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PREFACE TO THE THIRD EDITION 


In addition to a thorough revision of the material contained in the previous 
editions, this volume includes several chapters embracing important new develop- 
ments. These include the hydrogenation of coal and petroleum oils and a very 
full treatment of the reaction between carbon monoxide and hydrogen with its 
startling results in the solvent field. 

The fundamental importance of the economic utilization of coal, shale, petro- 
leum and other carbonaceous raw materials is reflected in the attention being 
directed to defining the best working conditions in established high pressure 
hydrogenation processes, and to improving the equipment, especially the design 
and construction of apparatus adapted to withstand the high temperatures and 
increasingly higher pressures used. Improved methods are being sought which will 
facilitate the separation of the gaseous and liquid products as well as solid residues. 

It has seemed fitting to include not only methods of preparation of various 
hydroaromatic bodies, but also to point out many of their uses. Owing to the 
enormous number of hydrogenations in this field, the material necessarily has been 
condensed to a minimum of space. In every case it has been attempted to pro- 
vide a journal reference which will enable one interested in a particular phase of 
the subject to consult the original article. 

The active development of the hydrogenation of glyceride oils which was so 
prominent a few years ago has largely subsided and out of the welter of proposals 
have come a few useful processes which have become well standardized. An equal 
state of feverish activity is now presented in the development work progressing in 
the field of high pressure hydrogenation of coal and petroleum oils and also in the 
production of solvents by the hydrogenation of carbon monoxide. Many years 
doubtless must elapse before the numerous assertions and findings shall have 
reached the stage of discard or confirmation. In the chapters relating to hydro- 
genation of coal and mineral oils and their residues, and of carbon monoxide, the 
author has made a complete review of the work accomplished to date, in so far 
as the data are disclosed by publication. Furthermore the text which follows 
does not overlook the growing importance of hydrogenation as one of the tools of 
research in connection with the identification of unsaturates of unknown consti- 
tutions. 

Frequent use has been made of the various abstract journals, such as Chemical 
Abstracts of the American Chemical Society, and British Chemical Abstracts. 
The author wishes to express the obligation arising from the utilization of informa- 
tion conveniently derived from such publications. Thanks also are due to those 
experimentalists in this country and abroad who have furnished data on various 
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hydrogenations. The author likewise is appreciative of the courtesies extended 
by Prof. R. T. Haslam and his associates of the scientific staff of the Standard 
Oil Company (New Jersey) in connection with the subject of petroleum hydro- 
genolysis. 


Ellis Laboratories 
Montclair, N. J. 


C. E. 
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HYDROGENATION 

CHAPTER I 

CATALYTIC HYDROGENATION 

Introduction 

100. In strict usage the term hydrogenation is applied only to the reactions in 
which hydrogen is added to an element or to an unsaturated compound. It is 
not this limited meaning that has determined the selection of themes for treat- 
ment in the present work. To ejefine our subject matter accurately is not easy. 
Roughly, however, it may be said to cover all cases where molecular hydrogen 
is made to react with organic substances. Some of these are true hydrogena- 
tions, some would strictly be called reductions, while others are dehalogena- 
tions. In a few cases, introduced because of their close technical connection 
with hydrogenations by molecular hydrogen, the hydrogenation of one sub- 
stance takes place at the expense of the hydrogenation of another. 1 

101. The majority of the reactions here described are obviously catalytic. 
Others, notably the “ non-catalytic ” forms of berginization, may depend on 
catalysts which have not been identified. 

102. Typical of the class of reactions in which we are interested is the first 
recorded catalytic hydrogenation of an organic compound. This was the pro- 
duction of methylamine from hydrocyanic acid by passing the vapor of the lat- 
ter, mixed with hydrogen, over platinum-black. 1 

103. A few scattered instances of catalytic hydrogenations of organic sub- 
stances can be culled from the chemical literature of the three decades following 
Debus* discovery. But they are of minor importance. It was not until 1897 
that hydrogenation began to be recognized as one of the major methods of chemi- 
cal technique. This was due to the brilliant researches of Sabatier and his asso- 
ciates. The work is recorded in a long series of articles, published, for the most 
part, in the Comples rendus of the Acadtfmie des Sciences and in the Bulletin de 
la Sociitt Chimique de France . In a condensed form this work is described in 
Sabatier's book La Catalyse en Chimie Organique .* 

104. The result of Sabatier's work has been an astonishing development of 
catalytic hydrogenation not only in the laboratory but in the industries. The 
most striking industrial application is to the hydrogenation of fatty oils by the 

1 A number of examples will be found in the chapters on the hydrogenation of mineral oils 
(XLIX to LI). 

* Debus. Ann., 1863. 128 . 200. 

• Translation by Reid : Catalysis in Organic Chemistry. Van Nostrand Co., 1922. 
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catalytic addition of hydrogen at the ethylenic linkages of their acids, with the 
production of glycerides of saturated (or relatively saturated) fatty acids and a 
corresponding rise 'rn .the melting-point. This process has been applied on a 
colossal scale for the production of edible and of soap fats. 

106. Other applications of major importance are the synthesis of methanol by 
the catalyzed interaction of hydrogen and carbon monoxide, the hydrogenation 
of coal and of petroleum. 

Catalysis 

106. Many a chemical reaction which, when the reactants are simply brought 
into intimate contact, proceeds, if at all, with extreme slowness, may be much 
accelerated by the introduction of a specific “ foreign ” substance, although 
this substance, at the end of the reaction, has, itself, undergone no chemical 
change. Such a reaction is called catalytic, the accelerating body is named a 
catalyst, 4 the action of the catalyst is known as catalysis. 

107. Early History of Catalytic Chemistry. Though many industrial methods 
of high antiquity are now known to depend on catalytic processes, it was not 
till the end of the eighteenth century that a chemical reaction, belonging to the 
type which we have learned to call catalytic, was first scientifically investigated. 
In 1794 Mrs. Fulhame published “An Essay on Combustion,” in which she dealt 
with the influence of water on chemical reaction, more especially in the reduc- 
tion of metallic oxides and in the oxidation of carbon monoxide, and clearly 
demonstrated the necessity for the presence of water, at least in traces, for the 
production of reaction. 4 

108. The subjoined list shows the chronology and the direction of early work 
on this subject. 

1794. Fulhame on r61e of water in promoting reactions. 

•1812. Kirchoff discovered that when starch is converted into sugar by the use of dilute 
acids, the acid remains unaltered. 

1817. Humphry Davy found that platinum wire at a temperature below red heat 
caused the combination of oxygen with coal gas, cyanogen, hydrogen cyanide, 
alcohol and ether. 

•1818. Tb6nard, having discovered hydrogen peroxide, showed that it was stable in the 
presence of acids, 1 but very unstable in alkaline solution, and that decomposi- 
tion was accelerated by the presence of silver, gold, platinum, the fibrin of 
clotted blood, and other substances. 

1818-1819. Erman found that platinum at 60° C. caused the ignition of oxygen and 
hydrogen mixtures. 

•1820. Edmund Davy, by means of finely divided platinum, oxidised ethyl alcohol to 
acetic acid. 

•1822. Ddbereiner, by use of spongy platinum in the cold, produced combustion of 
hydrogen in oxygen. 

1823. Dulong and Th6nard extended Ddbereiner's observations to gold, silver and glass, 
above certain temperatures. 

1831. P. Phillips took out an English patent for producing sulphur trioxide by air 
oxidation of sulphur dioxide in the presenoe of platinum sponge. 

•1834. Mitscherlich worked on the r61e of sulphuric acid in the ,, continuou8 ,, process of 
making ether from alcohol. 

4 Preferred to the term “catalyier" because tho latter might apply to the apparatus in 
which the operation is carried out. 

* Rideal and Taylor: Catalysis in Theory and Practice. 

• The first recorded observation of what is now known as negative catalysis. Aqueous 
solutions are unstable : the decomposition is retarded by acids. 
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109. In 1835 Berzelius, in a communication to the Swedish Academy of 
Sciences, 7 collated those observations which in the foregoing list are marked 
with an asterisk, and showed that they had a novel characteristic in common. 
In each instance a body, foreign to the reaction, as judged by the initial and 
final components of the latter, exhibits the power of inducing “ decompositions 
and different recombinations ” of those components, while remaining itself 
“ indifferent.” To this kind of action Berzelius applied the name Catalysis. 

110. It little matters that Berzelius described this action as “ . . . very dif- 
ferent from chemical affinity,” or that he announced it as due to a " . . . new 
force, which was hitherto unknown — not quite independent of the electrochemi- 
cal affinities of matter — only a new manifestation of the same . . though 
he thereby fired the first shot of a long conflict, a war largely of terminology. 
The cardinally important thing that Berzelius pointed out was the existence of 
a type of chemical reaction which was, at that time, novel, and which seemed 
exceptional. We now know that catalysis is an extremely frequent phenomenon. 
If we extend the term, as there is much justification for doing, to the part played 
by solvents and by radiation it is well-nigh universal. 

111. Ostwald has said, in this connection, that there is probably no chemical 
reaction which cannot be catalyzed and that there is probably no substance, 
element or compound which cannot serve as a catalyst of some reaction. 

112. Homogeneous and Heterogeneous Catalyses. A catalytic reaction is 
classed as homogeneous or as heterogeneous according to whether it takes place 
in a homogeneous or in a heterogeneous system. A homogeneous system is one, 
all of whose components are present in the same phase, i.e., all gaseous, or all 
liquid. A heterogeneous system is one whose components are not all present in 
the same phase, i.e., they may comprise gas with liquid, or gas with solid, or 
liquid with solid, or gas and liquid with solid. 

113 . Thus, when the combination of oxygen with hydrogen is catalysed by water vapor, 
all the components are gaseous and the catalysis is said to be homogeneous. So, also, the 
continuous process of ether manufacture from alcohol by the action of sulphuric acid is a 
homogeneous catalysis, all the components being in one phase, liquid. When nitromethane 
vapor, mixed with hydrogen, is passed over nickel at 150°-180° C., methylamino is formed. 
This is a two-phase heterogeneous catalysis: the reactants are gaseous, the catalyst solid. 
When hydrogen is bubbled through a fatty oil, containing nickel in suspension, at 180° C. # 
the unsaturated fatty acids are hydrogenated. Here we have a three-phase heterogeneous 
catalysis: the reactants are a gas and a liquid, the catalyst is a solid. 

114. Autocatalysis. A reaction which is accelerated by its own products is 
called autocatalytic: 

If pure copper be treated with pure nitric acid, the acid attacks the metal very slowly. 
But, the reaction once started, the nitrous acid, which is one of its products, accelerates the 
process and the action becomes violent. 

115. In a typical autocatalysis, if the progress of the reaction be plotted, 
time along the axis of abscissae and amount of product along the axis of ordinates, 
a characteristic curve results. At first it rises slowly, then more and more 

1 Jahresber ., 1836, 15 , 237. 

8 Quoted from Rideal and Taylor, loc. cii. 
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steeply to a maximum, when it again flattens out as the action gradually dies 
away. This curve is shown in a pure form if the drying of linseed oil is plotted. 

116. Mathews has pointed out the interesting analogy that exists between the behavior of 
linseed oil undergoing autocatalytic oxidation and the elementary processes of memory. 

117. Negative Catalysis. An essential property of a catalyst is its accelera- 
tion of a reaction. Here the term acceleration is used in its mathematical sense, 
so that it may be positive or negative. Negative acceleration is, of course, 
retardation; negative catalysts retard reactions. The majority of catalyses 
with which the chemist has to deal are positive. Negative catalysis of prac- 
tical importance is occasionally met with, and this class of action is of consid- 
erable theoretical interest. 

118. The action of acids in retarding the decomposition of hydrogen peroxide has already 
been mentioned (para. 108, footnote). Another familiar commercial instance of negative cataly- 
sis is the addition of alcohol to chloroform to prevent the formation of carbonyl chloride. 

119. The action of substances which check or prevent catalysis is sometimes, 
intentionally 9 or by confusion, classed with negative catalyses. It seems better 
to treat these matters apart, under the usual name of Catalyst Poisons. 

120. For facility of exposition, we have, so far, dealt with the nature of catal- 
ysis by exemplification rather than by definition. A concise definition, adequate 
in scope, yet of general acceptability, is required. 

121. A definition offered by Ostwald is: “A catalyst is a substance which 
changes the velocity of a given chemical reaction without modifying the energy 
factors of the reaction.” 

122. Catalysts and the Initiation of Reaction. This definition involves the 
tenet that a catalyst can modify the velocity of a reaction, but cannot initiate 
it. The view has not met with universal acceptance. It means, for instance, 
that, even in the absence of a catalyst, hydrogen and oxygen mixed at the ordi- 
nary temperature, would combine, though very slowly. The proof of the nega- 
tive of this proposition would, indeed, be difficult to the verge of impossibility. 
In the first place, what time limit are we to allow before requiring a detectable 
amount of combination? Secondly, in view of the well-known catalytic influ- 
ence of the walls of containers, how should we know that water, if formed, was 
not due to this kind of action? 

123. Moreover, it has been observed that hydrogen and oxygen mixtures 
apparently are stable at 2000 atmospheres pressure. 

124. It seems, therefore, that some reactions, capable of catalytic accelera- 
tion, will, in the absence of a catalyst, commence and proceed so slowly, if at 
all, that the change cannot be detected. Such cases are scarcely to be distin- 
guished from cases which are initiated by the catalyst: nor could the distinc- 
tion, if made, be of any conceivable practical or obvious theoretical importance. 

The evidence, as it stands, if it does not prove that a catalyst can sometimes 
initiate a reaction, suffices, at least, to shift the burden of proof to the shoulders 
of those who affirm the contrary: which is a disconcertingly legalistic argument 
to encounter in a scientific discussion. 

•E.g., Sabatier (tr. Reid): Catab'sia in Organic Chemiatry, 10. 
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126. There may be some difficulty in accepting that a catalyst, while contrib- 
uting no energy to the reaction, can initiate the reaction. Usually the explana- 
tion offered is that it overcomes or removes " chemical resistance.” 10 Poin- 
care has said that the mental processes of the English-speaking peoples call for 
the support of a concrete mechanism. Perhaps, therefore, a mechanical analogy 
may help. If we place a body on an inclined plane whose slope is just less than 
the angle of slip, it will remain stationary. But if the plane be oiled the body 
will slide down, although the lubricant has contributed no energy to the system. 
This is analogous to the catalytic initiation of a reaction. If the slope of the plane 
is greater than the angle of slip the lubricant will merely increase the velocity 
of fall. The position at the end will be the same with or without the lubricant. 
This is analogous to the mere acceleration of a reaction by a catalyst, without 
change in the final equilibrium. 

126. Catalysts and Equilibrium. Another implication in Ostwald’s defini- 
tion is that a catalyst cannot change the final equilibrium of a reaction. 

117 . Lemoine worked on the decomposition of hydriodic acid with and without a catalyst. 
He found 11 that at 350° C., in presence of platinum sponge, the limit was 19 per cent, reached 
almost instantaneously. Working at the same temperature without a catalyst and under 
a pressure of 2 atmospheres, practically the same limit of decomposition (18.6 per cent) was 
attained, but after 250 to 300 hours. 

118 . Bcrthelot examined the equilibrium attained in the esterification of ethyl alcohol by 
acetic acid in the presence and in the absence of traces of mineral acid catalyst, at the ordi- 
nary temperature. Starting with equivalent concentrations of alcohol and acetic acid, the 
limit reached was a conversion of 66 per cent of the alcohol, in each case. With catalyst this 
was attained in a few hours: without catalyst the limit was reached only after years of con- 
tact. 11 


129. On the whole the thesis that a catalyst cannot change the final equi- 
librium of the reaction has been generally, though not unanimously accepted. 
Even if a true displacement of equilibrium be theoretically possible , 11 the experi- 
mental evidence is slender, and the majority of supposed instances have received 
other adequate explanation. 

ISO. Raid passed equimolecular volumes of alcohol and acetic acid over silica gel at 100° C. 
At this temperature the equilibrium corresponds to about 67 per cent concentration of the 
ester; yet for long periods a yield of 76 per cent and even more was obtained. Taylor sug- 
gests that equilibrium may not be reached in the vapor phase at the same point as in the 
liquid phase. 14 

131. In esterification processes and in the hydrolysis of esters in presence of 
acid catalysts, there is a shift of the final equilibrium which depends on the 
amount of the catalyst employed. 

10 “ We know that chemical reaction velocity is probably directly proportional to the dif- 
ference in chemical potential and inversely proportional to the chemical resistance: but we 
have not yet started on the question of what we mean by chemical resistance and conse- 
quently we do not know what really determines the speed of a reaction." (Bancroft.) 

11 Ann. Chim. Phys ., 1877 (V), 12, 145. 

11 Bull. Soe. Chim., 1879. 31 , 342. 

11 See: Pro: Thomson, Applications of Dynamics to Physics and Chemistry, 1888, 203, 234; 
Bancroft, J. Phys. Chem., 1917, II, 580; 1918, 22, 433. Contra: Rideal and Taylor, loc. cit., 
pp. 18 to 20, and references therein. 

14 First Report of the Committee on Contact Catalysis, 1922, 40-41. 
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Thus, in the hydrolysis of ethyl acetate, with hydrochloric acid as catalyst, the ratio 

[HjOJ [CHj CO*OCiHil . ^ * . .... . ..... ... . 

.. ,n the final equilibrium, rises steadily with increasing ooncentra- 

[Uini'UnJ IL/II3 • 

tions of hydrochloric acid. Jones and Lap worth attribute this to the formation of a com- 
pound between the water and the hydrochloric acid. The discrepancy in the equilibrium 
equation is approximately adjusted by postulating the presence of HCl*2Hi0. li 


132. Some of the apparent exceptions to the rule that catalysts do not change 
the final equilibrium are due to false equilibria. There are several ways in 
which these may be produced. Thus, in catalysis at a solid surface, one of the 
products of the reaction may “ poison ” the catalyst, either by combining with 
it chemically and rendering it inert, or, by being strongly and selectively adsorbed 
at it, covering it and shutting off the reactants. In each instance the reaction 
will come to a premature end, the end-point depending on the amount of catalyst 
used. 

133. Amygdalin is a glucosido which, on hydrolysis, yields hydrocyanic acid and a sugar. 
The natural agent for this hydrolysis is an enxyme, and the equilibrium point for the reaction 
is known. Platinum-black, which has been called an "inorganic ferment," is also capable of 
splitting glucosides. With amygdalin the hydrolysis with platinum-black stops very far 
short of the truo equilibrium point. This is duo to the well-known "poisoning" effect of 
hydrocyanic acid on platinum catalysts. If the liquid is ventilated the reaction goes further 
than in a closed vessel, owing to removal of the poison. 1 * 

134. Importance of Equilibrium Conditions in Industrial Catalysis. When 
a catalytic process, successful in the laboratory, reaches the stage of industrial 
application a knowledge of the equilibria of the reactions is invaluable. In the 
case of contact catalyses in the gas phase this knowledge is essential to economic 
working, for by it alone can be predicted the available ranges of pressure and 
temperature. The synthesis of ammonia, the contact sulphuric acid process 
and the manufacture of hydrogen from water-gas by a contact process are now 
among the greatest of chemical industries. The economic efficiency of these 
processes and, from the industrial point of view, their survival is due to the care 
with which the optimum working conditions have been established. This, in 
turn, was rendered possible by the accumulation of equilibrium data for the 
reactions. 

136. As a result of his own work on the bromination of hydrocarbons, 
Merezhkovskii rejects Ostwald’s conception of a catalyst. He offers as a general 
definition: a catalyst for a given reaction is a substance capable of modifying 
the valences of the reagents, capable of reacting reversibly with the reagents, 
and capable of having at least two degrees of oxidation. 17 

136. Directive Effect of Catalysts. When more than one reaction is possi- 
ble the relative amount of each which actually takes place depends on various 
conditions of the experiment. Among important factors having influence in 
determining the direction mainly taken by such a potentially multiple reaction 
are: the temperature, the solvent, and the action of a specific catalyst. 

11 Jones and Lapworth, J. Chem. Soc., 1911, 99, 1427. For alternative explanations see: 
Taylor, Catalysis and Catalytic Agents, 1922, 10. 

11 Neilson, Am. Jour. Physiology, 1906, 15. 

17 BuU. Soc. Chim ., 1926, 39, 41; Chem. Abst., 1996, 1937. 
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137 . Sabatier found that at the same temperature, 300°, the vapors of isobutyl alcohol 
decompose: in the presence of copper, into aldehyde and hydrogen, exclusively; in the pres- 
ence of alumina, into isobutylene and water, exclusively; in the presence of uranium oxide, 
both ways, giving at the same time the aldehyde and isobutylene. 11 

138. Solvents as Catalysts. There is a close analogy if not an identity 
between the influence of a solvent on a reaction and that of a catalyst. A solv- 
ent, by bringing solid reactants into the liquid phase thereby increases the num- 
ber of molecular collisions, accelerating the reaction though itself remaining 
chemically unchanged at the end. Again solvents exhibit a directive action on 
reactions similar to that exerted by catalysts. 

139 . From water solutions of mercuric chloride potassium iodide precipitates mercuric 
iodide. But when acetone is used as the solvent potassium chloride is precipitated, because 
mercuric iodide is soluble in acetone. 

140. Were it not for the conspicuous effect of the solvent on the equilibrium 
the identity would be complete. There is, moreover, a way of considering the 
phenomena of solvent action and of formulating the data relating to the equi- 
librium which removes even this difference. 

141. It will be recollected that, in ester hydrolysis, the equilibrium end- 
point varies with varying concentrations of the catalyst (hydrochloric acid), 
and that the cause seems to be the formation of complexes between the acid 
and the products of reaction. 11 A similar explanation has been given of the influ- 
ence of varying concentration of the solvent. “ The effect of the medium may 
be regarded as dual. (1) A catalytic action affecting the two actions of a rever- 
sible process equally and having no influence on the final state of equilibrium. 
(2) A specific action dependent upon the relation of the catalyst to each of 
the reacting substances.” 10 

142. It can be shown mathematically, on thermodynamic reasoning, that 
the position of equilibrium is independent of the solvent medium if the latter is 
without specific action on the reactants, and that the equilibrium constant is 
independent of the solvent if the concentrations of the reactants are expressed 
in terms of saturated solutions. 

11 Sabatier (tr. Reid) : Catalysis in Organic Chemistry, 142. 

See para. 131. 

10 Van’t Hoff, quoted in Rideal and Taylor, loc. cit., pp. 25-27, which should be consulted 
for the mathematical treatment. Compounds of solvent* with solutes are known as solvates; 
see a note on this subject in J. Amer. Chem. Soc. t Golden Jubilee Number, 1926, p. 116. 



CHAPTER II 


ADSORPTION 

200. Adsorption at solid surfaces is the power possessed by solids of holding 
gases and liquids on their surfaces in extremely thin films. 1 This property is of 
cardinal importance in contact catalysis. Experts are far from unanimous about 
the mechanism of contact catalysis, especially about the terminology to be used 
in describing that mechanism, but all begin with adsorption as a condition pre- 
cedent of catalytic activity at solid surfaces. 

201. Two Kinds of Adsorption. While many adsorptions seem to depend 
solely on the physical characters, others are conditioned, also, by the chemical 
nature of the adsorbent and of the adsorbate. Adsorptions of the latter class 
are conspicuous in catalysis if, indeed, they are not the only kind that we meet 
in this connection. On the other hand, physical and colloidal chemists have 
occupied themselves almost exclusively with the former class of adsorptions. 
Some of the reasons for this are fairly obvious. In the nature of things the second 
class of adsorptions, those in which chemical constitution plays an important 
role, must, so to speak, seem capricious. The adsorbents of this kind are, as 
we shall see, highly selective in their action; they are easily influenced by poi- 
sons; the reasons for their behavior cannot yet be formulated with the precision 
to which the better disciplined if less gifted 44 physical ” adsorbents lend them- 
selves. 

202. A notable example of almost purely physical adsorption is afforded by 
Patrick’s silica gel. It presents an enormous area per unit of mass (estimated 
2,500,000 sq. cm. per gram). It is a powerful adsorbent; as a catalyst it is inert 
for most reactions. 

203. It is to such adsorbents that Freundlich’s dictum applies 41 . . . the 
physical characters of the adsorbed gas are of far more importance than the 
specific effect between gas and adsorbent, . . . oftentimes gases are adsorbed in 
the order of their compressibilities." * Neither of these propositions is true of 
adsorbents which possess high catalytic activity. 

1 More generally stated : "In a system consisting of two or more phases, and being, there- 
fore. heterogeneous, it is often observed that the concentration of any substance is greater or 
less at the surface of contact of the phases than it is in the phases themselves. This difference 
of concentration at the phase boundary is what is known as adsorption." The quotation is 
from an article on Adsorption by Mathews in Physiological Rcvieics, 1921, 1, No. 4. This 
pa|>er, unfortunately buried in a periodical of a highly specialized circulation, is most illu- 
minating and should be consulted by all interested in this subject. 

* Kapillarchemic, 2d edition, 1922, 178, quoted in Taylor: Colloid Symposium Monograph, 
1923, 105. 
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204. The preoccupation of physical chemists with adsorptions of the purely 
physical order resulted in their carrying over to the problems of contact catal- 
ysis preconceptions derived from that other field of work and, not infrequently, 
promulgating dogmatically opinions based on inapplicable analogies. For long 
the physicists dominated catalytic theory; structural chemistry seemed to be 
inactivated by their mathematical incantations. The result was to retard the 
sound development of catalytic theory. In the meantime, however, organic 
chemists familiarized themselves with the tools of the physical chemists and, in 
alliance with the latter, have of recent years attacked with a fair measure of 
success the obscure problem of catalytic mechanism. 

205. Before entering on a discussion of catalytic theory it behooves us to 
review the relevant facts elicited by these researches. 

206. Langmuir limits the term adsorption to the combination, by means of 
unsaturated valences, between a surface and atoms or molecules with which it 
is in contact. In the case of a gas, this is related, not to its ease of liquefaction, 
but to the specific chemical character of the gas and of the adsorbing surface. 
Thus all concentrations not dependent on chemical affinity are removed from 
the category of adsorptions. This permits of a restatement of the case which 
brings together the physical and the chemical view of contact catalysis. The 
chemists admit that specific adsorption is the condition of surface catalysis: 
the physicists admit that specific adsorption is a chemical phenomenon. 

207. Adsorption at Catalytic Surfaces. Working with hydrogenation cata- 
lysts Taylor, Burns and Gauger made careful quantitative observations on 
adsorption. Nickel, by far the most important catalyst for hydrogenation, 
shows strong adsorption capacity for hydrogen, carbon monoxide and ethylene. 
Copper adsorbs carbon monoxide and ethylene more than it does hydrogen. 

208. But although active catalysts show high adsorptive capacity for the 
reactants, the converse is not invariably true, as is shown in the following table. 
All the metals noted show measurable adsorptions of the reacting gases in the 
reactions listed. 3 


Reaction 

Catalysts 

Non-catalytic 

CO + 3H, = CH, X H,0 

2CO = co, + c 

C,H, + 3H, = C,H„ 

Ni, Co, Fe. Pd. 
Ni. Co, Fo. 

Ni. 

Cu. Pt. 
Cu, Pt. 
Cu. 


At a nickel surface carbon monoxide and hydrogen combine to form methane and water: at 
a copper surface, though adsorption occurs to an equal extent, no reaction ensues. Copper 
is an adsorbent for hydrogen and for carbon monoxide, but not a specific catalyst for these 
gases. 


209. Proof of the divergence between the adsorption of gases at catalytic 
metal surfaces and that by porous inert adsorbents has been obtained by Taylor 
and Gauger in a study of the adsorption isotherms of hydrogen on catalytic 

•Taylor, loc. cH. t p. 16; R. N. Pease, Jour. Amer. Chem. Soc., 1923, 45 , 2299. 
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nickel. The experimental data are also in good agreement with Langmuir’s 
view that such adsorption layers are seldom, if ever, more than 1 molecule in 
thickness and that they are determined in many cases by electronic rearrange- 
ment of adsorbent and adsorbed gas. A study of the adsorption isotherms of 
hydrogen on catalytic nickel at temperatures between 20° C. and 305° C. has 
shown that the nickel surface is already saturated with hydrogen at relatively 
low gas pressures. At 40-mm. pressure at 25° C. nickel is completely saturated 
with hydrogen and with increase of pressure up to 760 mm. the quantity of gas 
adsorbed docs not sensibly alter. At 305° C. it requires a pressure of only 
275 mm. to saturate the nickel surface completely with hydrogen, higher pres- 
sures cause no further adsorption. 4 * 

210. This saturation at low pressures is not confined to the case of hydrogen 
on nickel. It is true also of hydrogen on platinum and, in a less degree, of car- 
bon monoxide on platinum. 6 

Similar behavior is shown by hydrogen adsorbed on copper, 6 and by carbon 
monoxide on copper. 7 

Earlier work on adsorbents of the non-catalytic type showed that saturation 
was not attained even at pressures far beyond 760 mm. 

211. Heat of Adsorption. Making certain assumptions as to the meaning 
of the phenomenon exhibited by catalytic nickel of saturation at low pressures, 
Taylor and Gauger calculated (quite provisionally) the thermal quantity involved 
in the disruption (and formation) of a nickel-hydrogen surface complex. They 
arrived at a result of the order of magnitude of 2500 calories per mol of hydrogen 
adsorbed. The method of calculation was subsequently found to be erroneous: 8 
on recalculation a figure of 15,000 ± 3,000 calories was obtained. By another 
method Rideal arrived at 12,000 calories. A direct determination by Beebe and 
Taylor, with freshly prepared, highly active nickel, gave a heat of adsorption 
of 13,500 calories per mol. 

212. The order of magnitude of the heat of adsorption of hydrogen at cata- 
lytic surfaces is more significant than the actual figures. The heat of liquefac- 
tion of hydrogen cannot be much larger than 450 calories. 

213. Catalytic Adsorption Chemical. The phenomenon of adsorption at a 
catalytic surface is, therefore, not one of simple condensation: the magnitude 
of the heat of adsorption is comparable with that of a mild chemical reaction. 
This appears to be the final proof that the association between interacting com- 
pounds and metal catalyst is definitely chemical in type. 9 

214. Thickness of Adsorbed Layer. Langmuir’s theory of a monomolecular 
adsorbed layer receives strong confirmation from the work of Taylor and his 
associates. The low gas pressure at which saturation is reached shows that 

4 Taylor, Catalysis and Catalytic Agents in Chemical Processes, Jour. Franklin Inst., 

July. 1922, 17. 

6 Pollard, J. Phi/s. Chem., 1923. 17 , 365. 

• Pease, quoted by Taylor, Colloidal Symposium Monograph, 1923, 108. 

7 Jones and Taylor, quoted by Taylor, loc. cit., 109. 

8 Taylor. Colloid Symposium Monograph, 1923, 109. 

• Armstrong and Hilditch. 
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there is no tendency to build up layers of adsorbed molecules (para. 209). The 
results at the higher temperatures suggest that considerable pressures may be 
necessary before the surface is covered with a layer even one molecule deep. 
Evidence to the same effect obtained without the difficulties associated with the 
definition of the surface is furnished by Iredale, 10 who has investigated the 
adsorption of methyl acetate on liquid mercury by determining the change of 
surface tension of mercury with varying partial pressures of the vapor. The 
following table shows this variation from zero pressure to 227 mm., the satura- 
tion pressure at the temperature employed (26° C.). 

V.P. 0 19 62 109 137 167 227 mm. 

y 472 444 423 419 418 417 412-370 dynes/sq. cm. 

From 62 mm. up to the saturation pressure, there is only a slight variation in 
surface tension with change in vapor pressure. This points to the attainment 
of an approximately monomolecular adsorbed layer at less than one-third of the 
saturated vapor pressure. Iredale has calculated the amount adsorbed at 62 mm. 
as of the order of 4.5 X 10“ 8 g. of methyl acetate per square centimeter of mer- 
cury. This is equivalent to 0.37 X 10 16 molecules per square centimeter or to 
an area of approximately 27 X 10” 18 sq. cm. molecule, which is comparable 
with that deduced by Langmuir for the area occupied by such esters when ori- 
ented at a water surface. 11 

216. Adsorption of Both Reactants. Pease studied the relation between cata- 
lytic activity and adsorptive capacity in the hydrogenation of ethylene in the 
presence of copper and showed that high adsorption of both gases was associated 
with high catalytic activity. On suppressing the hydrogen adsorption by par- 
tial poisoning with mercury, without serious impairment of the ethylene adsorp- 
tion, the catalytic activity was suppressed. Adsorption of both reactant gases 
is necessary to this reaction. Dougherty and Taylor showed the adsorption of 
benzene vapors by nickel. 11 Those here mentioned and many others which might 
be cited are all instances of the adsorption of reactant gases. In the section on 
the theory of catalysis we shall have evidence that the proposition is true of 
liquid reactants at catalytic surfaces. 

216. Effect of Heat Treatment of Catalyst The following table is illustrative 
of the effect of heat on the adsorptive capacity of metal catalysts. 13 


Catalyst 

Heat Treatment 

Adsorption at 0° C. 
and 760 mm. 

Observer 

A. Active Cu 100 g. 

No heat beyond reduction of 
oxide at 200° C. 

H 2 OHa 

3 . 70 cc. 8.56 cc. 

Pease 

B. 

A heated to 450° C. for 1.5 
hours. 

115 cc. 6.85 cc. 

Pease 

C. Active Ni 27 g. 

Reduction of oxide at 300° C. 

35 

Bee 1x3 

D. 

C heated at 400° C. for 4 hours. 

16 

Beebe 


10 Phil. Mao., 1923, 46 , 1088. 

11 Taylor, Inc. cil ., 111-112. 

13 Taylor, loc. cit. t 102. 

13 Taylor, loc. cil 104. 
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217. Taylor’s Conception of a Catalytic Surface. It will be noticed that, as 
occurred in partial poisoning by mercury, the depression of the hydrogen adsorp- 
tion on catalytic copper by the action of heat on the catalyst is much greater 
than that of the ethylene adsorption. Taylor explains this as follows: The 
fraction of the surface capable of adsorbing hydrogen is smaller than that which 
can hold ethylene. The greater adsorptive force required to adsorb hydrogen 
is possessed by atoms projecting from the surface and so having a specially high 
degree of freedom from the influence of neighboring copper atoms. They, there- 
fore, have higher surface energy, and higher vapor pressure. When the metal 
is heated these atoms distil to positions of less surface energy. These atoms 
of high surface energy will be most affected by heat treatment: they will be 
preferred positions of attachment of poisons. This speculation of Taylor's 
has an important bearing on the mechanism of catalysis. 

218. Specificity of Catalytic Adsorption. In quoting a remark of Freundlich 
on the non-specificity of gas adsorption we mentioned that it did not apply to 
adsorption by catalytic adsorbents. This can be well illustrated by reference 
to the preferential combustion of carbon monoxide mixed with hydrogen. 

119 . An important process for producing hydrogen industrially furnishes a product con- 
taminated with carbon monoxide. # It has been found that, on adding oxygen equivalent to 
the amount of carbon monoxido and passing the mixture over certain oxide catalysts, the 
carbon monoxide is preferentially oxidized even in the presence of a large excess of hydrogen. 

The subjoined table gives the ratio a ^ 8Qrpt j QD by the oxides named at 760 mm. and 

adsorption of CO 

— 79° C. as determined by Benton. 14 

HO. For exact comparison with working data, the adsorptions of carbon monoxide at low 
partial pressures should be comparod with those of hydrogen at atmospheric pressure. The 
results, however, demonstrate the trend towards marked preferential adsorption of carbon 
monoxide. 

Ratio = adsorption CO: adsorption Hi. 

Oxide Adsorbent Hopcalite 1 * MnOi CuO CoiOj FejOj VjO* SiOj 

Ratio - 33 100 34 19 35 17 28 

m. With metal catalysts, the ratios are either unfavorable to preferential combustion of 
carbon monoxide (nickel and platinum) or only moderately favorable (copper). 

Metal = Nickel Pt black Copper 

Ratio = 0 87 at 184° 3.3 at 100° 12 

Result = Hj freely consumed. Hi freely consumed. Fair preferential combustion of CO. 

14 Taylor, loc. cU., p. 106. 

11 Cupric oxide 30, manganese peroxide 50, cobaltic oxide 15, silver oxide 5. 



CHAPTER III 


THE MECHANISM OF CATALYSIS 

300. For many years catalytic theory has been one of the liveliest sectors 
of the chemico-physical battlefront. The most energetically contested questions 
have related to the phenomena of catalysis at solid surfaces; the controversies 
resolved themselves into a dispute as to the nature of adsorption, which seemed 
to be claimed as exclusively physical by the physicists. Of recent years, how- 
ever, the chemists have rather tellingly asserted a chemical rationale. 

SOI. “ Most authors deal with these (adsorption) compounds as if they wore not chemical 
compounds but physical. This gets them at once into difficulties, for the extreme specificity 
of the reactions, the cleanout substitutions of one base or acid for another, pointing clearly to 
a chemical union, remain wholly unexplained. They are forced to fall back on their favorite 
explanation, namely, that the case is one of specific adsorption and let it go at that. In 
fact the whole subject at the present time (1921) is a perfect morass, and those who wander 
in this field with physical adsorption for their lantern climb out of one mudhole only to fall 
into another." 1 

302. The explanations offered of contact catalysis may be divided into two 
groups, the essentially chemical and the purely physical. 

303. Chemical Theory. The essentially chemical theory of catalytic action 
postulates the formation of compounds in which the catalyst is united to the 
reactant (or reactants) by chemical affinity, i.e., by the valences. These inter- 
mediate compounds, in the conditions of the reaction, are unstable: they break 
down rapidly into new combinations with regeneration of the catalyst. 

304. Physical Theories. The first and once most strongly held of the physi- 
cal theories is the original adsorption theory. According to this, adsorption is 
a purely physical phenomenon, not due to chemical affinity, and affords a gen- 
eral explanation of contact catalysis. The great concentration of the react- 
ants at the interface between the catalyst and the surrounding medium pro- 
duces the acceleration of the reaction. This dogma is now discredited: hardly 
will the most recalcitrant offer it, in its pure form, as an adequate general explana- 
tion of contact catalysis. 

306. A second physical theory attributes catalytic action at solid surfaces, 
and especially the specificity of catalysts, to radiation. This explanation is, of 
course, entirely compatible with both the essentially chemical and the purely 
physical theories. 

306. The Intermediate Compound Theories. The chemical theory of contact 
catalysis is generally presented in two forms: the definite intermediate com- 
pound theory, and the indefinite intermediate compound theory. 

1 Mathews, Physiol. Reviews , 1921, 1, No. 4. 

13 
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307. For example: Sabatier* holds that hydrogenation with finely divided 
metals as catalysts 11 ... is easily explained by the assumption of unstable 
hydrides ” on the surfaces of the metals. Referring to this, in the translation 
of the same work, Bancroft affirms that "... the recent work of Professor 
Taylor of Princeton shows that no hydride is formed." 

308. Notwithstanding the strength of the evidence against the purely 
physical explanation of adsorption in surface catalysis and in favor of the inter- 
mediate compound hypothesis, it is still sometimes urged against the acceptance 
of the latter that only in rare instances can the intermediate compounds be iso- 
lated and that, in most, we cannot even say what intermediate compounds are 
formed. Is this quite logical? Is it in accordance with our habit of thought 
when judging evidence in a relatively disinterested fashion? 

309. Cases frequently occur in which a death can be clearly shown not to be 
due to “ natural causes ” and in which suicide and accident can be excluded 
with almost equal certainty. Does an intelligent person, in such a case, refuse 
to accept the reasonable hypothesis of homicide, merely because we can neither 
tell exactly with what make of weapon the act was committed nor arrest and 
convict the assassin? 

310 . Recently a writer has said: “Great progress has been made in this country in the 
theory of contact catalysis since the importance of adsorption has been recognized. “ 1 We 
may add: “and most of this progress has been achieved since and largely because of the 
abandonment of the purely physical (i.o., non-chemical) view of adsorption. “ 

311. The whole passage is worth quoting as showing the position now taken 
up on this matter by a representative physical chemist whose name has been 
closely associated with the development and exposition of catalytic theory. 

313 . Bancroft goes on to say: “The very mysterious phenomenon of the poisoning of 
the catalyst has been cleared up so far as the general theory is concerned, though there is still 
some question why a given amount of the poison is necessary in any given case, rather than 
some other amount. Langmuir's conception of oriented adsorption has already proved its 
value and is going to be of increasing importance. In Taylor's laboratory, at Princeton 
University, it has been shown experimentally that nickel splits hydrogen into monatomic, 
electrically neutral hydrogen, as previously postulated by Langmuir. Bancroft has pointed 
out that ultra-violet light will do many of the things that a catalyst will do, and that con- 
sequently the activation of a substance consists fundamentally in the owning of some bond 
or contra valence, one of tho problems then becoming the determination of what bond it is 
in any given case. This is Baly’s hypothesis made a little more definite: it really inaugurates 
a new organic chemistry, tho chemistry of radicles instead of the chemistry of molecules. 
The statement that reactions were always between ions was never taken seriously because 
it was known to be inaccurate. It seems probable, howevor, that most reactions involve 
activated molecules, the ions being one class of active substances, and the active forms of 
the organic molecules being not necessarily charged. 

313. Stress has been laid upon the importance of differentiating between 
the two possible types of contact catalysis. In one case there is an intermediate 
formation of a definite chemical compound, meaning thereby one which is 
described by the law of definite and multiple proportions. In the other case 
there is an intermediate formation of an adsorption complex, or indefinite 

* Catalysis in Organic Chemistry (tr. Reid), 165 . 

* Bancroft in J. Amer. Chcm. Soc. t Golden Jubilee Number, 1920, 97. 
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chemical compound if one prefers that term. 4 * Bray believes that these two types 
merge insensibly, one into the other, and that there are cases which its is impos- 
sible to classify under either head. Whether one can separate the sheep from 
the goats with accuracy is a debatable point; but the value of the classification 
does not depend on that. Everybody will agree that it is desirable to distinguish 
between animals and plants, even though it is not possible to draw a sharp 
dividing line. 

314. Taylor believes that the activating atoms (or molecules) of the catalyst 
usually occupy only a small fraction of the total surface and are those in the 
surface which are unsaturated — the extra-lattice atoms — which may be held to 
the mass of the catalyst by perhaps a single bond. 

315. The X-ray examination of metallic hydrogenation catalysts has shown 
that these catalysts, even when prepared at low temperatures, possess the 
definite lattice structure of the crystalline material. 6 A granule of such a cata- 
lyst must, therefore, possess, in part, the ordered arrangement of the atoms 
found in crystalline material. The method of preparation of active material 
suggests, nevertheless, that the ordered arrangement of the atoms has not been 
completely attained and that, here and there, on the surface of a partially crys- 
talline material, there are groups of atoms in which the process of crystalliza- 
tion is not complete. 

316. The atoms in the plane surface of a cubic crystal of nickel will be 
practically saturated by the neighboring metal atoms in three dimensions, with 
the exception that there will be a certain degree of unsaturation towards the gas 
phase. Atoms in the edges of such a crystal will be one degree less saturated than 
atoms in the surface, by reason of the fact that they are surrounded to a less 
degree by nickel atoms. For this reason they will possess stronger attractive 
force for impinging atoms. This increased attractive force at an edge will be sur- 
passed by that obtaining at a corner. 6 In the incompletely ordered atoms the 
attractive force will increase progressively as the degree of saturation by neigh- 
boring nickel atoms becomes less and less, . . . the methods of preparation of 
active catalysts . . . tend to produce arrangements of atoms in which these 
varying characteristics are multiplied. . . . The less saturated atoms in the 
catalyst surface will be the preferred positions of attachment of catalyst poi- 
sons. Hence the varying ratio of adsorption between poisoned and unpoi- 
soned catalyst. 

317. On Taylor's hypothesis, the simultaneous formation of ethylene and 
of acetaldehyde from ethyl alcohol is due to differently oriented adsorption by 
atoms of the catalyst held differently on the surface or by differently oriented 

4 If w© are to accept that the union of the constituents of these is brought about through 
their valences (principal, contra or secondary), i.e., by “chemical affinity, M there seems no 
logical reason for rejecting the term “chemical compound" and no reason, unless of con- 
venience, for using “adsorption complex." Terminology is generally the uliimum moriene 
of an obsolete theory. 

• Paras. 339 and 340. 

• Re bo ul, Compt. rend ., 1913, 155, 1227, and Reboul and Luce, Campt. rend., 1921, 171, 
917, found evidence that surface chemical activity is greater on curves than on the flat. 
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adsorption at different portions of the crystal. Adkins claims that the differ- 
ence in product is due to a variation in the spacing of the atoms or molecules 
of the catalysts, and he apparently obtained different alumina catalysts by 
decomposing compounds of aluminum.” 7 


317 A. Bourguel, using his special palladium catalyst for low-temperature hydrogenations 
observes that in the reduction of acetylenes and of acetylenic acids and alcohols, there is an 



Fxo. 1. — Powder Spectrograph. 

Powder diffraction photographs have been taken by Clark, Asbury and Wick (J. Amer . 
Chem. Soc., 1925, 2661) of nickel catalysts of widely different hydrogenation and dehydro- 
genation activities, prepared by reduction with carbon, alcohol, ethyl acetate, hydrogen 
and sodium hypophosphite. Except for the last, which appeared colloidal, all give identical 
lines for nickel, dioo = 3.536A. Hence the difference in activities is not to be ascribed to a 
difference in lattice type or dimensions. 


abrupt change in the rate of reduction when the amount of hydrogen taken up is exactly 
equal to 2 atoms per mol of the unsaturated compound, and at the same time, and not 
before, the substance ceases to react wtth cuprous chloride. In explanation of the results, 
Armstrong and Hilditch's theory is advocated, a palladium-hydrogen complex being formed 
first, then adding on the organic substance, and finally decomposing into the metal and 
reduced compound. As it is observed that in the reduction of a liquid immiscible with water 

7 Retardation of reaction notwithstanding adsorption of reactants may be explained on 
the hypothesis of unfavorable orientation. This is held to account for the retarding action 
of charcoal on the hydrolysis of ethyl acetate. Kmyt and Van Duin, Rec. Trav. Chim 1921 
S (4), 249. 
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the palladium i a removed from its aqueous colloidal solution to form a film at the interface 
of the two liquids, the formation of an oriented layer of the palladium-hydrogen complex is 
suggested, the hydrogen atoms being directed towards the organic liquid and attracting 
molecules of the aoetyleno type in preference to those of the ethylene type. 1 

318. Adkins points out that there are two phases to these catalytic actions 
which are not necessarily interdependent. The one is the amount of catalyzed 
reaction which occurs in unit time; this is what we measure when we speak of 
the “ activity ” of a catalyst. The other is the ratio of different reactions pro- 
duced. This is the “ specificity 99 of the catalyst. The activity may (according 
to Adkins) find its explanation in Taylor’s hypothesis. Adkins prefers to 
attribute the specificity to geometrical relations between the active points, 
which would determine not only the orientation of the molecule as a whole, but 
also the strains and constraints to which its parts are subjected. Confirmation 
of this view is found in recent work of Frolich and his associates (see para. 339 ). 
They are able to correlate the variations of specificity of a compound catalyst 
to variations of the distance separating atoms of the constituent metals. That 
is, with one distance between the zinc and copper atoms one reaction product 
is obtained, with another distance a different product. This total effect of molec- 
ular polarity causing orientation at the catalyst surface with the strains and 
constraints due to geometrical distribution of the adsorbing points we may call 
the posture in captivity of the adsorbed reactant molecule (c/., para. 333 ). 

319. Adopting Mathews’ apt comparison of adsorption with the act of 
dressing, 9 Adkins’ hypothesis of the nature of specificity may be illustrated by the 
facts that to put on trousers one’s legs must be free, but a shirt may be donned 
with both feet fettered. Again the speed of dressing is partly determined by 
the freedom of one’s body and limbs from interference with surrounding objects, 
which illustrates Taylor’s hypothesis and “ activity.” 

320. In summing up the article already quoted Bancroft says: “ We must 
develop a theory of contact catalysis which will enable us to prophesy what 
catalytic agent will give us a particular result. In the recent synthesis of meth- 
anol, we could predict that high pressure would be helpful; but nobody could 
have said in advance that zinc oxide would be the best catalyst. They had to 
try one hydrogenating catalyst after another until the right one was found — a 
slow and unsatisfactory procedure in general. Since the contact catalytic agent 
activates substances in most cases by opening some bond, we need a study of the 
organic radicals thus produced, so that we may have a real knowledge of the 
intermediate steps in organic reactions.” 

321. A hypothesis is only a scaffolding, usually discarded when the struc- 
ture is complete, though sometimes it becomes permanently integral with that 
structure. The hypothesis of the intermediate compound in contact catalysis 
has, even in its baldest form, been fruitful in suggestion, and, modified by new 
exact knowledge, promises to be even more fertile in the future. 

322. “ As far as I am concerned, this idea of temporary unstable interme- 
diate compounds has been the beacon light which has guided all my work on catal- 

1 Bril. Chem. Abat., 1928, 28A. 

• Physiol. Reviews , 1921, 1, No. 4. 
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ysis; its light may, perhaps be dimmed by the glare of lights, as yet unsus- 
pected, which will arise in the better explored field of chemical knowledge. Actu- 
ally, such as it is, in spite of its imperfections and gaps, the theory appears to 
us good because it is fertile and permits, in a useful way, to foresee reactions.” 10 

323. Activation. In discussions on the mechanism of catalysis the expres- 
sion “ activation of molecules ” is often used. The acceleration of reaction 
velocity produced by rise of temperature is a familiar phenomenon and its 
quantitative expression is known as the thermal coefficient of the reaction. 
Arrhenius calculated that observed accelerations are many times greater than 
could be accounted for on purely thermodynamic reasoning. He, therefore, 
put forward the hypothesis that molecules exist in two degrees of reactivity — 
activated molecules and inactive molecules, and that an equilibrium is estab- 
lished between these two kinds of molecules, which is definite at each tempera- 
ture. The effect of a rise in temperature would be to displace the equilibrium 
so that the proportion of activated molecules would be increased and the reaction 
correspondingly accelerated. In this Arrhenius made no assumption as to the 
source of the energy of activation: it is worth while repeating that he had already 
shown that the source of this energy could not for the most part be caloric due 
to the rise of temperature. 

324. The Radiation Theory of Catalytic Activity. Neither of the intermediate 
compound theories offers an explanation of the acceleration of reactions by the 
formation of such intermediate compounds at or on catalytic solid surfaces. 
They furnish a picture of molecules in a posture adapted for reaction, but no 
information as to the source of the necessary energy increment. In explanation 
of the origin of this energy the Radiation Theory was advanced (apparently 
independently) by Trautz (1906), Lewis, 11 and Perrin. 11 This theory does not 
lend itself to condensed exposition and the reader desirous of understanding the 
mathematical pros and cons of the matter is referred to the accounts given by 
Rideal and Taylor 11 and by Green. 14 

326. According to this theory reactions occur between “ active ” 16 mole- 
cules; the increment of energy necessary to activate the molecules being derived 
from radiation absorbed by or present in the system. This radiation must be 
of a definite frequency corresponding to absorption bands of the reactant. It 
is the function of the catalyst to emit radiation of the necessary frequency, 
thereby displacing to the right the equilibrium: — inactive molecules active 
molecules, and producing an acceleration of the reaction. If the catalyst, instead 
of emitting the necessary radiation, absorbs it, the equilibrium is displaced to 
the left and we have negative catalysis. Neither the experimental evidence 
nor the mathematical discussion has yet led to a definite acceptance or to a 
final rejection of this theory: the trend is, perhaps, somewhat favorable. It 

10 Sabatier (tr. Reid), Catalysis in Organic Chemistry, 180. 

11 J. Chem. Soc., 1916, 109, 796. 

11 Ann. Phj/a ., 1919, 11, 5. 

11 Catalysis in Theory and Practice; 2d edition, pp. 28 et eeq. 

14 Industrial Catalysis, 1928, pp. 94 et aeq. 

11 See para. 323. 
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fits in neatly with Langmuir’s view of {ulsorption and its r61e in catalysis at solid 
surfaces. 16 

326. The “ Dislocation ” Theory. Boeseken is somewhat of a “ last-ditcher ” 
in the matter of catalytic theory. According to him 17 consideration of several 
cases of the Friedel-Crafts reaction leads to the conclusion that the catalyst 
acts, not by virtue of, but despite the formation of intermediate compounds. 
The catalyst acts by activating the reacting material and different catalysts 
may activate the same substance in different ways, producing specific “ dislo- 
cations ” or temporary polarities by a kind of induction. In physical catalysis 
the effect is produced rather by alterations in the entropy of the system than by 
considerable changes in the energy of activation; in chemical catalysis the 
energy factor is the more important. 

327. Summary. The present position of the theory of catalysis at solid 
surfaoes seems to be this: — There is general agreement that catalysis at solid 
surfaces is dependent on adsorption: adsorption of this kind is due to union by 
valences and is therefore a chemical phenomenon. Most writers hold that the 
resulting compound is of continuously varying composition, i.e., it is an indefi- 
nite chemical compound, otherwise termed an adsorption complex. The high 
selectivity of solid catalysts may find its explanation in the geometric pattern 
of the distribution on the catalyst surface of active points (relatively free from 
interlocking attraction of adjacent atoms) which, combined with polar orienta- 
tion of reactant molecules on the surface, determines the posture of the cap- 
tive molecule in such a manner as to expose it to specifically effective bombard- 
ment. The radiation theory offers, although tentatively and subject to many 
reservations, an explanation of the source of the energy increment which causes 
the indirect reaction, by way of the intermediate compound, to have a higher 
velocity than the direct reaction. 

327A. When the foregoing paragraph was already in type there appeared a 
number of interesting articles on the mechanism of surface (contact) catalysis. 
Berthoud (J. Chim. phys ., 1929, 26, 120; Brit. Chem. Abst., 1929, 519A) holds 
that the introduction of a small amount of a foreign substance into a chemical 
system cannot bring about a change in the concentration of the active molecules. 
Even if such a change is assumed it does not follow that the rate of the chemical 
reaction will be accelerated. 

327B. Assuming the existence of active centers on a catalyst surface, Balandin 
(Z. Physikcd. Chem., 1929, B, 2, 289; Brit. Chem. Abst., 1929, 519A) points out 
that, if all the centers attract by preference the same part of the molecule, there 
will be no tendency for the molecule to be broken up, and adsorption without 
reaction will occur. On the other hand, if there are present various types of 
centers, some attracting one part of the molecule and some attracting another 
part, decomposition becomes possible. For actual fission to take place, how- 

11 Cf. Green, loc. cii., pp. 97-98. International Critical Tables, vol. 5, pp. 331-334, con- 
tain the infra-red absorption spectra of several hundred pure organic compounds and of a 
large number of natural mixtures, such as oils. 

17 Chem. W eekblad, 1928, *5, 135. 
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ever, the different centers must not be too remote from each other, but should 
rather be arranged in groups, each group containing one or more centers of each 
type, and for such groups the term 41 multiplets ” is proposed. Since catalyzed 
reactions usually involve a synthesis as well as a decomposition, it is suggested 
that some centers may simultaneously attract two or more parts of the same 
molecule, or the same part of several molecules, and if decomposition occurs 
cause these fragments to unite by directing their valencies one to another. 
Thus in the reaction CsH«*OH = CjH 4 + H 2 0 it may be supposed that 
active centers of one kind preferentially attract the carbon atoms of CHj-CHj- 
groups, while those of another kind attract both hydrogen and hydroxyl oxygen, 
which then unite to form water. If a foreign substance is adsorbed by one kind 
of center only, leaving the others free, the surface will be largely poisoned with- 
out its adsorptive power being very much affected, whereas a substance which 
is able to give rise to active centers of a type in which the surface is deficient 
will act as a promoter. Balandin thinks it probable that the groups of active 
centers are densely packed, constituting small surface elements which are to be 
identified with crystallization nuclei. If it is assumed that the arrangement of 
centers must be such as to correspond with the symmetry of the molecule 
in order for reaction to take place, it becomes possible to predict what 
kind of crystal lattice will catalyze a particular reaction and to calculate the 
extreme values of the distance between the various centers in order for the 
attractions to be great enough to dismember the molecule. In this way the 
theory becomes capable of accounting for many of the observations made in 
investigations of the catalytic hydrogenation and dehydrogenation of organic 
compounds. 

327C. Storch (J. Physical Chem., 1929, 33, 456; Brit. Chem. Abst., 1929, 519A) 
suggests that the function of intermediate compounds in gas-phase catalysis is 
to provide a complex, containing reactants and catalyst, of a sufficiently large 
number of degrees of freedom, so that the energy of these may be available for 
contribution to the energy of activation. The decomposition of hydrogen iodide 
at the surface of platinum, the catalytic effect of water vapor, and catalysis by 
gaseous ions are discussed in the light of this extension of the intermediate-com- 
pound theory. 

327D. Schwab and Pietsch (Z. physikal. Chem., 1928, B, 1, 385;tWd., 1929, B,2, 
262; Z. Elektrochem., 1929, 36, 135; Brit. Chem. Abst., 1929, 519A) have evolved 
a theory of the surface catalysis of gas reactions which they believe covers all that 
Langmuir’s theory of a unimolecular adsorbed film and of reaction at a homo- 
geneous surface and Taylor’s theory of “ active centers ” achieve together. For 
this purpose, it is suggested that the centers of reaction are not distributed over 
the whole surface, or located at “ active points,” but rather lie on lines which are 
phase boundaries. The adsorbed molecules are assumed to be free to move 
over the surface, but they also undergo “ adlineation,” i.e., they crowd together 
at phase boundary lines in the surface in the same way as molecules in free space 
crowd together at a surface where they are adsorbed. By applying the methods 
of the kinetic theory it is possible to deduce an expression for the number of 
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molecules adsorbed on the surface which impinge on unit length of a line in unit 
time, and this in its turn leads to the “ adlineation isotherm/' The same equa- 
tions may be arrived at from thermodynamical considerations, which also afford 
a proof of the Langmuir adsorption isotherm. By means of the new system of 
equations, formulae for the velocities of the various types of gas reactions have 
been derived, and as these prove to be of the same form as those which are appli- 
cable to reactions at bounding surfaces, the new assumption as to the seat of 
reaction appears to be justified, and may, according to its authors, be regarded 
as the basis of a truly comprehensive theory of surface catalysis. Eisner’s work 
on the adsorption of heavy metal ions on the edges of crystals (e.g., on crocoisite) 
and not on the whole surface is adduced as evidence in support of this theory of 
contact catalysis. 

318. A Nickel Hydride. 11 Anhydrous nickel chloride, on treatment with an ethereal solu- 
tion of a Grignard reagent such as magnesium phenyl bromide, reacts rapidly, forming a 
dark brown sol containing nickel in colloidal solution. This solution absorbs hydrogen 
readily, the nickel being precipitated as a flocculent, deep black sediment leaving a clear 
solution. Measurement of the volume of hydrogen absorbed indicates that a compound of 
the formula NiHi is formed, but on separating the black product and drying it in a current 
of hydrogen it was found to possess exactly the formula NiHj. On treatment with alcohol, 
the black precipitate at once begins to evolve hydrogen, although it is quite stable in contact 
with ether. This is accepted as further evidence that the usual processes of catalytic reduc- 
tion in presence of nickel are essentially chemical, due to the formation of nickel hydride 
and are not merely adsorption phenomena. 1 * 

319. Kubota and Yoehikawa 10 believe that the active, unstable hydrides in reduced 
nickel catalysts may be divided into three classes: the first and most active is able to hydro- 
genate benaene, to be poisoned by thiophene; the second can reduce ethylenic groups and is 
poisoned by ethyl sulphide; and the third is only able to reduce nitro-groups and is poisoned 
only by hydrogen sulphide. 

330. Activation of Gases by Adsorption. Taylor and Kistiakovski 11 attribute 
the activation of part of the adsorbed gas in hydrogenation reactions to the 
action of the unsatisfied valencies of the outlying atoms on the solid surface. 
They made measurements of the heats of adsorption of small quantities of gas 
on catalytic surfaces. The curves showing the relation of the heat of adsorption 
to the degree of saturation of the surface were of different types for hydrogen 
adsorbed on active copper and on a copper surface poisoned with oxygen and for 
carbon monoxide adsorbed on active copper. The theory of catalytic surfaces, 
employed in conjunction with Langmuir’s theory of adsorption, is capable of 
explaining these three types of curve, if it is assumed that only part of the sur- 
face atoms can activate the adsorbed gas molecules and that the activation is 
endothermic.” 

14 Schlenck and Weichseifelder, Ber., 1923, 56B. 2230. 

19 J. Chem. Soe. Abstr., 1924. ii. 189. For further evidence of the role of nickel hydride 
in hydrogenation see Weichaeifelder and Koaaodo, Ber., 1929, 63B, 769; Brit. Chem. Abet., 
1939, 665A. Hydridee of sodium, potassium, rubidium, caesium, calcium, strontium, lithium, 
and barium, have been proposed for catalysts in the hydrogenation of hydrocarbons or coal tars 
(French Pat. 649,976, Feb. 27. 1928, to Hugel. Paul and Boishel; Chem. 1929, 33, 3060). 

w Sex. Papers, Inst. Phys. Chem. Res., 1925, 3, 223, quoted from Reid, /. Phys. Chem., 
Aug., 1927, 1141. 

fl Z. physik. Chem., 1927, 135, 341. 

“ Brit. Chem. Abst., 1927, 426A. 
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331. Activation of Hydrogen “ Catalysis at a Distance.' 9 When hydrogen at low preesure 
(3 mm.) is passed over hot palladium, iron, or nickel, and then meets a stream of air from a 
capillary, a violet luminescence is seen and heat is evolved, or a hydrogen flame burns in 
excess of oxygen. The effect is most marked with palladium as the activating catalyst.** 

SSI. Atomic Hydrogen. Wood 14 produced atomic hydrogen and showed that it was 
capable of converting an unsaturated glyceride into a solid fat. 

Wartenberg and Schultze ** mixed atomic hydrogen with hydrocarbons (in a Dewar flask). 
The products wore frozen out for analysis at —189° to —193°. Ethylene was the only 
hydrocarbon which was hydrogenated. 

3SS. Lowering of Heat of Activation. To explain the lowering of the heat of activation 
of a reaction by a catalytic surface, Burk 16 postulates the partial breaking down of a molecule 
by adsorption at two or more points. In a molecule A-B, the partial separation of A and B 
would be accomplished by both atoms being attached to the surface, the adsorbing atoms 
being so spaced that the distance botween their points of maximum attraction intensity is 
not quite the same as the corresponding distance in the moleculo A-B. 

334. Area of Surface of Catalytic Particles. The measuration of catalytic 
particle surface and the relation between that dimension and catalytic activity 
was undertaken for platinum by Levi and Haardt. 27 The determination of par- 
ticle size (and hence area) was made by X-ray method, which was found to be 
as accurate for such particles as is the ultramicroscopic method for colloid par- 
ticles. Variation in particle size was attained by heating to different tempera- 
tures. From the weight of catalyst used, the particle size and the particle sur- 
face area, the whole catalyst area was calculated. This was collated with the 
activity shown and it was found that, other things being equal, catalytic activity 
was predominantly a function of total surface but that there w'as an upper limit. 
In the case of the decomposition of hydrogen peroxide in presence of a platinum 
catalyst, with 0.01 g. Pt and 50 cc. of dilute HiOi (5-6 g. to 1000 cc.) this upper 
limit was a surface of 3000 sq. cm. 

335. Measurement of Surface of Film Catalysts. A nickel film, electrolyti- 
cally deposited on a china clay rod coated with graphite, was activated by oxida- 
tion in air and reduction by hydrogen at 520°. The surface area per unit mass was 
calculated from the slope of the straight line obtained on plotting the conductiv- 
ity against the equivalent air thickness corresponding with the color showm by 
the partly oxidized rod. The results show that the surface of electrolytic nickel 
is 1.84 times the apparent area, and that the apparent surface may be consider- 
ably increased by reduction at 400°. 28 

336. Bowden and Rideal 29 have measured the accessible areas of silver 
platinum, carbon, and nickel cathode surfaces by measurement of the amount 

11 Polyakov, J. Ruaa. Phya. Chcm. Soc., 1927, 59, 847; Chem. Abat., 1928, IS, 3338; 
preliminary note in N aturwiaaenachaften , 1927, 10, 539; Chem. Abat., 1927, SI, 3012. 

u Proc. Roy. Soc., 1923, 10SA, 1, quoted by Taylor in The Chemical Reactions of Hydro- 
gen Atoms, J. Am. Chem. Soc., 1926, 48, 2840. 

11 Z. phyaik. Chem., 1929, Abt. B2, 1; Chem. Abat., 1929, S3, 1867. 

16 J. Phya. Chem., 1926, 30, 1134. C/., para. 318. 

17 Gau. chim. Hal., 1926, 56, 424; Chem. Abat., 1926, SO, 3624. 

** Brit. Chem. Abat., 1928, 27. The theory of the method is expounded and details of 
experimental technique given by Constable in Proc. Roy. Soc. 1928, A, 119, 196-201 and 202- 
213. For the great difference in area that may exist between surfaces apparently alike, e.g., 
otherwise similar glass surfaces: (1) washed with acid and water; (2) fire polished, i.e., sur- 
face fusod and cooled, see Latham, J. Am. Chem. Soc., 1928, 50, 2987; also Bowden and 
Rideal, next paragraph. 

m Proc. Roy. Soc., 1928, A ISO, 80. 
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of deposited hydrogen required to raise the potential by a definite increment, 
and a comparison has been made of the catalytic activities of these surfaces by 
observation of the rate of hydrogen evolution. The effects of amalgamation 
and of treatment of the surfaces by alternate oxidation and reduction, anneal- 
ing, etching with acid, electroplating, sandpapering, and rolling have been studied. 
The accessible area of bright platinum is about twice while that of platinized 
platinum is about 2000 times its apparent area. If, however, the platinum is 
deposited on a mercury surface, the area is sensibly the same as that of mercury. 
The accessible area of a sand-papered metal is about 10 times its apparent area, 
and in the case of nickel, activation by alternate oxidation and reduction causes 
an increase of nearly fivefold. Cold rolling reduces the accessible area. The 
specific catalytic activities of the various metals for the electro-deposition of 
hydrogen are found to differ very widely, but for any one metal the specific activ- 
ity of the surfaces shows only small variations with chemical or thermal treat- 
ment. The effect of alternate oxidation and reduction is chiefly to increase the 
accessible area by altering the grain size. Violent mechanical treatment, how- 
ever, although it increases the surface to a much smaller extent, increases the 
proportion of surface atoms which are out of the crystal lattice and are cataly- 
tically the most active. The increase of activity gradually diminishes with 
aging of the cathode. 10 

337. Relation of Catalyst Area and Speed of Hydrogenation. This has been 
examined by Jozsa, 11 who finds that the velocity of hydrogenation of neutral 
sunflower oil increased with concentration of catalyst for all the concentrations 
used (1-10 per cent). There is no apparent relation between the reaction rate 
and the surface area of the catalyst, determined by Mitscherlich’s method. 
When catalysts are prepared in different ways, it is improbable that, for catalysts 
with equal nickel content, the amount of active nickel present will be the same. 
In order to overcome this difficulty, a single catalyst was used, but its surface 
was varied by using it in conjunction with different carriers. A definite 
quantity of nickel formate was added to the oil, and 2 per cent of active 
charcoal. Experiments were carried out to show that the charcoal acted 
only as a carrier, the catalyst being distributed over its surface. The car- 
riers used comprised active charcoal, two varieties of animal charcoal, blood 
charcoal, infusorial earth, wood charcoal, and pumice. It was found that the 
velocity of reaction was proportional to the surface area of the catalyst, so that 
the value of a catalyst can be found by determining its surface area. 11 

338. X-ray Studies of Catalytically Active Metals. 11 Platinum, palladium and 
nickel surfaces were prepared with the glow-discharge in low pressures of hydro- 

Chem. Abat., 1928, 1Q88A. In Nature, 1928, 122, 647, Bowden gives a short 
account of this work. 

11 Z. anoew. Chem., 1928, 41 , 767. 

11 Bril. Chem. Abat., 1928, 646B. 

M Bredig and Allolio, Z. phyaik. Chem., 1927, 116 , 41; Chem. Abat., 1927, 11 , 2204. Some 
interesting observations have been made by Clark, Asbury and Wick (J. Amer. Chem. Soc., 
1926, 2661) on nickel catalysts by means of X-ray powder diffraction. Catalysts were made 
by reduction of various nickel oxides in hydrogen, in methyl alcohol, in ethyl acetate, and also 
by means of carbon. In one case a nickel powder was prepared by reduction of a nickel salt 
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account of this work. 

11 Z. anoew. Chem., 1928, 41 , 767. 

11 Bril. Chem. Abat., 1928, 646B. 

M Bredig and Allolio, Z. phyaik. Chem., 1927, 116 , 41; Chem. Abat., 1927, 11 , 2204. Some 
interesting observations have been made by Clark, Asbury and Wick (J. Amer. Chem. Soc., 
1926, 2661) on nickel catalysts by means of X-ray powder diffraction. Catalysts were made 
by reduction of various nickel oxides in hydrogen, in methyl alcohol, in ethyl acetate, and also 
by means of carbon. In one case a nickel powder was prepared by reduction of a nickel salt 
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gen. They were all inactive for the hydrogenation of ethylene. When oxygen 
is substituted for hydrogen in the preparation of the platinum and palladium, 
surfaces of high catalytic activity were obtained. The X-rays show only differ- 
ence of particle size between these surfaces of varying activity. 



Fio. 2. 

Clark, Aflbury and Wick (/. Amrr. Chem. Soc., 1929, 2661) have employed an ingenious 
method of interpretation of X-ray photographs of nickel powder catalysts. Precision photo- 
densitometer curves from the films were prepared and used to measure relative intensities 
and widths of linos. The intensities for all were found to be approximately the same and in 
fair agreement with the calculated values for a face-centered lattice. 

339. Frolich, Davidson and Fenske have made X-ray examination of meth- 
anol catalysts composed of copper and zinc. The catalysts were shown to be defi- 
nitely crystalline, with the individual crystal structure of the two components. 
The unit cell size of each constituent is strongly affected by the presence of the 
other. Definite relation was established between the nature of the reaction 
product (specific catalytic effect) and the distance between the atoms of the 
two components (c/., para. 318). Reduction (partial) of zinc oxide to metal 
was confirmed 34 (c/., para. 5324). 

340. Artificial Preparation of Specifically Selective Catalysts. Rosenmund and others 11 

in a series of interesting articles discuss the problem of adding, to a catalytic reaction mixture, 
a substance capable of influencing the direction (and hence the yield) of the reaction. They 
succeeded in solving this problem in specific cases. Thus, using palladinized barium sulphate 
catalyst, pure benzoyl chloride dissolved in pure boiling benzene, toluene or cumene, on pass- 
ing hydrogen yielded a scarcely weighable amount of benzaldehyde. But on the addition of 
any of certain substances the yield was greatly increased. The maximum yield was obtained 
by the addition of ‘'sulphured” quinoline, i.e., quinoline refluxed for five or seven hours with 
one-sixth of its weight of sulphur. The reaction stopped at the aldehyde stage. Next the 


by means of hypophosphite. (See para. 1175.) Certain investigators have endeavored to 
explain the differences existing in the behavior of nickel catalysts by a fundamental difference 
in the crystal structure of the nickel. Thus Adkins and Lazier explain the difference l>etween 
a hydrogen-reduced and an alcohol-reduced catalyst as a change in "the resultant distribu- 
tion of nickel atoms.” The measurements made by Clark, Asbury and Wick show conclu- 
sively that the structure of these catalysts, as well as those prepared by reduction with hydro- 
gen and carbon, and by mechanical pulverization, is the same, each having a face-centered 
cubic lattice of exactly the same dimensions. Differences in activity are not bo be ascribed, 
therefore, to differences in the type or dimensions of the crystal lattice. 

u Ind. Eng. Chem., 1929, 31, 109. 

11 Rosenmund and Zotzsche, Ber., 1921, 34, B, 435; Ber., 1921, 64, B, 1092; Ber., 1921, 
64, B. 2033; Idem and Hoise. Ber., 1921. 64, B, 638; Ber., 1921, 64, B, 2038; J. Chem. Soc., 
130, A. ii, 320. 393, 631; 392, 631; Chem. Abet., 1921, 16, 2435. 
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reaction was made to give mainly benzyl alcohol, as the result of working in boiling xylene 
and adding minute quantities of quinoline. By a suitable balancing of the actions of toluene 
and xanthone, the ester is the main product, without hydrocarbon formation. 

An interesting discussion on the bearing of this work on the mechanism of contact catal- 
ysis is well abstracted in the references given. The general view is in close agreement with 
that expressed by Armstrong and Hilditch, viz., that a labile complex is formed of all the 
reactants and the catalyst. 



Fig. 3. 

The X-ray method employed by Clark, Asbury and Wick (J. Amer. Chem. Soc., 1925, 
2661) does not reveal the condition of the surface of nickel catalysts. Such catalysts do not 
obey the Debye-Scherrer equation connecting line width with particle size, defined for col- 
loidal dimensions. A rough parallelism is found between decreasing line width and increasing 
catalytic activity. 

341. Mittasch* 4 in an article of general character reviews the history and the position of 
contact catalysis in 1926, both theoretical and practical. He sees no distinction which 
can be made between adsorption at a catalytic surface and intermediate compound forma- 
tion and holds that understanding of surface catalysis will come from better knowledge of 
atomic and molecular structure and of reaction kinetics. 


M D~ 


iQ26. 69B. 13: Chem. Abst .. 1926. 30, 1164. 
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357 . Hughes and Be van. Catalysis by nickel of the union of oxygen and hydrogen. 
Proc. Roy. Soc., 1027, All 7, 101. A polished nickel surface is immediately covered with an 
oxide film in presence of oxygen and hydrogen at lowest temperature at which combination 
can be detected. Significance of this phenomenon in relation to contact catalysis. Delicate 
method of detecting such a film. 

858 . Job. Intermediate reactions in catalysis. Deuxihme Cons. Chim. Inst. Intern. Chim. 
Solvay, 1920, 417. Discusses the formation, in catalysis, of unstable intermediate electronic 
complexes. 

859 . Kistiakovsky, Flosdorf and Taylor. Heats of adsorption on poisoned and heat- 
treated (copper) catalysts. J. Am. Chem. Soc., 1927, 49 , 2200; Brit. Chem. Abst., 1927, 1021. 
Results support the theory that a catalyst surface contains variablo elementary spaces and 
that adsorption, with endothermic activation, occurs on the most active spaces. 

860 . Kruger and Sacklovsky. X-ray investigation of palladium-silver alloys containing 
silver. Ann. Physik , 1925, 78 (iv), 72. Palladium-silver alloys with less than 70 per cent of 
silver will take up hydrogen, above that percentage the capacity for hydrogen is lost. 

861 . Active surface of catalysts. Kubota.® Experiments are described in which nickel 
catalysts prepared at various temperatures were used with three types of compounds, vis., 
aromatic hydrocarbons, aliphatic hydrocarbons and C-free compounds, using also a catalytic 
poison. It is concluded that catalytic nickel "consists of various inorganic ferments," and 
hydrogenating substances and that the nickel surface has a "specific" action. 

368 . Lazier and Adkins. Adsorption of ethylene and hydrogen by zinc oxide, nickel and 
copper. J. Phys. Chem., 1926, 30, 353. There is qualitative but not quantitative relation 
between total adsorption and catalytic activity. 

863 . Levi and Haardt. Catalytic action of the platinum metals and their degree of sub- 
division. AUi R. Accad. Lined, 1926 (6), 3, 91, 215; Chem. Abst., 1927, 31 , 521; Brit. Chem. 
Abst., 1926, 693 A. Granules of metals of the platinum group obtained as " blacks" have dimen- 
sions comparable with those of metals in colloidal dispersion. The larger size of the granules 
of the "spongy" forms explains the advantage of extending the catalyst on a support 
such as asbestos. 

864 . Levi and Haardt. Catalytic action considered as a surface action. Gats., 1926, 56 

424 . 

865 . Lombard. Diffusion of hydrogen through metal (nickel). J. Chim. phys., 1928, 85 , 
501; Brit. Chem. Abst., 1928, 1085A. 

866. Nikitin. Absorption of hydrogen and carbon dioxide by pyrophoric iron, nickel and 
oobalt. Z. anory. Chem., 1926, 154 , 130; Brit. Chem. Abst., 1926, 673A. 

867 . Nikitin and Sharkov. Adsorption of gases by finely disintegrated metals. J. Russ. 
Phys. Chem. Soc., 1926, 58 , 1095; Chem. Abst., 1928, 88 , 1074. Adsorption of hydrogen, car- 
bon dioxide, and ammonia by copper, lead, iron, cobalt, nickel, nickel and alumina, and silver. 

868. Olson and Meyers. Hydrogen-ethylene reaction in presence of excited mercury 
atoms. J. Amer. Chem. Soc., 1927, 49 , 3131-3134. Methane, ethane, propane, and butane 
are produced when a mixture of hydrogen and ethylene is exposed to ultraviolet light in 
presence of mercury vapor. Ethane is unaffected under similar conditions. The results 
obtained appear to indicate the intermediate formation of atomic hydrogen, methylene by 
fission of the ethylene, and ethylene activated by loss of hydrogen. It is concluded that the 
energy required for rupture of the carbon-hydrogen linking in ethylene, and the ethylene 
linking itself, is less than 4.0 volts. 40 

869 . Padoa and Foresti. Hydrogenation equilibria. Atti Accad. Lined, 1914, 38 , 11, 84. 
Nemst's heat theorem applied to two cases* 1. Hydrogenation of benzene with isopropyl 
alcohol. 2. Reduction of diethyl ketone with isopropyl alcohol. The calculation was com- 
pared with experimental results (nickel catalyst). Padoa and Foresti find that though there 
is a qualitative agreement between the two kinds of results, those from experiment are more 
accurate. 

870 . Palmer. The reduction of copper oxide by gaseous reducing agents. Trans. Am. 
Electrochem. Soc., 1927, 51 ; Chem. Abst., 1927, 31 , 1582. Adsorption of reducing gas ap- 
pears to be a necessary preliminary. With carbon monoxide the reduction goes to completion*, 
with hydrogen the water formed is adsorbed and, unless driven off, will stop the reaction. 

371 . Paul, J. Proc. Asiatic Soc., Bengal, 1922, 18 , No. 6, attributes to the glass ot the 
tube in which the reduction is effected an influence on the activity of the nickel catalyst. 

»/. Fuel Soc. Japan, 6 , 149; Chem. Centr. 1927, 11 , 1536. 

40 Brit. Chem. Abst., 1928, 150A. 
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372. Pease and Harris. Catalytic combination of ethylene and hydrogen in presence of 
metallic copper. Kinetics at 100° and 200° C., temperature coefficient between 0° and 200° C. # 
J. Amer. Chem. Soc., 1927, 49, 2503-2510. The reaction is very nearly bimolecular at 220°; 
at 100° C. t between the ethylene partial pressures of and atmosphere, it is unimolecular 
with respect to hydrogen and of zero order with respect to ethylene. The reaction rates were 
measured between 0° and 220°; the conventional expression for the heat of activation applies 
from 0° to 100° C., but above this the temperature coefficient and therefore the heat of activa- 
tion decreases. The kinetics of the reaction, which is interpreted on the basis of Langmuir s 
adsorption theory, is similar to that of the hydrogen-oxygen reaction in the presence of plati- 
num. 

373. Poljakov. Activation of hydrogen by the catalytic action of metals. J. Russ. 
Phys.-Chem. Soc., 1927, 59, 847. 

374. Polanyi. Theory of wall reactions. Chem. Rund. MiUcleuropa Balkan , 1927, 4, 160; 
Brit. Chem. Abst., 1928, 718A. 

376. Rice. The catalytic activity of dust particles. J. Am. Chem. Soc., 1926, 48, 2099. 
It is put forward that many reactions are catalyzed by dust and that this is the explanation 
of the capriciousness observed. Also, reactions hitherto regarded as instances of wall catalysis 
are, in fact, dust catalyses: the “dust” may consist of motes detached from the wall. Dust- 
free hydrogen peroxide, in 50 per cent aqueous solution, kept in a freshly made (i.e., recently 
fused) quartz or Pyrex vessel and without any inhibitor (negative catalyst) was kept several 
months at 60° C. before half of its peroxide strength was lost. The best preparation, with 
an inhibitor, but without the precautions against dust and wall catalysis, lost half its strength 
in five days. 

376. Rideal. Developments resulting from the theory of catalytic phenomena in hetero- 
geneous reactions. Deuxibnc Cons. Chim. Inst. Intern. Chim. Solvay, 1926, 454. General 
discussion of the consequences of the work of Rayleigh, Hardy, Langmuir and others showing 
that the seat of catalytic activity is in the film of reactants adsorbed at the catalyst surface. 

377. Idem. Catalytic Actions. Chem. Reviews , 1928, 5, 67. Critical discussion of recent 
views on catalytic mechanism. 

378. Scanavy-Grigorieva. Active hydrogen. Z. anorg. Chem., 1926, 169, 55. Hydrogen 
"activated” by passage over glowing metals always contained hydrogen sulphide, whether 
it was led over sulphur or not : the sulphur in the latter case was absorbed from the atmosphere. 
Therefore the mere presence of hydrogen sulphide is not conclusive evidence of activation. 

379. Schmidt. Theory of sorption: mechanism of heterogeneous catalysis. Z. physik. 
Chem., 1928, 133, 263. 

380. Schwab and Pietsch. Contact catalysis and the activation of gases by adsorption. 
Z. physik. Chem., 1926, 126, 473. Controversial. Claims priority in idea of activation by 
adsorption for Polyani, Taylor and Kistiakowsky having attributed it to Hinshelwood. 

881. Sen. Chemical nature of adsorption. Biockem. Z., 1926, 169, 192. 

882. Shukov. Metallic nitrides and hydrides. Ann. Inst. Anal. Phys. Chem., 1927, 3, 
600. Palladium is said to form a hydride and probably rhodium does so but not iridium. 
Equilibrium pressures for hydrogen in contact with metals at various temperatures. 

383. Spitalsky and Kagan. Heterogeneous Catalysis and Electrochemical Polarization. 
Ber., 1926. 59, 2900. 

884. Steacie and Johnson. Solubility of hydrogen in silver. Proc. Roy. Soc., 1928, A, 
217. 662; Chem. Abst., 1928, 22, 1262. 

886 . Tammann and Schneider. Relationship !>etwecn crystal orientation and rate of 
adsorption of hydrogen on palladium, iron and nickel. Z. anorg. allgem. Chem., 1928, 172, 
43; Chem. Abst., 1928, 22, 3813: Brit. Chem. Abst., 1928, 701A. 

886. Taylor. Catalysis — An Industrial Development. Ind. Eng. Chem., 1926, 18, 958. 
A review. 

887. Underwood. Studies in catalysis. Proc. Nat. Acad. Sci., 1925, 11, 78. Investiga- 
tion of stabilizing action of a large number of negative catalysts for chloroform. Use of 
inhibitors to prevent fading of dyes. Note. — The inhibitors used were phenol and resorcinol 
which figure prominently as anti-oxidants. 41 

388. Willstatter. Our knowledge of catalysis. Z. Ver. deul. Ing., 1928, 72, 901. A 
review. 

389. Willstatter, Seitz and Bumm. Hydrogenation with sodium amalgam. Ber., 1 928, 
61B, 871. Study of conditions: comparison and contrast with catalytic hydrogenation. 

41 Moureu and Dufraisse. Chem. and Ind., 1928, 47, 819. 
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CONDITIONS OF HYDROGENATION 

Temperature 

400 . For each compound there usually exists a well-defined range of tem- 
perature within which hydrogen is effectively added. Somewhere in this tem- 
perature interval lies the mean effective temperature, that is the temperature 
of maximum saturation velocity. For a number of fatty oils this approximates 
180° C. or 356° F. with a nickel catalyst. As a rule hydrogenation is acceler- 
ated by a given temperature rise from below the mean effective temperature 
more than it is retarded by the same temperature increase above this point. 
In operation on the large scale it is, therefore, better to err by maintaining the 
oil slightly above rather than below the mean effective temperature, unless of 
course a lower temperature is prescribed because of the character of the oil. 
Rapidity of treatment often is desired especially in edible oils where protracted 
contact writh the catalyst introduces the danger of solution of the metallic mate- 
rial in the oil to an objectionable degree. The range of temperature mentioned 
above varies with each type of catalyst. Platinum and palladium may be used 
between room temperature and 100° C.; nickel between 150° C. and 200° C.; 
nickel oxide and copper at about 200° C. and upwards, depending on the physi- 
cal and chemical constitution of the catalyst. 1 

401 . Within certain limits the hydrogenation reaction has a considerable 
normal temperature coefficient as is shown in Maxted’s tables in para. 403. 
But there is occasionally manifested an increase in reaction velocity, caused by 
increasing the operating temperature, which is in excess of the normal. This 
finds its explanation in the removal from the catalyst surface of adsorbed tem- 
porary poisons. The temperature coefficient of a hydrogenation poisoned by a 
temporary poison will be abnormally high.* Eventually, a temperature may 
be reached at which the poisonous product will remain on the catalyst surface 
only the length of time that is taken up by the completion of the catalyzed 
reaction of which it is a product. In other words it will no longer retard the 
reaction. There are many instances w'hich exhibit this temporary poisoning 
diminishing with increase of temperature. One that has been carefully studied 

1 Ipatiev ( Chan . Ztg. 9 1914, 374) noted commencement of hydrogenation of fatty acids 
with nickel at 150° C. and with nickel oxide at 230° C. Others have obtained hydrogenation 
with nickel at much lower temperatures. See Maxted’s tables, para. 403 for glycerides. 

* Lewis, J. Chan. Soc ., 1919, 115, 182. 
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is reported in the paper by Dougherty and Taylor,* referred to in para. 722. 
Carbon monoxide had a strong poisoning effect on the vapor phase hydrogena- 
tion of benzene over nickel at 100° C., but the effect greatly diminished as the 
temperature was raised. 4 

402. In respect of the hydrogenation of fatty oils this matter of the influ- 
ence of temperature has been investigated carefully by Maxted * and the fol- 
lowing is quoted from his article on “ The manufacture of pure hydrogen and the 
catalytic hydrogenation of oils.” 


403 . In many of the earlier plants, particularly those in which nickel oxide was used in 
place of nickel, a relatively high reaction temperature (200°- 250° C.) was employed. It has, 
however, now long been recognised that relatively high temperatures influence adversely, 
both the quality of the product and the speed of reaction. The optimum working tempera- 
ture will depend to a large degree on the nature of the nickel catalyst employed and on the 
oil to be treated, particularly in view of the fact that certain of the catalyst poisons appear to 
be less toxic at high temperatures, this factor tending to compensate for the decreased reac- 
tion velocity due to a temperature above the optimum point. 

The following comparative figures, relating to the influence of temperature on the velocity, 
were obtained with refined olive oil under laboratory conditions. The volume of oil taken 
for each test was 10 cc., the catalyst consisting of 0.1 g. of nickel, reduced at 300° C. 


Cc. of Hydrogen Absorbed at 


in 

Mins. 

80° 

100° 

120° 

140° 

160° 

180° 

200° 

225° 

250° 

1 

0.9 

7.4 

17.5 

28.0 

32.0 

31.8 

28.8 

18.0 

7.7 

2 

1.9 

14.8 

35.0 

54 5 

63.0 

60.3 

53.5 

32 5 

13.8 

3 

2.8 

22 5 

53 0 

79.5 

91.5 

84.3 

73.5 

43 0 

19.0 

4 

3.7 

30.0 

70.0 

104.0 

116.5 

104.5 

90.0 

51.3 

24.0 

5 

4.7 

37.9 

87 0 

128.0 

140.5 

120.8 

103 0 

58 5 

28.5 

10 

10 4 

78.8 

167.0 

228.0 

238.0 

182 0 

152.5 

88.1 

45.8 

15 

17.1 

119.6 

237.5 

305 0 

309.0 

224.5 

187.0 

111.5 

59.0 

20 

25.0 

159.0 

301.0 

368 0 

369.0 

260.0 

219.5 

133.7 

68.0 

25 

35 0 

195.2 

350.0 

419.5 

414.5 

292.0 

246.0 

152.7 

75.7 

30 

44 5 

Hi 

395.5 

465.0 

455.0 

323.5 

271.0 

168. 0 

80.0 


404 . On plotting these figures graphically against the time, it is found that each of the 
graphs, with the important exception of those at comparatively low temperatures, such as 
80° and 100°, is curved in form. At relatively low temperatures, with pure substances, the 
activity of the catalyst usually increases somewhat after this has been used for a short time, 
probably owing to the catalytic reduction of the nickel oxide usually contained in nickel 
catalysts. This phenomenon is exemplified by the course of the reaction at 80° in the above 
table. 

405 . With reactions of this nature, assuming that the activity of a catalyst is to be meas- 
ured by the effect produced by it, the simplest method for obtaining comparative figures for 
the relative activity of the nickel under given conditions is to assume this to be proportional 
to the initial velocity of absorption of hydrogen, a value which is easily obtained by differ- 
entiation from the equation to the reaction curve. The following table contains the results 
of the preceding table treated in this way. 

* Studies in the hydrogenation of benzene, J. Phyn. Chem. % 1923, 27 , p. 548. 

4 With large quantities of CO (50 per cent) the reaction was stopped even at 180° C. 

1 J.S.C.7., 1921. 40 , 169T. 
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Temperature, 
Degrees C. 

Relative Activity 
of Catalyst 

80 

1.0 

100 

7.8 

120 

17.5 

140 

28.5 

160 

34.0 

180 

35.0 

200 

32.0 

225 

21.0 

250 

8.5 


406 . If the above results are plotted graphically, it will bo found that the temperature of 
maximum activity appears to be about 175° C. The velocity of reaction is appreciable even 
at 80°, while at 100° it is sufficient for this temperature to be used for efficient hardening. 
This result is opposed to many of the earlier publications; for instance, Ipafiev (Chem. Zeil., 
1914, 39 , 374) stated that reaction between hydrogen and oil in the presence of nickel only 
begins at 150° C. The linear form of the reaction curves at low temperatures is well seen if 
the figures of table, para. 403, for 100°, 160°, and 200° C., are plotted. It has been shown 
elsewhere (Chem. Soc. Trans., 1920, 117 , 1501; 1921, 119 , 225) that the addition of fixed 
amounts — i.e., of amounts which do not increase during tho progress of hardening — of many 
catalyst poisons has little effect on the curvature of the absorption graph, although the speed 
of reaction is of course decreased thereby, and it would thus appear highly probable, from 
tho difference in curvature obtained with nickel at low and high temperatures respectively, 
that catalyst poisons which cause curvature and a corresponding decrease in the activity of 
the catalyst are produced during the hardening operation itself when carried out at relatively 
high temperatures. The employment of temperatures in the region of 100° C. is only possible 
with relatively pure oils. 

Maxted further states that with most oils, of average commercial quality, a somewhat 
higher reaction temperature is rendered necessary by the catalyst poisons in the oil itself, and 
it is his ordinary plant practice to begin hardening at about 120°- 130° C., the temperature 
rising subsequently, by virtue of the heat of reaction, to a maximum of about 160° C. 

407. Hitherto we have dealt with temperature variation a a affecting only 
the reaction rate and the resistance to temporary poisons. Such are, indeed, 
the only sensible effects in most hydrogenations, within the hydrogenation 
range of temperature. There are, however, temperature effects of another 
order. The first is the change in the equilibrium of a reversible hydrogenation 
^ dehydrogenation reaction, which at certain temperatures tends towards 
hydrogenation, while at others dehydrogenation predominates. The second 
class of temperature effect mentioned is a directive effect — sometimes this is 
merely another aspect of dehydrogenation. 

408 . Hydrocarbons of the benzene scries and terpenes when passed with hydrogen over 
nickel at 180° C. are hydrogenated, but if the temperature is raised to 350°-360° C. dehydro- 
genation occurs. Thus, at the higher temperature, pinene, limoneno, and camphene yield a 
mixture of cymene with some cumene; menthene gives cymene; cyclohexene at 300° C. gives 
benzene. The reaction may also be applied to oxygenated derivatives of the hydrocarbons. 
Cyclohexanol yields phenol; pulegone gives a mixture of cresol and thymol; eucalyptol, terpin 
and terpineol undergo dehydration as well as dehydrogenation. The mixture obtained by 
the destructive distillation of oil of turpentine, which is poor in benzenoid hydrocarbons, 
when passed with hydrogen over nickel at 350°-360° C., gives a liquid in which the propor- 
tion of benzenoid hydrocarbons is notably increased.* 

• Sabatier and Gaudion, Compt. rend., 1919, 168 , 670; J.S.C.I., 1919, 338A. 
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409. Of the directive effect of temperature instances may be culled from the 
section on hydrogenation of organic compounds. It will be seen that this tem- 
perature effect is often either a breaking up of the products of hydrogenation, 
or a partial dehydrogenation, controlled by the presence of a hydrogen atmos- 
phere. 

410. Phorone, (CHi)iC:CH CO CH:C(CHi) t , hydrogenated over nickel at 
160°-170° C. is completely converted to di-isobutyl ketone (iso-valerone). 7 
Reduced at 225° C. for five hours in a current of hydrogen there is a 65 per cent 
yield of the ketone; at 235° C. there appear an unsaturated hydrocarbon, di-iso- 
butylcarbinol and beta-zeta-dimethylheptane. 8 * 

Styrene, C*H|CH:CH», at 300° C., over nickel, yields ethyl benzene, 
CtHtCsHt; at 180° ethylcyclohexane is produced. 8 

411. Hydrogenation at room temperature with nickel catalyst. Kelber 10 
has prepared a nickel catalyst capable of acting in hydrogenations at room tem- 
perature, e.g., in reduction of cinnamic acid. He precipitates nickel hydroxide 
on an inert support and reduces at a low temperature. Tom aka 11 * * confirms 
and extends these observations but states that the operation is slow and that the 
method demands a high degree of purity in the reactants. Rarely is a highly 
active catalyst also robust. 

412. The relation between the temperature and the activity of nickel in 
catalyzing the reduction by hydrogen of ethylene to ethane, benzene to cyclo- 
hexane, and oxygen to water has been studied by following the pressure within 
a closed vessel containing the reactants and the catalyst when the temperature 
is gradually raised. It is found that with rising temperature there is a series 
of small temperature intervals in which there are sudden rapid increases in the 
reaction velocity, one of which is much the greatest and can be regarded as the 
transition from slow catalysis to rapid catalysis. The temperatures at which 
these effects commence are approximately the same, independent of the nature 
of the reaction and of the way in which the catalyst is prepared. In some cases, 
the reaction velocity passes through a series of minima. If the same catalyst 
is used for a consecutive series of reduction of ethylene or benzene not sepa- 
rated by any intervals, the temperature at which rapid catalysis commences 
gradually falls. Keeping the catalyst in an atmosphere of hydrogen or using 
it for the water synthesis has the reverse effect. No complete explanation of the 
observed phenomena can be advanced, but it is suggested that the temperatures 
at which sudden increases in reaction velocity occur may correspond with some 
kind of transitions in the catalyst. 1 * 

413. Selectivity by Phase. Lush 18 found that in the hydrogenation of 
naphthalene with a nickel catalyst, in the vapor phase only tetralin could be 

7 Sabatier and Mailhe, Ann. Chim. Phys ., 1909 (8), 16, 73. 

8 Skita, et al., Ber., 1908. 41, 2938; J. Chem . Soc., 1908. 94, 855A. 

• Sabatier (tr. Reid), Catalyaia in Org. Chem., 362. 

10 Ber .. 1916. 49, 56. 

11 Chem. ZlQ. % 1924. 4B, 25. 

11 Thoren. Z. anory. Chem., 1927, 163, 367; Brit. Chem. Ab*i., 1927. 839A. 

11 J.S.C.I., 1927, 454T. 
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formed, whereas in the liquid phase decalin was produced. The total hydrogen 
absorbed was independent of the relative proportion of tetralin and decalin 
made. See paragraphs 4113 and 4120. 

Pressure 

414. Influence of the Hydrogen Pressure. The majority of hydrogenations 
will proceed at atmospheric pressure, though, even in such cases, there is some- 
times a convenience in working at plus pressures. There are reactions whose 
direction may be controlled by increasing the pressure. This is typically the 
case where unsaturated side-chains are attached to nuclei, also susceptible of, 
but more resistant to hydrogenation. There are, again, hydrogenations for 
which no catalysts capable of acting at low pressures have been found: typical 
examples of these will be found among the carbon monoxide syntheses that 
have sprung into industrial prominence. 

415. In the hydrogenation of phenol in the liquid phase at 150° C. with a 
nickel catalyst, the formation of cyclohexanol is very slow at atmospheric pres- 
sure, but is rapid and complete under 15 atmospheres of hydrogen pressure, at 
the same temperature. 14 

416. The studies of Armstrong and Hilditch 16 on the influence of variation 
in the hydrogen pressure on hydrogenation at solid catalytic surfaces were con- 
ducted with great care and are more systematic than most of the other work 
reported. The outcome is that the velocity of hydrogenation is directly propor- 
tional to the hydrogen pressure, in the absence of disturbing factors. Among 
disturbing factors that have been recognized some are obvious (when once 
pointed out!) others are latent. Obvious influences are: the presence of slowly 
acting permanent catalyst poisons and the accumulation of gaseous impurities 
(acting as diluents) in the gas space. Less obvious is the preferential adsorp- 
tion of gaseous impurities at the catalyst surface. Latent, that is hardly pre- 
dictable, is, for example, the effect produced when the unsaturated compound 
contains a group not susceptible of hydrogenation but having an affinity for 
nickel. This effect consists in an augmentation of the influence of increase in 
the hydrogen pressure. In the presence of such a group the hydrogenation rate 
for a given pressure is accelerated. Among compounds exhibiting this phe- 
nomenon may be cited unsaturated alcohols and unsaturated carboxylic acids. 

417. The unregarded existence and development during the operation of the 
disturbing factors which lead to a retardation of hydrogenation is suggested in 
explanation of the numerous instances in which earlier workers have found, not 
linear hydrogen-time curves, but curves suggestive of unimolecular reactions. 1 * 

418. In the article already quoted 17 Maxted reports experiments made to 

14 Broohet, Bull. Soc. Chim., 1914 (4), 15, 588; cf. idem, Compt. rend., 1914, 158, 1352, a 
discussion of the effect of temperature and pressure on hydrogenation. 

14 Proc. Roy. Soc., 1921, 100A, 240. 

14 Fokin, Zeitsch. anyew. Chcm., 1908, 88, 1451, 1492; Moore (H. K.), Richter and van 
Ardsdel, lnd. Eny. Chem., 1917, 9, 451 ; Ueno. J. Chem. Ind. (Tokyo), 1918. 81, 749; Ubbelohdo 
and Svanoe, Zeitsch. anyew. Chem ., 1919, 38, 257, 269, 276; J.S.C.I., 1920. 39, 120. 

17 Para. 402. 
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determine the influence of variations in the hydrogen pressure on the velocity 
of hydrogenation of fatty oils. 


419 . The apparatus consisted of the usual shaker, in which, however, the measuring 
burettes were replaced by a closed manometer. The whole apparatus was filled with hydro- 
gen at an increased pressure, and, on shaking in the usual way, the absorption could be fol- 
lowed by the drop in pressure indicated by the manometer. For the sake of simplicity, the 
reaction was carried out at 100° C., the course under these conditions, with the catalyst and 
oil employed being, os already stated, linear when allowed to proceed without a variation in 
pressure. 

420 . If v represents the volume in cubic centimeters of hydrogen absorbed after t minutes, 
and if the rate of absorption is, for the moment, assumed to vary as the nth power of the 
pressure. 


P*'dt 


k 


where A: is a constant. 

421 . From the manometer readings at various intervals of time it is, as already stated, 
easily possible to calculate the progress of absorption with the time, and, by differentiating 
the equations connecting these two quantities, the relative values of dv/dt corresponding to 
the various pressures are readily obtained. 

422 . The table below summarizes the results of a typical experiment with a varying 
pressure in a closed system of this sort. The striking constancy of the constant k % which 
has been calculated for n = 1 in the above equation, would appear to demonstrate beyond 
doubt that the rate of absorption of hydrogen at a constant temperature varies directly as 
the pressure: 


Time in 
Minutes 

Cc. 

Hydrogen 

Absorbod 

Pressure in 
Atmospheres 

dv 

It 

k 

(n = 1) 

0 

0 

2.06 

15.66 

7.60 

1 

15 0 

1.915 

14 61 

7.64 

2 

29.5 

1.785 

13.60 

7.62 

3 

42 5 

1.65 

12.63 

7.63 

4 

54 5 

1.53 

11.70 

7.64 

5 

65.0 

1.42 

10.82 

7.63 

6 

75.5 

1.32 

10. 03 

7.61 

7 

85.0 

1.23 

9.17 

7.47 

8 

94.5 

1.14 

8.40 

7.36 

9 

103.5 

1.05 

7.72 

7.35 

10 

111.5 

0.97 

7.00 

7.22 


423. Catalytic Hydrogenation at Reduced Pressures. Grignard 18 has stud- 
ied the catalytic hydrogenation of organic substances at low pressures, using 
nickel, copper, platinum-black, and platinum oxide as catalysts, with pumice 
as a supporting material. It is possible, by adjusting the pressure and tempera- 
ture, to stop catalytic hydrogenations at the first stage, and to eliminate all 
secondary changes. In this way ethylenic alcohols such as the methylheptenols 
are quantitatively converted into the corresponding saturated hydrocarbons. 
Phenol is reduced to cyclohexenol, acid chlorides to the corresponding alde- 
hydes, and benzaldehyde to benzyl alcohol. The reduction of nitriles can be 
stopped at the aldiraine stage. Benzonitrile gave benzaldimine. Phenylace- 
tonitrile is completely reduced at 200°/220 mm. to phenylacetaldimine. Under 

18 Bull. Soc. Chim. Belo ., 1928, 37, 41. 
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certain conditions, phenylacetonitrile is partly hydrogenated to a crystalline 
solid of m.p. 128-130°. 19 

Stirring 

424. Catalyst Concentration, Stirring and Reactant Concentration. The 

influence of these factors on the reaction rate was studied by Lietz 20 in the 
hydrogenation of sodium cinnarnate over nickel. It was found that the velocity 
was proportional to the concentration of the catalyst and to the rate of stirring. 
It was independent of the concentration of sodium cinnarnate. Lietz concludes 
that the reaction velocity is determined by the rate of diffusion of the hydrogen. 

426. Effect of High-speed Stirring. This has been studied for the hydro- 
genation of cottonseed oil over nickel by Milligan and Reid. 21 Their conclusion 
is that the reaction rate is nearly proportional to the speed of stirring. The 
speed of stirring they used was about 13,000 r.p.m. The time of experiment 
was very short, so that the amount of absorption obtained by simply bubbling 
the gas through the mixture, without stirring, was negligible. 

19 Brit. Chem. Abat., 1928, 521 A. See also Grignard and Mingasson; Escourrou. 

20 prakt. Chem., 1924 (2). 108, 52. 

21 lnd. Ena. Chem., 1923, 15, 1048. 



CHAPTER V 


POISONS AND INHIBITORS 

Catalyst Poisons 

600. When dealing with negative catalysis we adverted to the subject of 
the poisoning of catalysts. A catalyst poison is a substance which inhibits, par- 
tially or completely, the activity of a catalyst. 

This effect attracted the attention of the earliest workers on catalytic chemis- 
try. Faraday, studying the combination of hydrogen and oxygen in presence 
of his platinum plates, noted that the addition of certain foreign gases caused a 
slowing up of the action. Nor was this retardation due merely to dilution, as was 
shown by the fact that the efFect was not quantitatively the same for all gases. 
Carbon monoxide was one of the most important catalyst poisons discovered by 
Faraday. 

601. In the chronology of early discoveries in catalysis, we recorded the fact 
that in 1831 a Bristol manufacturer named Phillips took out a British patent for 
the production of sulphur trioxide by the air oxidation of sulphur dioxide over 
platinum. This method of making sulphuric acid, now of great commercial 
importance, did not become an industrial success until ways were discovered of 
removing arsenical and other catalyst poisons from the pyrites-burner gases. 

602. Not a few investigators, and among them the most eminent, have treated 
catalyst poisoning as a special case of negative catalysis. Some have, admittedly, 
done this for reasons of convenience: others evidently regard this classification 
as correct. 

It is difficult to understand the view's of these last. If we are to assemble 
catalyst poisons into one class, we cannot well make it a subdivision of negative 
catalysts. Opinions differ as to what are the criteria of a catalyst: but there is 
an irreducible minimum upon which all agree. No one disputes that (side reac- 
tions apart) a catalyst is chemically unchanged at the end of the reaction. Now 
a large number of catalyst poisons react with the catalyst to form compounds 
which are of the “ permanent ” class. Such poisons would be aliens in any 
group of catalysts, positive or negative. 

603. The small quantities of some catalyst poisons which suffice to produce 
inhibitory effects have influenced various writers to assimilate them all to nega- 
tive catalysts. But a little reflection will show that the analogy is fallacious. 
A poison may be small in proportion to the reactants whose interaction it inhibits, 
and yet not so small in comparison with the material on w'hich it really acts 
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viz., the active area of the catalyst surface. Nor should it be forgotten that the 
poison produces its effect by a single intervention at the catalyst. This is in 
strong contrast with the characteristically repetitive action of a true catalyst. 

604. The bullet of Serajevo was infinitesimal in comparison with the cata- 
clysm it let loose on the world: but its mass was large in comparison with that of 
the vital structures that it severed in its single passage. 

606. Poisons may be either permanent or transitory. When a permanent 
poison has impaired the activity of a catalyst, the latter must be regenerated or 
replaced. In the case of a temporary poison the continuance of the process may 
lead to its elimination. 

506. Hydrogen sulphide is a permanent poison to the nickel catalyst used in so many 
important hydrogenations. It combines with the metal with the formation of the inert sul- 
phide. which is stable under the conditions. 

507. Silicon compounds, present in the ammonia-air mixture, permanently poison the 
platinum gauze used to catalyze the oxidation of ammonia. In this instance the effect is 
grossly mechanical, being due to the deposit of a layer of silica which shuts off the platinum 
surface from contact with the reactant gases. 

508. Water is a transitory poison to the iron catalyst in ammonia synthesis. 


609. The problems of catalyst poisoning are of great practical importance, 
both in the laboratory and in the factory, and, especially, in the stage of transi- 
tion between a satisfactory laboratory solution of a problem and its industrial 
application in the factory. 

610. In the laboratory one of the occasional difficulties is due to the extreme 
sensitiveness of some catalysts which causes them to be completely inhibited by 
mere traces of an obscure impurity. 

611. Berliner showed that traces of fatty vapors from the air or from the 
grease on the stopcocks decreased the adsorption of hydrogen by palladium 
from nine hundred volumes to zero. Pollard observed a like diminution in the 
adsorption by platinized asbestos from about one hundred and forty volumes 
to a negligible amount. 1 It has been shown in the section on the theory of catal- 
ysis that there is an intimate relation between adsorption and catalytic activity. 

612. Even more remarkable is the action of minute traces of poisons in 
abolishing, not all the activity of a catalyst, but only its power to catalyze a 
special reaction. Such an effect may be called a directive poisoning. It is a poi- 
soning of the reactants, perhaps of the reaction, rather than of the catalyst. 

613. Sabatier found that benzene containing scarcely detectable traces of 
thiophene could not be catalytically hydrogenated to cyclohexane. Kubota and 
Yoshikawa 1 were able to confirm this inhibitory action of thiophene, 1 but the 
nickel catalyst, so poisoned, was still active for the hydrogenation of phorone. 

614. Nickel used to hydrogenate phenol for only a day or two will still hydrogenate 
cresol, but after a month’s use on phenol, it is inactive on cresol, though still active on phenol. 
The activity for cresol can be regenerated by oxidizing the catalyst and then reducing it. 


1 First Report of the Committee on Contact Catalysis, 1922, p. 19. 

1 Set. Papers Inst. Phys. Chem. Res. (Japan), 1925, 3, 33. 

1 C/. Ardagh and Furber, Removal of thiophene from benzene, J.S.C.I . , 1929, 48, 73T. 
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616. Although the action of poisons is one of the best understood parts of 
the catalysis problem, nevertheless the selective action of poisons is in some 
instances unpredictable to the verge of sheer capriciousness. Thus Sabatier 
and Espil were able to hydrogenate benzene containing 10 per cent of carbon 
disulphide, though a mere trace of thiophene instantly stopped the reaction. 4 * 

616. The sensitiveness to poisoning of some otherwise suitable catalysts 
renders them unutilizable on the large scale. 

617. In the ammonia synthesis, using uranium carbide (which changes to 
nitride) as catalyst, water vapor, oxygen and monoxide are permanent poisons. 
The nitride is converted to an irreducible uranium oxide, catalytically inert. 
This precludes the use of an otherwise excellent catalyst in ammonia synthesis. 

618. Concerning the phenomena of catalytic poisons, Bancroft 6 remarks that 
the adsorption of reacting substances and consequently reaction velocity are 
decreased by the presence on the solid catalytic agent, of a film of solid, liquid, 
or gas. Very small amounts of grease will keep palladium from taking up hydro- 
gen. Carbon monoxide may act as a catalytic poison by decreasing the adsorp- 
tion of other substances. It is very tenaciously held by platinum. Reaction 
products may decrease reaction velocity by hindering diffusion of reacting sub- 
stances to the catalytic agent and by decreasing their adsorption. 

619. Pease and Stewart 6 have made quantitative measurements of the 
influence of carbon monoxide on the activity of a copper catalyst towards a mix- 
ture of ethylene and hydrogen at 0°. They find that the catalyst is very sensi- 
tive to the poison, less than 0.05 cc. of carbon monoxide being sufficient to 
reduce the catalytic efficiency of 100 g. of copper by 90 per cent. It appears that 
the metallic surface owes 90 per cent of its efficiency as a catalyst to less than 
1 per cent of the regions which are active in adsorption. Adsorption measure- 
ments, even at pressures as low as 1 mm., furnish no trustworthy index of cata- 
lytic activity for hydrogenation catalysts. Carbon monoxide is a “ temporary ” 
poison, pumping out at 250° being sufficient to restore the activity of thecatalyst. 7 

620. Kelber has found that nickel catalysts made in different ways behave 
entirely differently, in reducing reactions, toward contact poisons such as hydro- 
cyanic acid or potassium cyanide, hydrogen sulphide and carbon bisulphide. 8 

021 . The following catalysts (a) from basic nickel carbonate reduced at 450° in hydrogen 
(6) from basic nickel carbonate reduced in hydrogen at 310° and (c) from basic nickel car- 
bonate on inorganic carriers reduced in hydrogen at 450°, show a sensitiveness to these poisons, 
decreasing in the order (a), (6) and (c). This is believed to be duo to the fact that the high 
temperature at which (a) is prepared changes the surface of the individual particles of the 
catalyst so that there remain only a few points on these particles which are capable of adding 
hydrogen and acting as a carrier of it, and these points, being more reactive than the rest 
of the nickel are the first to act on the poison, so that relatively small amounts of the latter 
are able to i>oison the whole of the catalyst. The lower temperature used in preparing (6) 

4 Sabatier (tr. Reid), loc. cit., 114 .. 

b J. Phya. Chcm., 1917, 21 , 734; Chcm. Abst., 1918, 12 , 328. 

6 J. Amcr. Chcm. Soc. t 1925, 47 , 1235. 

7 Cf. Constable. Effect of continued small additions of poisonous substances on the 
velocity of gaseous catalytic reactions in closed vessels. Proc. Comb. Phil. Soc. t 1927, 23 , 
832. Theoretical discussion on and corollaries to Pease and Stewart, loc. ext. 

1 Ber., 1916, 49 , 1868. 
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loaves more of these active spots, while in (c) the presence of the inorganic skeleton doubtless 
hinders the change in the surface of the catalyst. The experiments were carried out at room 
temperature under atmospheric pressure in a shaking apparatus, 0.5 g. of the metal being 
shaken twenty minutes with the poison in 25 cc. water in a hydrogen atmosphere, then 
treated with sodium cinnamatc (0.75 g. acid and somewhat more than the calculated 
amount of caustic soda in 25 cc. water) and the absorption of hydrogen measured every five 
minutes. 

632. Below are given the per cent of its original value to which the reducing power of the 
3 catalysts is decreased by varying amounts of the different substances in the first fifteen 
minutes. Potassium cyanide: (a) 0.00005 g., 45 per cent; 0.0003 g., 2 per cent; (6) 0.0003 g., 
55 per cent; 0.001 g., 0 per cent; (c) 0.002 g., 25 per cent; 0.02 g., 2 per cent. (It is not clear 
in the original whether the amounts given above represent the weights of potassium cyanide 
used or the amounts of hydrocyanic acid equivalent to the salt used.) Hydrocyanic acid: 
(a) 0.0005 g., 63 per cent; 0.002 g., 1 per cent; (6) 0.001 g., 50 per cent; 0.005 g., 0 per cent. 
Traces of alkalies give entirely different values and as (c) could not bo entirely freed of alkalies 
it was not used in this series. The small "toxity” of hydrocyanic acid as compared with 
potassium cyanide is ascribed to the rapid change of hydrocyanic acid in the presence of 
nickel and hydrogen; the catalysts poisoned with hydrocyanic acid retain only traces of the 
poison, whereas with potassium cyanide, the catalyzer shows large amounts of the poison, 
although in a changed form. To test the effect of hydrocyanic acid, potassium cyanide 
and nickel cyanide on the catalyst, (6), after saturation with hydrogen was shaken in hydro- 
gen to constancy of volume with definite amounts of solutions of the 3 substances, filtered, 
and the poison determined in the solid and the filtrate; the filtrate was found to be free from 
hydrocyanic acid but to be strongly alkaline and contain ammonia, probably produced by a 
catalytic reduction of hydrocyanic acid or a nickel cyanide compound, as several cubic centi- 
meters of hydrogen were always used up; the solid nickel, when dissolved in sulphuric acid 
and heated with alkali, gave a distillate containing ammonia; no amines, or only traces at 
most, were found in the solid or filtrate. A catalyst poisoned with potassium cyanido, then 
filtered and washed with water, does not recover its activity, but this can be restored by 
treating once with hydrogen and warming with ammonia, or, best, by boiling with caustic 
soda. 

Hydrogen sulphide: (a) 0.001 g., 25 per cent; 0.005 g., 1 per cent; (6) 0.01 g., 15 per cent; 
0.02 g., 0 per cent; (c) 0.02 g., 60 per cent; 0.1 g., 0 per cent. The sulphur is found almost 
entirely as sulphide, in the solid nickel. 

Carbon bisulphide: (a) 0.0005 g., 25 per cent; 0.003 g., 0 per cent; (b) 0.003 g., 60 per cent; 
0.01 g., 1 per cent; (c) 0.01 g., 63 per cent; 0.06 g., 3 per cent. Practically all of the sulphur 
found (corresponding to about 50 per cent of that in the carbon bisulphide used) was in the 
solid nickel as sulphide, with only traces in the filtrate. 

633. Sulphur, Arsenic, Halogens, etc., as Catalyst Poisons. Sabatier and Espil have con- 
cluded that the effect of sulphur and the halogens as catalyst poisons has been exaggerated. 
Traces of these substances do not appear sufficient to destroy the activity of nickel. For 
example benzene containing 0.5 per cent iodine in solution was completely transformed into 
cyclohexane. The nickel in al>out one-half of the hydrogenating tulw toward the inlet side 
was affected but the catalyzer in the other half of the tube remained active. Chlorine and 
bromine, introduced as hydrochloric or hydrobromic acids or as halogenated benzol, also 
sulphur in the form of carbon bisulphide, acted in a similar manner. Moreover, the nickel 
which is rendered inactive to benzol still preserves the power of carrying hydrogen to nitriles 
and other aliphatic or aromatic organic compounds but is incapable of hydrogenating ketones 
or ethylene hydrocarbons. Sabatier and Espil recommend that nickel poisoned by chlorine 
be revivified by using it to hydrogenate nitrobenzene. After a few hours’ use in this manner 
the catalyzer is reactivated and will convert benzene into cyclohexane. When poisoned by 
bromine or iodine this treatment is not effective. 9 

624. It has generally been assumed that presence of sulphates in a nickel 
catalyzer is prejudicial but repeated tests by Ellis have shown this not to be 
the case under certain conditions. If the sulphate is of a difficultly reducible char- 
acter as, for example, sodium sulphate, the nickel is practically unaffected, espe- 
cially if the reduction has taken place at a relatively low temperature. When a 


9 Bull . Soc. CMm., 1914, 16, 778. 
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mixture of nickel hydrate or carbonate and sodium sulphate is reduced at a 
temperature somewhat below 250° C. the activity of the catalytic nickel is not 
materially affected by the sulphate. Apparently, sulphur in the sulphide form 
is necessary in order to poison the catalyzer. Catalytic material containing 
sulphates has been employed on a commercial scale in this country for a consid- 
erable period of time with satisfactory results. 

MO. The effect of sulphur and arsenic in hydrogen gas employed for oil hardening has 
been investigated by Hehner and reported by Crossley. 10 Curves of absorption were obtained 
which indicate the deleterious action of arsenic and sulphur. Unpurified hydrogen such as 
was obtained from a good specimen of sine and acid did not permit the catalyser to function 
as actively as in the case of pure hydrogen. When hydrogen was passed through a very 
dilute solution of hydrogen sulphide in water the effect on the catalyser was very marked. 
The effect of using crude water gas containing about 28 per cent of hydrogen in comparison 
with water gas which has passed through soda lime is shown by Hehner. The purified water 
gas permitted catalytic action to go on to better advantage. 

626. Poisoning of Nickel Catalysts by Iron and Nickel Compounds. Wolff 11 
reports that in the catalytic hydrogenation of cinnamic acid in alkaline aqueous 
solution by nickel, the addition of ferric or nickel hydroxide brings about at first 
a sharp fall in activity, proportional to the amount of 44 clogging substance ” 
added, later a slower decrease, but again proportional to the amount 
added. It seems that the more active parts of the catalyst are more sensitive 
to the foreign substance. Similar behavior is shown if a soluble substance be 
present, potassium ferrocyanide, for example. Here it is suggested that the 
ferrocyanide ion is adsorbed and that the break in the activity-concentration 
curve occurs when the film covers the whole surface of the catalyst. 12 

627. Fatigue of Platinum Black. Vavon and Husson 19 observed gradual 
fatigue of platinum black in catalyzing hydrogenations. 

628. Consider three substances, A, B and C, capable of hydrogenation. The 
rate of fatigue may be different so that B and C are catalyzed while A is not, 
and later only C is catalyzed. The fatigue may be caused by (a) too long employ- 
ment in catalytic operations, ( b ) heating to too high a temperature, (c) partial 
poisoning by a suitable substance. It is the last which is the subject of this 
investigation. 1 * The mode of operation consists in agitating the substance to be 
hydrogenated, in solution, in the presence of the platinum and in an atmos- 
phere of hydrogen. If in the course of the experiment successive additions are 
made of carbon disulphide, an abrupt diminution of the velocity of hydrogena- 
tion takes place after each addition until complete cessation of the reaction. 
This limit varies with the nature of the substance, and is proportional to the 
weight of platinum employed. An explanation of this phenomenon on the 
basis of the formation of a reactive hydride of platinum is not satisfactory, 
since there would have to be any number of different hydrides. The following 
explanation is offered: The surface of the catalyst adsorbs the hydrogen mole- 

10 Pharm. Soc .. April 21. 1914; Pharm . 1914. 91 , 604, 637 and 676; J.S.C.I. , 1914 , 1136. 

11 J. prakt. Chtm., 1924, 107 . 150-164. 

11 J.S.C.I 1924. 574B. 

11 Cumpt. rend., 1922, 176 , 277; Chem. Abet., 1922, 16 , 3792. 
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cule making it subject to a deformation, the deformed molecule becoming 
active. This deformation is a function not only of the nature of, and radius of 
curvature of the catalyzer surface, but also of the substance already adsorbed 
by this surface (oxygen, solvent, carbon disulphide, etc.). Some substances 
favor deformation (e.g., oxygen), others the contrary (carbon disulphide). The 
greater the amount of carbon disulphide, the less the deformation. It is further 
necessary to assume that there is a minimum deformation required for each 
reactive substance. 

629. Rocasalano 14 has observed this phenomenon. He reports that the 
catalytic activity of electrosols of platinum and hydrosols of palladium in regard 
to the decomposition of hydrogen peroxide increases at first with age until it 
reaches maximum and then decreases. 

630. Influence of the Support on the Resistance to Poisons. Rosenmund 

and Langer 16 carried out a series of experiments on the rate of catalytic reduction 
of cinnamic acid by hydrogen with the aid of a palladium catalyst deposited 
upon various supports and in presence or absence of two “ poisons ” (arsenious 
oxide and carbon monoxide). Kieselguhr-palladium catalysts showed the least 
activity and the greatest sensitiveness to poisoning, while palladinized blood 
charcoal was both the most active and the most resistant catalyst. In both 
these cases the activity of the catalyst runs parallel to its resistance to poisoning, 
but this is not invariably the case. The general conclusion drawn from the 
experiments is that the influence of a third substance on a catalyst varies accord- 
ing to the nature of the support on which the catalyst rests. The following fig- 
ures indicate the results obtained using as carriers (a) crude kieselguhr; ( b ) 
purified kieselguhr; (c) purified pumice powder; ( d ) barium sulphate; (e) puri- 
fied bone charcoal; (/) purified blood -charcoal. (The figures indicate the aver- 

age rate of hydrogen absorption in cubic centimeters per minute): I. Normal 
experiments: (6)0.70; (e) 1.25; (a) 1.90; (c) 2.05; (d) 2.30; (/) 6.20. II.As,0, 
poisoning: (6) 0.00; (a) 0.00; (d) 0.23; (c) 0.40; (e) 0.43; (/) 4.25. III. CO 

poisoning: (6) 0.25; (d) 0.45; (a) 0.80; (e) 1.00; (c) 1.65; (/) 5.45. 

631. Intentional Partial Catalyst Poisoning Used to Limit Reaction. We have 
already learned (para. 513) that the presence of traces of thiophene inhibits the 
catalytic hydrogenation of benzene in the presence of nickel, but leaves intact 
the catalytic activity for other substrates. Kubota and Yoshikawa 16 have availed 
themselves of this peculiarity to limit the hydrogenation of nitrobenzene to 
the formation of aniline. It is the opinion of these workers that catalytically 
active nickel consists of various hydrides. Poisoning by thiophene, by ethyl 
sulphide, and by hydrogen sulphide inhibit, respectively, the hydrogenation of 
the aromatic nucleus, the hydrogenation of unsaturated aliphatic compounds, 
and the reduction of nitrobenzene to aniline. These three stages in poisoning 
correspond with formation of definite quantities of nickel sulphide. Advantage 
may be taken of these facts for the production of aniline. Nitrobenzene is intro- 

14 Compi. rend., 1920, 171 , 301. 

11 Ber. t 1923, 56 , 2262-2204. 

14 Sci. Paper a lnat. Phya. Chem. Rea., 1923, 3 , 223-232. 
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duced into a reaction tube with hydrogen and thiophene-poisoned nickel at 180°. 
The condensed liquid consists of two colorless layers. The lower layer is sepa- 
rated from the water and dried; it can be distilled completely at the boiling-point 
of aniline. With the unpoisoned catalyst the reaction product contains only 
38 per cent of aniline.) 17 

532. Rosenmund and Zetzsche also have made use of partial poisoning in 
order to increase the yield of a desired product. If an acid chloride, benzoyl 
chloride for instance, is dissolved in pure benzene and is then subjected to reduc- 
tion by means of hydrogen and colloidal palladium, practically no benzalde- 
hyde is formed. It seems that the benzene is responsible for exerting a deter- 
rent action on the palladium. If the experiment is tried with ordinary benzene, 
a good yield of benzaldehyde is obtained. This seemed to prove that some 
impurity in the benzene counteracted the poisoning. Instead of searching for 
the particular impurity in the benzene which had this action, the effect of add- 
ing known amounts of definite substances to the pure benzene or other aromatic 
hydrocarbon was examined. With 2 g. of benzoyl chloride in 10 cc. of xylene 
and using 0.7 g. palladium at 150°, addition of 1 mg. of thioquinanthrene brought 
the yield up to 78 per cent, while addition of sulphurized quinoline (impure 
thioquinanthrene) brought the yield up to nearly 90 per cent. Addition of 0.1 
mg. distilled quinoline reduced the yield practically to zero because the reduc- 
tion went further — to benzyl alcohol. Addition of xanthone accelerates the 
reaction between benzoyl chloride and benzyl alcohol forming benzyl benzoate. 
In toluene as solvent instead of xylene, benzyl benzoate is the chief product 
because the toluene checks the reaction between benzyl benzoate and hydrogen 
which gives rise to benzoic acid and toluene. 18 

633. Regeneration In sllu of Sulphur-poisoned Metallic Catalysts. Prud- 
homme 19 treats metallic and oxide catalysts, which have become inert through 
partial conversion to sulphides, with vapors of an organic acid such as acetic 
acid at, say 100° C. When sulphuretted hydrogen ceases to be evolved, the 
acid vapors are cut off and the temperature raised to that at which the salt is 
decomposed (say 150° C). The acid is, in part, recovered. This process requires 
no dismantling of the apparatus, the whole operation being conducted in situ. 
It is particularly applicable to plants for the manufacture of light synthetic 
hydrocarbons from carbonaceous materials of low value. 

534. Purification of Hydrogen for Ethylene Synthesis. The Elektro-Chem- 
ische Werke G. m. b. H. find that the production of ethylene from acetylene and 
hydrogen on a commercial scale is difficult, due to the gradual loss in the effi- 
ciency of the catalyst. Even though the usual precautions are taken to remove 
the recognized poisons, such as hydrogen sulphide, sulphurous acid, chlorine 
and the like, there still remain in the gas certain impurities which cannot be 
eliminated by the usual absorption reagents. Accordingly it is recommended 

17 J.S.C.I . , 1925. 953B. 

11 Bcr .. 1921. 54 B, 435, G3S, 1092; 1918. 51. 585; First Report of the Committee on Con- 
tact Catalysis, p. 26. 

*’ U. S. Put. 1,0-10.608. Aug. 30. 1927. 
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to wash the hydrogen with concentrated sulphuric acid, then to pass it over 
solid caustic soda, which treatment is said to remove the troublesome bodies. 20 

636. On the industrial scale it is rarely possible to use chemicals of the high- 
est purity or to protect the catalyst from accidental contamination. The first 
care of the industrial catalytic chemist is to secure a catalyst of the maximum 
robustness, sacrificing, if needs must, some activity. Next he endeavors by 
scrubbing, to purify his gases, usually, in the cases which concern us, hydrogen 
or water-gas. Then he turns his attention to the raw material, which is likely 
to vary in its content of potential catalyst poison. Finally he arranges his 
operations so that the regeneration or replacement of catalyst shall cause only 
the minimum interruption. Wc will here mention one interesting instance of the 
preparation of a raw material to render it suitable for hydrogenation: 

636. The hydrogenation of naphthalene for the production of fuels, solvents, 
etc., has become important in recent years. But commercial naphthalene con- 
tains sulphur compounds from which it should be purified before hydrogenation. 
In Schroeter’s processes this is effected in various ways, e.g., by fusing the 
napthalene with finely divided metal (iron or nickel), or a readily fusible metal 
or alloy (such as sodium), or metal loosely bound to nonacid radical, e.g., soda- 
mide. The purified naphthalene is recovered by distillation. 


Catalyst Poisoning in Oil Hardening 

637. We have judged it advisable to treat separately the question of the 
poisoning of catalysts used in the hydrogenation of fatty oils because this indus- 
try has its special problems. 

638. Effect of Various Acidic and Basic Substances on Nickel Catalysts. Kita, Masumc and 
Kino 11 reported that, in the hardening of soya-bean oil, sodium carbonate acted injuriously 
on the nickel-kaolin catalyst. It is now reported that both sodium carbonate and sodium 
borate at a concentration of 0.01 AT have an accelerating effect, whereas at concentrations 
above about 0.1 N a retarding action is shown. Experiments were also made by bubbling 
the hydrogen through solutions of volatilo substances (formic, acetic, proprionic, butyric, and 
hydrochloric acids, ammonia, hydroxylamine, and aniline). In general, each of those volatilo 
substances showed an accelerating influence on the hydrogenation of herring oil up to a cer- 
tain concentration, and after that point a retarding effect as the concentration was increased. 
With a nickel-kieselguhr catalyst water vapor had a favorable effect on the hydrogenation of 
sesame oil, which was a maximum when the hydrogen was mixed with about 20-30 per cent 
by volume of water vapor. A similar favorable effect was also produced by mixing nitrogen 
with the hydrogen, the maximum l>cing at about 48 per cent N*. With a technical basic nickel 
formate catalyst, on the other hand, addition of water vapor to the hydrogen had an unfavor- 
able effect.” 

639. In connection with the use of palladium catalysts the Vercinigte chemische Werk. 
A.-G.” caution against the poisonous action of arsenic, phosphoretted and sulphuretted 
hydrogen, liquid hydrocarl>on.s, carl>on bisulphide, chloroform, acetone, and free mineral 
acids. Several of these poisons may find their way into the material during extraction or 
refining, while others are likely impurities in the hydrogen. 

10 Zritach . f. angew. Chcm. 1913, Ref. 644; Ger. Pat. 265,171, 1912. 

21 Mem. Coll. Eng., Kyoto , 3. |7]; J.S.C.I. , 1925, 964B, attract of article by Normann, 
Chem. Vmschau, 1925, 32, 262-265. 

" J.S.C.I ., 1925, 964B. 

u Ger. Pat. 236,488, Aug. 6, 1910; Brit. Pat. 18.642. 1911 
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540 . The following table is taken from a paper by Ellis and Wells. 14 

EFFECT OF HALOGENS, HALOGEN COMPOUNDS, SULPHUR, ETC., ON 
HYDROGENATION OF COTTONSEED OIL 


Catalyst: Nicxil Oxide (5 Per Cent or the Weight or the Oil) Reduced 
in Oil at 250° C. tor One-Halt Hour 


Expt. 

No. 

Substance Added 

Per Cent 
Added 

Temp., 
Dega. C. 

Time, 

Hours 

Effect on Oil 

1 

Bromine 

1.0 

200 

2 

No hardening 

1 (CH) 


1.0 

200 

2 


2 

Iodine 

1.0 

200 

2 


2 (CH) 


1.0 

200 

2 


3 


mSm 

200 

21 


3 (CH) 



200 

2} 


4 

Antimony bromide 

1.0 

200 

2 


4 (CH) 


1.0 

200 

2 


5 

Sodium chloride 


210 

21 

Oil hardened 

6 

Zinc chloride 

5.0 

210 

21 

Oil polymerised 

7 


1.0 

200 

21 

Slight hardening 

7 (CH) 


1.0 

200 

21 

Oil hardened. 

8 


0.5 

200 

21 


9 

Tin chloride 

1.0 

200 

2 


10 

Sulphur 

0.5 

200 

21 

Slight hardening 

10 (CH) 


0.5 

200 

21 

Oil hardened 

11 


1.0 

200 

21 

No hardening 

11 (CH) | 


1.0 

200 

21 

Oil hardened 

Blank 



200 

21 


12 

Sulphur 

0.1 

210 

31 


13 

Red phosphorus 

1.0 

200 

2 

Slight hardening 

13 (CH) 


1.0 

200 

2 

Oil hardened 

14 


0.5 

200 

2 

Slight hardening 

14 (CH) 


0.5 

200 

2 

Oil hardened 

15 

Sulphur chloride 

1.0 

200 

2 

No hardening 

15 (£H) 


1.0 

200 

2 

Oil hardened 

16 

(AsjOi) 

1.0 

200 

2 

No hardening 

17 

Mercury 

10 

200 

2 

Slight hardening 

Blank 



200 

21 

Oil hardened 

18 

Lead stearate 

1.0 

200 

21 

No hardening 

19 

Lead oleate 

1.0 

200 

21 


19 (CH) 


1.0 

200 

21 



(CH) after an experiment number indicates treatment with copper hydrate before hydro- 
genation. 


641 . The effect of catalyst poisons has also been studied by Moore, Richter 
and Van Arsdel.** The experiments on poisons were carried out in an apparatus 
containing oil and catalyst, through which hydrogen was bubbled. A mixture 
of oil with 1 per cent nickel on a carrier was hydrogenated first for one hour to 
ascertain the original activity of the catalyst. At the end of the hour, 2 per cent 
of the finely powdered solid substance in question was added, and the hydro- 
genation continued. Samples were then taken at intervals to determine the fur- 
ther fall of the iodine number, and the poisoning effect was judged by the shape 

u J. Ind. Ena. Chem., 1916, 886. 

U J. Ind. Ena. Chem., 1917, 451. 
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of the iodine number-time curve, compared with one in which no poison was 
present. The results may be summarized as follows: 


Substance Effect on Activity 

Sulphur Destroyed immediately 

Naj8-9HjO Gradually destroyed 

NaCl No effect 

NasSOi No effect 

NaNO, No effect 

NiClj • 6HjO No effect 

Reduced iron No effect 


The three gases hydrogen sulphide, sulphur dioxide and chlorine were also 
tried. In each case the activity was destroyed immediately. A small amount 
of water vapor in the hydrogen was found gradually to destroy the activity of 
the catalyst. 

642 . The work of Maxted 21 indicates that carbon monoxide retards the 
rate of addition of hydrogen to fatty oils. The inhibitive effect of carbon mon- 
oxide was studied from a quantitative standpoint for the hydrogenation of olive 
oil, using finely divided nickel as catalyst. The experiments were carried out 
with 10 g. of oil and 0.1 g. of nickel, using pure hydrogen, and hydrogen con- 
taining 0.25, 0.5, 1.0 and 2 per cent of carbon monoxide respectively. The 
absorption was noted at five-minute intervals for one hour, at the end of which 
pure hydrogen showed 584.5 cc. absorption, hydrogen containing 0.25 per cent 
carbon monoxide, 393.9 cc.; hydrogen containing 0.5 per cent, 309.6 cc.; hydro- 
gen containing 1.0 per cent, 235.2 cc.; and hydrogen containing 2 per cent, 
158.8 cc. Maxted considers these results to show a marked poisoning influence 
by carbon monoxide, an effect which was differentiated from the calculated 
obstructive effects of the impurity. The first traces of carbon monoxide have 
relatively the greatest retarding influence on the velocity of hydrogenation. 

643 . Caro, 27 also, considers the presence of carbon monoxide in hydrogen 
used for hardening fats with nickel catalyzers to be, under some circumstances, 
injurious to the catalyzer. Maintaining the temperature of the oil during 
hydrogenation above 200° C. is said to be beneficial as any nickel carbonyl 
formed will be at once decomposed at that temperature. The hydrogenation 
of many substances under these conditions is not feasible and Caro recom- 
mends that the gas first be passed over nickel at 180° C. to convert the carbon 
monoxide into methane, which is inert. 

544 . Ueno ** investigated the effect of a number of substances on the hydrogenation of oil 
with a nickel catalyst. The method he employed was to compare the fall of the iodine value 
when the oil was hydrogenated in the presence of the substance under investigation with the 
fall in a blank hydrogenation. He found that hydrogenation by means of a nickel catalyst 
was retarded by the soaps of potassium, sodium, lithium, magnesium, barium, beryllium, 
iron, chromium, line, cadmium, lead, mercury, bismuth, tin, uranium, and gold, while the 
soaps of calcium, strontium, aluminium, cerium, nickel, manganese, copper, silver, vanadium, 
thorium and platinum had no effect upon the catalytic action. Nickel acetate, butyrate, 
stearate, lactate, oxalate, and succinate had also no influence on the catalytic hydrogenation. 

*• Trans. Faraday Soc. t 1917; Chem. Trade J. t 61 , 509-510. 

57 Seifen. ZlQ. t 1913, 852. 

u J . Chem. Ind., Tokyo. 1918, 11 , 898-939; J.SCJ ., 1919. 20A. 
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Copper hydroxide, ammonium molybdate, boric acid, arsenious acid, hydrochloric acid, and 
potassium hydroxide had a strong restrictive effect, zinc oxide and aluminium silicate had a 
slighter effect, and tungstic acid was almost inert. Fatty acids, such as acetic, lauric, stearic, 
and oleic acids had no influence on the catalytic action, but glycoliic and lactic acids, hydroxy- 
stearic acids, oxalic, succinic, and fumaric acids, and hydroxy acids, such as malic, citric, and 
tartaric acids, acted as catalyst poisons. Sodium taurocholate had a restrictive influence, 
while nucleic acid had no effect. Powdered metals (not reduced by hydrogen), such as nickel, 
tin, zirconium, aluminium, and copper had no pronounced injurious effect, but iron, zinc, 
lead, and mercury acted as poisons. Sulphur, selenium, tellurium, and red phosphorus 
acted as negative catalysts, but the presence of a small amount of oxygen in the hydrogen 
had no pronounced effect. Proteins, blood albumin, blood fibnne, and gelatine had a restric- 
tive influence, but haemoglobin was inert. Glycerol and lecithin had a considerable action, 
but cholesterol and squalene had no effect. Carbohydrates such as sucrose, dextrose, manni- 
tol, and starch behaved as negative catalysts, but glycogen had no influence. Alkaloids such 
as morphine and strychnine were pronounced poisons, as were also potassium cyanide, amyg- 
dalin, and the gaseous and liquid products of the dry distillation of herring oil. 

646. Bedford and Erdmann 19 treated a quantity of used nickel oxide cata- 
lyst with dilute sulphuric acid. Hydrogen, accompanied by hydrocarbons of 
disagreeable odor, was evolved. A carbonaceous residue amounting to 6 or 7 
per cent remained after treatment with the acid. Nickel oxide has been found 
to take up silica when used repeatedly as a catalyzer. The same absorption of 
silica also occurs with palladium. 

646A. Sosenskii 10 gives the results of experience in the maintenance of nickel 
catalyst activity in the hydrogenation of oils. He finds that the part of the 
nickel which docs not spontaneously settle out from the oil is inactive: it has 
been poisoned. But that part which settles out before filtration can be re-used 
by working up with make-up fresh catalyst. 

646. Pretreatment of Oils to Remove Poisons. From an industrial point of 
view the protection of the catalyst from deterioration due to catalyst poison in 
crude oils subjected to hydrogenation is an important element in the economic 
working of hardening processes. 

647. Ellis and Wells 11 have studied the problem of treating such oils to 
adapt them to the hydrogenation process. 

Usually the activity of the catalyzer becomes much slower after two or three batches of 
oil have been hardened and in some cases it is necessary to prepare fresh catalyzer for every 
batch of oil treated. On the other hand, when hardening a good grade of oil, such as refined, 
edible cottonseed oil, the life of a carefully prepared catalyzer is likely to l>e very long and in 
some cases an entirely new lot of catalyzer is not. required for months in the constant opera- 
tion of a hardening plant. In these cases the catalyzer is kept in a state of high activity for 
continued usage by adding a small amount of fresh catalyzer at intervals of one or two weeks. 
It has been ol>served that some kinds or grades of oil may be hydrogenated to an incomplete 
degree but that they cannot be carried l>eyond this point, no matter how long the treatment 
is continued, without change of catalyzer. If to these semi-hardened oils a fresh quantity of 
catalyzer is added the hardening will usually proceed practically to complete saturation. In 
some cases, a fresh quantity of oil may be treated with the seemingly spent catalyzer when 
partial hardening will occur. An additional quantity of fresh catalyzer will sometimes carry 
the oil so treated to completion, showing that the substance which affects the catalyzer is 
apparently taken up by it under these circumstances, thus leaving the oil in condition to be 
readily hardened. 

* Jour, prakl. Chem ., 1913, 444. 

10 Oil and Fat Ind. (Russia), 1996, Nos. 4-5, 54-57; Chem. Zentr ., 1927, 1, 2868; C. A., 1928, 
22 , 3308. 

91 /. Ind. EnQ. Chem., 1916, 886. Sec also U. S. Patent to Ellis, 1,247,510, Nov. 20, 1917. 
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548. A method of removing catalyst poisons from oil, recommended by Ellis, is to treat 
the oil with catalyst which has lost its catalytic activity. To this end a finely divided spent 
nickel catalyst is vigorously agitated with the oil at a temperature of about 180° C., until 
catalyst poisons have been absorbed when the oil is filtered, fresh catalyst added and hydro- 
genation is completed. The treatment of the oil depends upon the character of the catalyst 
poisons present. Aluminum, nickel, copper, etc., and their basic compounds in a finely 
divided state can be used.” 

549. This method, treating the oil with spent catalyst in order to remove 
catalyst poisons, is at present in extensive use. Its application is particularly 
economical in dealing with marine oils with which the life of the main catalyst 
is very short unless most of the poisons are removed. 

660. Kllis and Wells ” have reported an extensive series of tests bearing on 
this method of pretreatment. 

651. Cod Oil. Crude cod oil was freed from fatty acids with a solution of sodium car- 
bonate and after washing free from alkali and soap was treated with hydrogen, using 5 per 
cent catalyzer prepared from nickel oxide. In several trials, the oil either did not harden 
at all, or only to a very minor degree. Other forms of catalyzer were equally ineffective. The 
oil was then agitated for one hour at 200° C. with freshly prepared copper hydrate, filtered 
to remove the copper compound and again treated with hydrogen and catalyzer under the 
sume conditions as above. The oil was readily hardened by this treatment. Another sample 
of the oil, refined as above, was treated with 5 per cent freshly prepared silver oxide at 200° C. 
for one hour. The silver compound was removed by filtration and the clear oil hydrogenated. 
In a short time this oil was hardened to a melting-point of 46° C. on hydrogenating under the 
same conditions as above. 

60S. A series of tests were performed to determine the relative value of freshly precipitated 
copper hydrate as a detoxicating agent. In one test, portions of cod oil were agitated with 
5 per cent of freshly prepared copper hydrate, commercial copper carbonate and lead 
oxide at 180° to 200° C. for two hours. After filtering, these samples were treated with 
hydrogen, using 5 per cent nickel oxide as a source of catalyzer. This was reduced in oil at 
250° C. for one-half hour. The hydrogenation operation was carried out at 230° C. for three 
hours. The oil treated with freshly precipitated copper hydrate hardened to a melting-point 
of 53° to 54° C., the oil treated with copper carbonate hardened slightly, while the oil treated 
with lead oxide did not harden. 

663. To determine the most effective temperature for treating the oil with copper hydrate 
the following tests were performed : Cod oil was agitated with J per cent of copper hydrate for 
one hour at room temperature, then was filtered and subjected to the hydrogenation process. 
Another portion of the oil was treated in a similar manner, except the temperature of treat- 
ment with copper hydrate was 50° C. Other portions were treated at 75° and at 110° to 
120° C. The samples treated below 110° C. did not harden and metallic mirrors were formed 
on the walls of the container during the treatment with hydrogen. The sample which was 
agitated at room temperature exhibited the most perfect mirror. The oil treated at 110° 
to 120° C. hardened readily without the formation of a mirror. 

664. The effect of refining cod oil with alkali before hydrogenation, when the copper 
hydrate treatment is used, is beneficial to the catalyzer as was shown by agitating crude cod 
oil with copper hydrate at 140° to 150° C. for one hour, filtering and then subjecting it to the 
hydrogenation process, using nickel oxide. The catalyzer was formed in the oil at 250° C. 
and hydrogenation was carried out at 190° to 200° C. for four hours. The oil was only 
slightly hardened. 

666 . A quantity of the oil under examination was burned in oxygen in a combustion 
bomb. The contents of the bomb were washed out and examined qualitatively. Sulphates 
and a trace of iodine compounds were found to be present but no test was obtained for either 
chlorides or phosphates. Either sulphur in the sulphide form or iodine could have been respon- 
sible for the poisoning action on the catalyzer noted. 

656. Menhaden Oil. Southern crude fish (menhaden) oil, without refining, was subjected 
to the hydrogenation process, using nickel oxide reduced in the oil at 250° C. and the hydro- 
gen treatment was carried out at 200° C. for four hours. The oil was not hardened. Another 

n U. 8. Pat. 1,132.710, Mar. 23. 1915. Cf. 1,247.516, Nov. 20, 1917, to Ellis. 

n J . Ind. Eng. Chem. t 1916, 886. 
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portion of the same oil was agitated with copper hydrate at 135° to 150° C. for one hour and 
treated under the same conditions as above. The oil was hardened, without difficulty, to a 
melting-point of 45° to 46° C. Another quantity of the same crude fish oil was refined and 
then treated with copper hydrate. The treated oil was hydrogenated, using a catalyxer which 
had previously been used in cod oil that had been detoxicated with copper hydrate. The oil 
hardened to a melting-point of 52° to 53° C. The catalyxer was apparently not affected by 
its previous use in cod oil which had been treated with copper hydrate. 

557. Herring Oil which could not be hardened by the usual methods was refined to free it 
from fatty acids and after treating with copper hydrate for one hour at 110° to 120° C. was 
subjected to the action of hydrogen in the presence of a catalyzer prepared by reducing nickel 
oxide in the oil at 250° C. for one-half hour. The oil was hydrogenated at 190° to 200° C. 
for five hours. It hardened to a melting-point of 45° to 46° C. 

558. Dogfish Oil. This oil has proved somewhat difficult to hydrogenate. In one case, 
a sample of the oil was agitated with copper hydrate for one hour and then treated with 
hydrogen, using a catalyxer prepared by precipitating nickel hydrate on a carrier and reducing 
at 360° C. Hydrogenation was conducted for 5| hours at 180° to 190° C. The oil did not 
harden. The catalyxer was filtered out and 5 per cent of a mixture of finely divided nickel- 
copper hydrate was added. A current of hydrogen was passed through the oil, the tempera- 
ture of the oil being held at 250° C. for one-half hour, then lowered to 190° to 200° C. and 
maintained at that point for three hours. The oil hardened to a melting-point of 45° C. 

659. According to Ueno metallic soaps and other impurities in oils, which 
act as catalyst poisons during hydrogenation, can be removed by treating the 
oil with 10 per cent of acid earth (fuller's earth) at 120° C. for twenty minutes. 
If hardened oils are treated with the acid earth, their content of nickel or other 
mineral matter is markedly reduced. 14 

559A. The same investigator 15 reports that to cottonseed, arachis, herring and dab oils, 
different impurities such as alkali and metallic soap and oxidized acids were added and the 
oils were treated with a very small amount of an alkali. The oils thus refined contained no 
ash. Soap solutions will also refine the oil, but their action is much slower than that of an 
alkali. Various anti-catalyzers of hydrogenation of the oils can also be removed by the 
same method of refining. Since for the removal of anti-catalyzers the amount of alkali 
required is far smaller than that required for neutralization of the free fatty acids in oil, for 
such an industrial hardening as fish oil, where anti-catalyzers should bo removed without 
removal of all free acids, alkali refining is the most advantageous. Ueno believes that alkali 
refining is accomplished by adsorption of impurities by an emulsoid-iike composition formed 
between alkalies and oils. It is also suggested that in the industrial method of refinement 
of vitamin-containing fats, if the poisonous matters are first removed by alkali, the activity 
of vitamins might not be destroyed by subsequent refining treatment. ,e 

560. Oil-hardening catalysts: Influence of Impurities in the Catalyst-car- 
rier.* 7 An article on this subject is published by Ueno and Saida. The sense 

u Ktou6-Kwaoak{l Zasahi ( J . Chem. Ind., Tokyo), 1920, 23, 1028; 1920. 825A. 

Sec Schwarzkopf, Brit. Pat. 13S,115, 1920. Oil is freed from free fatty acid by heating with 
fuller's earth, in vacuo, at 250° C. 

14 Ibid., 1922, 25. 578-583. 

•• Chem. Abat., 1922, 16, 4081 (1922); Andrews (Chem. Trade J., 1929, 84, 277-278, 302- 
303, 351-352, 369-370) investigated the effect of various oil impurities on the hydrogenation 
of peanut oil in the presence of a nickel-diatomite catalyst. Addition of 2 per cent of the 
unsaponifiable matter, or of the stearine separated by freezing from a low-grade, crude cod- 
liver oil, caused a marked decrease in (he rate of hydrogen absorption; a definite decrease in 
activity of the catalyst also followed the addition of 1 per cent of blood or of 0.3 per cent of 
lecithin (i.e., 0.02 per cent of organic phosphorus), while hydrogen absorption was completely 
inhibited by 0.5 per cent of allylthiocarbimide (cf., hardening of rape oils from imported seed). 
The effect of added isinglass (organic nitrogen) was small and seemed to bo physical rather 
than chemical in nature. 

17 Ueno and Saida, J. Soc. Chem. Ind., Japan, 1927, 30, 374; identical abstract in Chem. 
Abat., 1928, 22, 879, and Bril. Chem. Abat., 1928, 253A. . 
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is not clear from the abstract, which is given here verbatim. “ A sample of the 
kieselguhr was recovered from a spent nickel catalyst by treatment with dilute 
sulphuric acid and alkali. Nickel catalysts were prepared by using the original 
and the recovered kieselguhr, and the results were compared. The recovered 
kieselguhr was as effective as the original material, in spite of the fact that the 
former contained much impurity, especially calcium sulphate, which would have 
had a retarding influence on the catalytic reaction. It is concluded that the 
inhibiting influence of these impurities depends on their existence in the system 
in a peculiar form.” 

661. To prevent the formation of catalyst poisons during storage. Lever Bros., Ltd., and 
Thomas " add a small quantity of a phenolic substance to the comparatively fresh oil. A 
fraction of 1 per cent of one or more of the following antioxidant substances is employed: 
quinol, guaiacol, resorcinol. Oils so treated can be satisfactorily hydrogenated even after 
prolonged storage or exposure." 

562. Esterification of Free Fatty Acid with Glycerol. The hydrogenation 
of fatty material containing such quantities of free fatty acids as tend to inter- 
fere seriously with the catalytic process is carried out by Ellis 40 by esterifying the 
fatty acids with glycerol. 

This may be carried out by heating the oil with glycerol to a temperature between 250° 
and 285° C. for two or three hours. The reaction mass may be kept out of contact with air 
by introduction of a current of hydrogen. In one case a whale oil having an acid number of 
about 25 was treated with 5 per cent of glycerol and the acid number was reduced to approxi- 
mately 1. After the esterification stage has been completed a catalytic agent is added to the 
oil and the product hydrogenated at a temperature of about 180° C. in the case of nickel or 
at a lower temperature if a catalyzer of the platinum group is employed. 

663. In the same order of ideas is the proposal of Bolton and Lush 41 to pre- 
vent inhibition of catalytic hydrogenation due to free fatty acid by the addi- 
tion of mono- or di-glycerides. These are intended to combine w r ith the free 
acid, with the formation of triglycerides. 4 * 

664. Esterification (ethylation) with Ethyl AlcohoL The application of 
esterification as a means to reduce free fatty acid has been utilized by Drey- 
mann in the treatment of oils which cannot be readily refined by caustic alkali. 

Dreymann states that the presence of even as small a quantity as 2 per cent of free fatty 
acid in an oil is sufficient to greatly impair the effectiveness of the catalytic agent used in the 
hydrogenation process. Hence it is the practice to first carefully neutralize the oil by means 
of caustic soda. If the amount of the free fatty acids exceeds 5 per cent, their removal by 
caustic alkali refining is difficult and is attended with considerable loss and expense. In con- 
sequence, Dreymann states only high-grade neutral oils are being used for hydrogenation 
purposes. Dreymann proposes to meet the difficulty by esterifying the free fatty acid of the 
oil with alcohol, which he states can be hydrogenated as readily as a pure glyceride. In this 
way, oils and fats containing as much as 20 per cent of free fatty acid may be hardened. 

■ Brit. Pat. 208,189, Aug. 8, 1922. 

* For antioxidants in general consult articles by Moureu, see para. 387. 

40 U. S. Pat. 1,261,911, Apr. 9, 1918. See also Nos. 1.271,575 and 1,271,576, July 9. 1918. 

41 Brit. Pat. 162,382, Jan. 27, 1920; 1921, 438A. 

4f Strange to say, in the hydrogenation of herring and cottonseed oils, Ueno ( J . Chem. Ind. 
Japan, 1922, Sft, 777; Chem. Abet., 1923, 17, 3105) found that palmitic, oleic, stearic 
and benzoic acids promote the reaction when present to the amount of 2 or 3 per cent. This 
lacks confirmation. 
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Applying the process to a fatty oil containing about 20 per cent of free fatty acid, Dreymann 
recommends the use of 5 to 8 parts of absolute ethyl alcohol to 100 parts of the oil. A small 
quantity of hydrochloric acid is added to act as a catalyzer in the esterification operation and 
calcium chloride is introduced to serve as a dehydrating agent. Dreymann recommends 3 
parts of hydrochloric acid and 20 parts of calcium chloride. The mixture is heated to a tem- 
perature of about 90° C., for three hours, after which time the product is washed with water 
and will then be found to have a low content of free fatty acid, in general, less than 3 per cent. 
This amount of free fatty acid can be readily removed by the caustic soda refining process. 
When the oil or fat contains 30 per cent or more of free acid, Dreymann states it is advanta- 
geous to remove the glycerol as, for example, by the Twitchell process. The fatty acids thus 
obtained can be converted into esters by treatment with alcohol, the proportion of alcohol 
in this case being increased to 20 parts. Ho states that the esters thus produced contain only 
1 to 3 per cent free fatty acid, which may be removed by refining with alkali. The applica- 
tion of the process to the treatment of inferior products, such as cotton oil, soap stock, and 
garbage grease, is recommended. 41 

565. Esterification with Glycol. According to Schlinck, the neutralization of the unde- 
sirable free fatty acids is effected by esterification with glycol. 44 The oil is heated with 
glycol for several hours under a reflux condenser, the water formed is removed by a current 
of inert gas. (The condenser must, therefore, maintain a temperature above 100° C.) In 
a modification of this method 45 the glycol esterification and the catalytic hydrogenation are 
described as being carried on simultaneously. 

666. Purification by Distillation. In the hardening industry purification by 
distillation of the material to be hydrogenated (or substrate) can be applied only 
to free fatty acids, because the glycerides cannot be distilled, without decom- 
position, except in vacua of so high a degree as to be unattainable in practice. 

De Roubaix 46 reports that commerical oleic acid may be completely hydro- 
genated, after purification by distillation under diminished pressure, by means 
of a rapid current of hydrogen at atmospheric pressure in the presence of 4 per 
cent of reduced nickel as catalyst, the temperature being between 160° and 230°. 
The catalyst should not be prepared within the material to be hydrogenated, 
as this leads to considerable formation of nickel oleate, which De Roubaix con- 
siders encloses the nickel particles and inhibits their action. The presence of 
sulphur in non-distilled olein poisons the catalyst. 47 


Relevant References 

567. Bakh. Mechanism of poisoning of catalysts. Trans. Karpov Inst. Chem. t 1985, 
No. 4, 11. An examination of the reaction NalliPOj + H a O = NaH?PO| + Hi, catalysed 
by palladium, to determine whether definite or infinitesimal quantities of poisons are required 
to destroy the activity of the catalyst. With palladium-black, the quantities of various 
poisons required for 1 mol. of palladous chloride were: potassium cyanide, 1.75 mol., mercuric 
chloride, 1 mol., thiocarbamide, 1.5 mol., quinine hydrochloride, more than 10 mols. Alka- 
loids generally have a relatively weak action on catalysts. The poisoning effect is due partly 
to chemical combination between the palladous chloride and the poison, yielding a compound 
which cannot l>e reduced by sodium hypophosphite, and partly to adsorption on the surface 
of the palladium-black. With colloidal palladium, tho effect is one of adsorption, and again 
a definite number of mols of the poison is required to saturate the surface of the palladium 
particles and paralyze their action. 48 

48 U. S. Pat. 1,228,888, June 5, 1917. 

44 Ger. Pat. 315,222, June 11, 1916; J.S.C.I . . 1920, 198A. 

48 Ger. Pat. 334,659, Aug. 15, 1916. 

46 Bull. soc. chim. bdo. % 1924, 33, 193. 

47 Cf. paras. 4035 and 4036 (Starrels’ patents). 

41 Chcm. Abst., 1926, 80, 2272. 
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568 . Constable. Sintering of active copper catalysts. [/. Chem. Soc., 1927 1578.) Results 
are said to confirm the views of Pease and Constable rather than those of Taylor and of 
Armstrong and Hilditch. 

Idem. An auto-poisoning 48 phenomenon shown by c&talytically active copper at mod- 
erate temperatures, Ibid., 2995. Notwithstanding purity of reactants and the use of a tem- 
perature at which catalytic copper surfaces aro stable, copper used as catalyst in the dehydro- 
genation of alcohol decays in activity. 

569 . Griffin. Adsorption of hydrogen and ethylene by copper catalyzers with simulta- 
neous poisoning by carbon monoxide. [/. Am. Chem. Soc., 1927, 49 , 2136.) 

Experiments were made on the adsorption of hydrogen and ethylene on copper catalysts 
in presence of small amounts of carbon monoxido. The carbon monoxide was introduced in 
calculated amounts before the beginning of the experiment. The hydrogen or ethylene and 
carbon monoxido were determined at 0° and 20° after each experiment, and the adsorption 
of all three gases was measured on pure catalysts beforehand. For low pressures the adsorp- 
tion values of ethylene and hydrogen rise in presence of carbon monoxide; at high pressures 
adsorption falls. Griffin suggests that carbon monoxide tends to stimulate the forces of 
adsorption at the active points. Because of the low critical temperatures of the gases, there 
can be no quostion of capillary condensation; hence it must be assumed that an adsorl>ed 
carbon monoxide molecule has the power of holding to itself several hydrogen or ethylene 
molecules, either in itself or by strengthening adjacent centers of activity. 

570 . Maxtod. The influence of hydrogen sulphide on the occlusion of hydrogen by 
palladium. J. Chem. Soc., 1919, 115 , 1050; 1920, 117 , 1280. 

Maxtod. The influence of lead on tho catalytic activity of platinum. J. Chem. Soc., 
1920, 117 , 1501. 

Maxtod. The influence of mercury, sulphur, arsenic, and zinc on the catalytic activity 
of platinum. J. Chem. Soc., 1921, 225. 

571 . Paal and Hartmann. Influence of foreign substances on the activity of catalysts. 
Ber., 1918, 51 , 894. Poisoning of palladium hydrosol for catalysis of detonating gas. Mer- 
cury and its oxide permanently poison the catalyst. Precipitated and colloidal copper 
hydroxide cause progressive poisoning, though the quantities tested did not cause complete 
paralysis. Precipitated zinc oxide at first partially inhibits the catalysis, then regeneration 
occurs with restoration to at least original activity. 80 

572 . Watanabe. Poisoning effect of certain substances on the iron catalyst in the decom- 
position of carbon monoxide. Bull. Inst. Phys. Res. (Tokyo), 1928, 7, 1078; Abstracts, 1, 102; 
Chem. Abst.., 1929, 23 , 1560. The substances tested for their effect on the catalyst were: 
water, nitrogen, hydrogen, methane, acetylene, benzene, naphthalene, hydrogen sulphide, 
thiophene. Acetylene liberates carbon but has no other effect. Water causes the formation 
of carbon dioxide, hydrogen and methane. Naphthalene causes a progressive decrease of 
activity, but puro carbon monoxide restores the catalyst to full activity. Sulphur compounds 
permanently poison the catalyst. 


49 "Auto-poisoning” is a repulsive hybrid word, but a better one is difficult to find : "auto- 
intoxication” has a fixed connotation; "self-poisoning” suggests suicide, and is also hybrid. 

60 Bredig, Ber., 1918, 51 , 1477, points out that he and von Bemeck, Z. physik. Chem., 1899, 
31 , 327, had reported the poisoning of a platinum catalyst by mercury. 



CHAPTER VI 


PROMOTERS AND CO-CATALYSTS 
Promoters 

600. Normally the acceleration produced by a catalyst is proportional to 
the amount of catalyst. It was therefore reasonable to expect that when two 
similarly acting catalysts were used the resulting acceleration would be the sum 
of the effects known to be produced by the respective quantity of each catalyst 
acting separately. Thus if 1 per cent of a metal, under given conditions, cata- 
lyzed a certain hydrogenation reaction so that the operation was complete in 
six hours, and if 0.25 per cent of another metal, in the same conditions, produced 
the same effect in thirty-six hours, it might be predicted that 1 per cent of the 
first metal plus 0.25 per cent of the second metal would bring the hydrogenation 
to an end in a little more than five hours. Such expectation is often realized 
approximately, but, in a great many instances, the acceleration is increased in 
a wholly disproportionate degree. 

601. This surprising result, of which no wholly adequate general explana- 
tion has been offered, is called Promoter Action. The secondary catalysts which 
produce it are known as Promoters. They have become of much importance in 
industrial catalysis. 

602. Pease and Taylor 1 define promoter action as including all those cases 
in which a mixture of two or more substances is capable of producing a greater 
catalytic effect than can be accounted for on the supposition that each sub- 
stance in the mixture acts independently and in proportion to the amount 
present. Three cases are distinguished: 

(1) Activation of a catalyst by a relatively inert substance. 

(2) Activation of a catalyst by a small quantity of a relatively active sub- 

stance. 

(3) Co-activation of a number of catalysts, each by the others. 

60S. Ipatiev found that copper oxide in an iron tube was more active in the hydrogena- 
tion of amylene than was copper oxide in a copper tube. The Badische Company state that 
hydrogenation of fata with nickel is promoted by the presence of tellurium. Dewar and 
Liebmann claim that a mixture of nickel and copper oxides can be reduced in the oil at 190° 
and will hydrogenate cottonseed oil rapidly at that temperature, whereas nickel oxide alone 
requires a temperature of about 250° for reduction. Hochstetter found that a mixture of 
silver and copper was more effective for the synthesis of formaldehyde from methanol than 
either metal singly.* 

1 J. Phys. Chem 1920, 24, 241; contains a useful review of the subject up to 1920. 

* First report of the Committee on Contact Catalysis, 1922, p. 16. 
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604. Russell and Taylor 1 in a study of the reaction COj + 4Hj = CH4 + 2HjO found 
that, in this reaction, when it is catalysed by nickel, the presence of thoria causes a decided 
promoter effect. Now the higher the temperature at which nickel catalyst is reduced the 
lower its activity. Russell and Taylor, having in mind Taylor’s conception of a solid catalyst 
surface (see para. 217), view this effect of high temperature as due to the collapse of the 
"high points" of that surface, owing to the increased mobility of the atoms which coalesce, 
with loss of effective adsorptive power. The thoria promoter effect may be due to any or 
all of the following: (1) by creation of thoria-nickel interfaces the number of unsaturated 
nickel atoms is increased; (2) as a support thoria increases the catalytic surface; (3) thoria 
may influence, favorably, the adsorption ratio of the reactants and, possibly, of the reaction 
products. 

606. Alumina : Carrier Function. Rosenmund and Joithe 4 examined the r61e of alumina 
as a carrier or co-catalyst. In particular they considered the reduction of boraeol to isocam- 
phane by a nickel or nickel oxide (sic, Ipatiev) primary catalyst on alumina. The rdle of 
alumina is thought to be (1) adsorption bringing the reactant to the nickel; (2) dehydration. 
These investigators extend this explanation to the promoter actions of thoria and titania. 

606. Zelinsky and Kommarevsky & have also studied a catalyst composed of nickel on 
al umin um hydroxide. They contrast its action with that of nickel and find that it is more 
like a catalyst of the platinum group. In other words, the experimental results would seem 
to confirm the view that the aluminum hydroxide is a promoter, or a modifier, or a co-catalyst, 
at any rate, not a mere inert extending medium. 

607. Smith* investigated the catalytic effect in the synthesis of water between 75° and 
180° with an oxygen concentration of 2.4 per cent, of the following catalysts, prepared by 
reduction of the precipitated hydroxides, copper, nickel, copper-nickel mixtures, a mixture 
of copper and alumina. Copper prepared by reduction of the fused oxide was also used. 
The most efficient catalysts were those which formed the greatest amounts of oxide during 
catalysis and underwent the least change in physical structure, especially shrinkage, on 
reduction and later heat treatment. Precipitated copper, which shrinks most during its 
preparation, is the worst catalyst. 7 The order of decreasing catalytic efficiency is copper- 
alumina (19 : 1), copper from the fused oxide, nickel, nickel-copper (1 : 3), copper-nickel 
(1 : 7.5), and copper from the precipitated hydroxide. Heating to 444° is accompanied by 
shrinkage of the catalysts, a decrease in oxide-forming capacity, and, except in the case of 
nickel, a corresponding decrease in catalytic efficiency. These effects were slight with the 
copper-alumina catalyst and large with the precipitated copper. The behavior of the nickel 
may be explained by the changes in physical properties accompanying the transition tem- 
perature at 360°. The results show that the physical nature of the catalyst surface, as well 
as its chemical properties, is of prime importance in determining catalytic activity, and they 
agree with Taylor's theory of a catalytic surface. The probable mechanism appears to con- 
sist of the interaction of hydrogen molecules and activated oxygen molecules or atoms, in 
the form of an oxide, at points of greatest activity on the surface of the catalyst. The stable 
oxide formed seems to play little part in the synthesis. It is formed by an unavoidable side 
reaction which ultimately results in a partial poisoning of the catalyst.* 

608. Medsforth • inclines to the view that the usual function of promoters is to adsorb 
preferentially one of the reactants for which the main catalyst has insufficient adsorptive 
power in the conditions present, to produce a concentration ratio favorable to the reaction. 
Nevertheless he puts forth as possible explanations of some promoter effects: (I) The decom- 
position of "intermediate compounds"; (2) the formation of intermediate complexes with 
reactants which are then broken up by the primary catalyst with the production of new 
compounds. 

609. Armstrong and Hilditch, 10 on the other hand, find in the increase of 
catalyst surface a sufficient explanation of most promoter actions. This would, 

* J. Phut. Chem., 1925, *9, 1325; Chem. Abat., 1926. «0, 325. The abstract is full. 

4 Ber., 1925, MB, 2054; Chem. Abat., 1926, *0, 751. This abstract is unusually complete. 

* Ber., 1924, 57B, 667. 

• Ph V a. Chem., 1928, St, 719. 

T Cf. Armstrong and Hilditch, Proc. Roy. Soe., 1921, 99A, 490. 

• Brit. Chem. Abat., 1928, 719A. 

*J. Chem. Soc., 1923, U3, 1452; Idem, J.S.C.I., 1923, 4J, 423. 

'•Proc. Roy. Soc., 1923, 103, 25. 
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naturally, not be applied to selective promotion, of which many instances are 
known. 

610. The extension of the catalyst surface is not merely a question of area. 
It may be asserted, with confidence, that a square meter of catalyst in plane 
form, recently fused (“ fire-polished ”) would display less catalytic activity 
than the same area of subdivided catalytic material. The latter has, in the 
first place, sharp curves and in the second place, more interfaces: both these 
characteristics are important in the relation to enhanced catalytic activity . 11 

611. There is a considerable body of opinion to the effect that one impor- 
tant function of promoters is performed once for all during the preparation of 
the catalyst. This is the prevention of sintering, which would be accompanied 
by the diminution, not only of total surface, but also of the more important 
active points from which atoms would migrate to points of less free energy. 

611. Reciprocal Excitation and Inactivation of Catalysts. Quartaroii 11 has examined 
the influence exerted by certain substances when prc^nt in catalysed reactions, and finds 
that the same substance may act in one reaction as a retarding agent, and in another, similar 
reaction ns an accelerator. For example: nickel, cadmium and magnesium hydroxides retard 
the decomposition of alkaline hydrogen peroxide and, similarly, reduce the power of lead 
hydroxido to accelerate the decomposition of hydrogen peroxide. But these same agents 
greatly accelerate the decomposition of hydrogen peroxide by oxide of silver. 


Mixed Catalysts 
MIXTURE OF METALS 

613. Hitherto we have treated of hydrogenation catalysts as composed of 
single metals. In practice, however, they are often mixtures of metals. A cata- 
lyst composed of nickel with a small percentage of copper is of considerable 
importance in the fat hardening industry. The second metal is usually known 
as a promoter, though sometimes called an auxiliary or co-catalyst. 

614. Dewar and Liebmann 11 are among those who, rather early in the development of 
the hydrogenation of oils in the liquid state, availed themselves of such auxiliary catalysts. 
Heated oils were subjected to treatment with hydrogen in the presence of a mixture of the 
hydroxides, oxides, or carbonates of nickel, copper and cobalt, or of those compounds with 
palladium, platinum, silver, or silver oxide. 

616. Mutual Activation of Inactive Platinum Metals. Some rather remark- 
able results are reported by Remy and Schaefer . 14 They compared the activity 
of platinum metals and their alloys in catalyzing the union of hydrogen and 
oxygen at room temperature. A moderately active metal had its activity much 
enhanced by alloying with an inactive metal and an alloy of two inactive metals 
was highly active. 

616. Copper as Promoter or Co-catalyst with Nickel. According to Armstrong 
and Hilditch 16 a copper-nickel catalyst may be reduced in hydrogen when mixed 

11 Rideal and Taylor, loc. cit. % 108-109. 

“Go**, chim. Hal .. 1927, 67, 234; Chem. Abst., 1927, 21, 2088. 

11 Brit. Pat. 12,922, 1913; Chcm. Abet., 1916, 284; J.S.C.I. . 1915, 797. 

14 Z. anorg. alloem. Chem. % 1924, 136, 149; Chem. Abst., 1924, 18, 3307. 

11 Proc. Roy. Soc., 1922, A102, 27. 
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compounds of copper and nickel distributed on suitable carriers are heated to 
180° C., whereas nickel compounds alone under such conditions are not reduced 
by hydrogen below 300° C. and not rapidly below 350°-400° C. For the reduc- 
tion of nickel at this low temperature an intimate mixture of the copper and 
nickel compounds must be used, which must be more intimate than can be 
obtained by mechanical mixing. Co-precipitation is not always sufficient to 
obtain the desired degree of intimacy, for a comparison of the activity of the 
catalysts with the nature of the nickel cupric carbonates from which they are 
produced shows that both the nickel and the copper must be in the same complex 
molecule to obtain any marked degree of catalytic activity. It is suggested 
that the necessary local heat to provide a sufficiently high temperature for the 
reduction of the nickel is furnished by the reduction of the copper, provided 
the latter is in sufficiently close proximity to the nickel. 16 

617. Kayser 17 refers to the use in catalytic processes, of nickel compounds, 
such as the carbonate, hydrate, oxide, formate or acetate and to the effect of 
auxiliary catalysts. 

618 . Excessive heating of all but a limited quantity of fatty material may be avoided, in 
the practice of faUhardening, by preparing a concentrated fatty catalyzer-paste or catalyzer- 
cake, which is thereafter used at a lower temperature for the conversion of unsaturated fatty 
bodies in presence of hydrogen; or the preliminary treatment of the catalyzer stock may be 
carried out at relatively high temperatures in another medium, such as paraffine wax, the 
resulting catalyzer being thereafter isolated. These methods, however, are stated to be not 
without inconvenience and drawbacks. Kayser observes that these nickel compounds, and 
some others not hitherto available, can readily be converted into catalyzers of superior activity 
and longevity, and this at a temperature not exceeding 180° C., when the preliminary treat- 
ment is carried out in presence of a small quantity of certain finely divided metals, and that 
fatty bodies can, at a moderate temperature, be conveniently saturated with hydrogen to 
any desired degree if they are submitted to the action of hydrogen in the simultaneous pres- 
ence of the usual amount of nickel compound and of a comparatively small amount of finely 
divided auxiliary catalytic metal, such as would by itself exercise upon the fat but very slight 
action, or no action whatever. 

619 . Thus, if cottonseed oil bo agitated with hydrogen at 180° C. in presence of about 
2.5 per cent of commercial nickel carbonate, the mixture does not change color, and no 
hardening of the oil takes place. If the oil be similarly treated with the gas in the sole presence 
of about i g. of so-called •‘atomic" copper, prepared by the action of zinc dust on copper 
sulphate solution, a like negative result is registered. If, however, quantities of nickel car- 
bonate and copper metal be simultaneously present, the charge rapidly darkens and becomes 
progressively hardened, showing after two hours a melting-point of 46° C., after three hours, 
52° C., and after four hours, 56° C. When finally freed from suspended catalyzer by filtra- 
tion or other mechanical means, the fat will set to a white, tasteless and odorless, brittle solid. 
The recovered catalyzer can repeatedly be used in the same manner; its activity will at first 
be found to increase and then to slowly decline. Similar, but somewhat inferior, results are 
stated to bo produced with nickel hydrate in place of carbonate, while the oxides and organic 
nickel salts do not readily cooperate, or entirely fail, with copper. Such organic compounds, 
as the formate, on the contrary are, like the hydrate, the carbonate and the oxide of nickel, 
rapidly transformed and activated by a small quantity of catalytic metallic nickel, produced 
by dry reduction of the oxide, hydrate or carbonate in a current of hydrogen. Even the 
oxalate, otherwise quite stable, at 275° C. is said to bo readily transformed into an efficient 
catalyzer. For example, 250 g. of cottonseed oil, agitated with hydrogen at 180° C. in pres- 
ence of 3.5 g. of active nickel-powder, are in three hours hardened to a melting-point of 37° C.; 
in the simultaneous presence of 7 g. of nickel hydrate the charge rapidly turns grey and, when 

11 J.S.C.I. , 1922, 41 , 903A. See para. 625 for a copper-nickel catalyst reduced from 
co-precipitated formates below 200° C. 

17 U. S. Pat. 1,236,446, August 14, 1917. 
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filtered after three hours running, yields a white fat, melting at 45° C. In the same manner, 
cooperation of 0.6 g. nickel-powder with 12.6 g. nickel oxalate yields in three hours a white 
fat, melting at 64° C. The reactions described may frequently be facilitated by using, 
instead of the pure nickel compound and the pure auxiliary metal, the like bodies, deposited 
upon loeselguhr or a similar in different support. The chemical nature and the appearance 
of the catalyser produced by the process, varies with the auxiliary metal employed. Nickel 
is stated to yield a grey, non-metailic catalyzer, while copper produces a black body, develop- 
ing with hydrochloric acid far less hydrogen than what would correspond with the hypotheti- 
cal sub-oxide NfcO. 

€20. Mixed Metal Catalyst Containing Platinum. A catalyzer used in the production 
of propylene by the union of acetylene and methane and containing two catalytic metals is 
prepared by Heinemann in the following manner: 

621. One of the contact metals, for example, copper, is deposited in a porous body, for exam- 
ple, pumice stone, either electrolytically, or by the reduction of a copper salt. The pumioe 
stone, provided with a coating of copper, or having its pores partly filled with copper, is 
dipped in a solution of a salt of a contact metal of the platinum class, for instance, chloride 
of platinum, and is dried. The salt is then reduced. In this way there is obtained a contact 
body consisting of two metals which are stated to exert a mutual balancing effect on one 
another, the more active property of the platinum group metal being mitigated by the lees 
active property of the other metal associated therewith, allowing the desired reaction to take 
place at a moderate temperature. 1 * 

622. Ellis lt described the preparation of a mixed metal catalyst, containing 
nickel as the principal and a small percentage of copper as the auxiliary com- 
ponent, by reduction of the mixed hydrates in heated oil or glycerol. This 
nickel-copper catalyst is recommended especially for the hydrogenation of fish 
oil, and is considered to be more active than a simple nickel catalyst in the hydro- 
genation of oleic acid. This is one of the most extensively used industrial 
hydrogenation catalysts. 

623. Ellis also has proposed to make a mixed catalyst by heating mixtures of organic 
salts (e.g., oleates) of nickel, cobalt and copper in oil with or without a current of hydrogen.* 0 

624. According to Patel 11 the presence in nickel-kieselguhr catalysts of cobalt, silver or 
copper has an inhibiting effect on the hydrogenation of oils. For copper and cobalt, at any 
rate, this statement should not be accepted until corroborated. 

626. Catalyst from Mixed Nickel and Copper Formates. In the type of cata- 
lyst made by reduction of nickel formate by heating with hydrogen in the pres- 
ence of oil the temperature of reduction is much lowered (below 200° C.) by the 
presence of 10 to 20 per cent of copper formate. This avoids production of oil 
exhibiting a burnt taste or odor.” 

626. A somewhat original line of catalysts for the hydrogenation of cottonseed oil was 
described in 1921 by Kahlenberg and Ritter,** though no industrial use of them seems to 
have been disclosed since that time. They reported that while nickel was the best single 
catalyst, a mixture of nickel and cobalt in equal parts was better than either metal alone; 
zinc carbonate, freshly precipitated in presence of aluminum powder, was a fair catalyst; 
bismuth precipitated on charcoal and reduced with hydrogen at 350° C. was also fairly 
active. Two other nickel catalysts were described: (1) nickel deposited on arsenic-free zinc 
from a saturated solution of nickel chloride, this was found to catalyze the hydrogenation of 
the oil at atmospheric pressure and at low temperatures; (2) nickel chloride reduced with 
hydrogen at 180°-250°, this works fairly well at 170° C. 

11 U. S. Pat. 1,202.385. 

,f U. S. Pat. 1,156,068, Oct. 12, 1915. 

20 U. 8. Pat. 1.378,33 8. 

21 J. Indian Inst. Sci., 1924, 197; Chem. Abet ., 19, 740. 

21 U 8. Pat. 1.645,377. Oct. 11, 1927, to Ellis. 

Phu t. Chem ., 1921, 26, 89; Chem. Abet., 1921, 16, 1411. 
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617 . Suliberger 14 reduces nickel compounds in the wet way (e.g., by use of by d ratine) 
in presence of a small quantity of an “inciter" (e.g., compound of palladium). The presence 
of the latter increases catalytic activity. The product is not pyrophoric, but is active. It 
clarifies readily from oil. 

618 . The same investigator** prepares a catalyst, for hydrogenation of oil, which is 
essentially a mixture of nickel, cobalt or uranium as principal catalyst with platinum or palla- 
dium. An aqueous solution of nickel sulphate with 0.1 per cent of platinum is treated with 
hydraiine sulphate and heated with an excess of sodium hydroxide. A black precipitate is 
thrown down. This is an active non-pyrophoric catalyst.* 4 

619 . One variation of Schuck's method of preparing catalyst by atomising a mixed solu- 
tion of metal nitrate and sugar through a muffle, uses a solution containing two metals, one 
being nickel.* 7 

630 . Hagemann and Baskerville's method for the use of “tarnished shapes" of nickel as 
catalyst *■ prescribes the use of an alloy containing a small percentage of cobalt. 


Metal Catalyst with Non-metal Promotes 

631. When a metal catalyst is used in combination with a non-metal it is 
not always possible dogmatically to class the latter either as a promoter or as 
an inert carrier. Sometimes it seems to play both rdles and often it is difficult 
to say which is its primary function. This chapter must, therefore, somewhat 
overlap with the next which deals with “ inert ” carriers. 

632. The locus classicus for non-metallic promoters is in a series of patents 
taken out by the Badische Company from 1910-1914. *• 

633. The Badische Co. 10 report that the hydrogenation and dehydrogen- 
ation of compounds containing carbon can be carried out rapidly and at com- 
paratively low temperatures, by employing, as the catalytic agent, an intimate 
mixture of either iron, nickel, cobalt, or copper, with a high melting and difficultly 
reducible oxide, in particular, the oxides and oxygen salts of the earth metals, in- 
cluding the rare earths, and those of beryllium, magnesium, manganese, uranium, 
vanadium, niobium, tantalum, chromium, boron, titanium and also difficultly 
soluble phosphates, molybdates, tungstates and selenates of the alkaline earths, 
and of lithium, or the reduction products, containing oxygen, of these phosphates, 
molybdates, tungstates, or selenates, as for instance, the corresponding selenites: 
all of these compounds containing oxygen, which augment the activity of the 
catalytic agent, are termed “ promoters ” (the name is no longer limited to 
oxygen-containing compounds). 

634 . The oxygen-containing salt* of the alkaline earths and of lithium appear to have 
the same action as the corresponding salts of aluminum, magnesium, and the like, althoutfi 
lithium oxide and the oxides of calcium, barium, and strontium are themselves not suitable 
for use as promoters. An intimate mixture of the catalytic metal and a promoter is required 
and it is not sufficient, according to the Badische Co., merely to pack the components, for 
instance, nickel and alumina, aide by side, into the reaction space, nor is it adequate to absorb 

u U. S. Pat. (reissue) 1,164,141, May 27, 1919. 

** Sulxberger, U. S. Pat. 1,426.517, Aug. 22, 1922; Canad. Pat. 181,447, 1918. 

*• Chem. Abat .. 1922, 16 , 3768; ibid., 1918, 605. 

17 Chem . Abat., 1920. 1228. 

* See para. 1051. 

99 See: Rideal and Taylor. Catalysis in Theory and Practice, 2d ed., p. 38. 

40 Brit. Pat. 2306, 1914. 



58 


HYDROGENATION 


a solution of a salt of the catalytic metal into a porous mass, such as magnesia, and then 
decompose the salt of the catalytic metal. Good results can be obtained by precipitating 
the hydroxides, oxides, or carbonates, of the components; or mixtures of salts, for instance, 
the nitrates of the components, can be heated to fusion. Further, it is stated that the mix- 
ture can be obtained, although not always with equal certainty and excellence, by mechanical 
operations, such as by grinding together as finely as possible, or by kneading in a moist state. 
If necessary the mixture is subsequently heated and reduced so that the catalytic metal 
(iron, nickel, cobalt, or copper), is obtained in a metallic condition, while the promoter always 
retains more or less oxygen. When the promoter is to consist of an insoluble oxide such, for 
instance, as aluminum oxide and titanium oxide, it is preferred to start with a soluble com- 
pound, and to precipitate, or otherwise form the insoluble oxide on the catalytic metal, or 
on the compound from which the catalytic metal is to be prepared. For instance, if aluminum 
acetate be employed to yield the promoter, aluminum oxide, the acetate can be merely heated 
in the presence of the catalytic metal, or a compound of the latter, so that the acetic acid is 
driven off, and the alumina remains. If insoluble salts, such, for instance, as certain chro- 
mates and borates, be employed as promoters, these are preferably brought into intimate 
mixture with the compound, which is subsequently to give rise to the metallic catalytic agent, 
by precipitation from suitable soluble salts. The salts which act as promoters may contain 
the oxide, to which the promoting action is ascribed, either in the acid constituent, or in the 
basic constituent, or in both the acid and basic constituents. Calcium aluminate and alu- 
minum phosphate are instances of compounds of this character. In some cases the promoter 
may consist of a salt, of which neither the acid constituent nor the basic constituent of itself 
acts as a promoter. Calcium phosphate is an example of this type. 

•3$. It is particularly advantageous for the purpose of producing a very active contact 
mass to prepare, at least the catalytic metal, from carbonaceous salts, or mixtures of salts; 
for instance, from carbonates or from formates. Sometimes the action of the catalytic mix- 
ture, it is alleged, can further be increased by adding an alkaline metal compound, for instance, 
caustic soda, even traces of such bodies often having a favorable action. The introduction 
of bodies such as chloride, sulphur, arsenic, and lead, which may, in the elementary form, act 
as contact poisons, is to be avoided, although those contact mixtures are claimed to be not 
so sensitive to the action of poisons as are the pure metals. It is consequently possible to 
employ as a promoter an oxygen salt which contains one of the poisonous elements, but in 
which the poisonous action is counteracted by the promoting influence of the oxide; for 
instance, basic aluminum sulphate is observed to possess a strong promoting action. The 
proportion of the components employed in the catalytic mixture may be varied considerably, 
even an addition of 1 per cent, or less, of the promoter is stated to produce in most cases, 
favorable action. These catalytic mixtures can be used for the hydrogenation and dehydro- 
genation of compounds containing carbon and are claimed to be of particular valuo for the 
hardening of fats and fatty acids, but they can also be used for other purposes, for instance, 
for converting phenol into cyclohexanol and for reducing nitrobenzene to aniline, and for 
the conversion of oxides of carbon into hydrocarbons. The use of mixtures containing strongly 
basic bodies in the hydrogenation of fats is undesirable. The presence of strong bases is, in 
such cases, detrimental, since they tend to saponify and very soon disappear from the contact 
mass. 

• 36 . The following are examples of how catalysts can be prepared according to the fore- 
going, and how they are applied in the hydrogenation of organic bodies. The parts are by 
weight. 

1. Pour an aqueous solution of 1 part aluminum nitrate over 5 parts of nickel oxalate. 
Evaporate the mixture and dry it and reduce it in a current of hydrogen at from 300° to 
350° C. Then introduce the catalyzer, while excluding air, into a vessel provided with a 
stirrer, the vessel containing fish oil. On treatment with hydrogen at, for instance. 100° C., 
hydrogenation takes place considerably more rapidly than if pure nickel were employed as 
the catalytic agent. Instead of aluminum nitrate, cerium nitrate, or cerium ammonium 
nitrate, can bo employed. 

2. Precipitate a hot solution containing nickel nitrate and aluminum nitrate with potas- 
sium carbonate, wash and dry the precipitate, heat it to 300° C., and reduce with hydrogen. 
Then place the catalytic mixture with soya-bean oil in an autoclave, while avoiding the pres- 
ence of air, heat to 80° C. and allow hydrogen to act at a pressure of 20 atmospheres while 
stirring the constituents. The hydrogenation takes place very rapidly. If desired the pressure 
can be increased, for instance, up to 50 atmospheres, or higher. In this example, good results 
can also be obtained if iron nitrate be employed instead of nickel nitrate. 
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3. Mix 13 part* of nickel hydroxide with 2 parte of magnesium hydroxide, and warm 
gently with oonoentrated formic acid free from sulphur, until the formates are obtained. 
Heat the mixture cautiously until dry, and then treat with hydrogen at 300° C. On treating 
olive oil with hydrogen in the presence of this catalytic mixture at say, from 80° to 100° C., 
hydrogenation is effected more rapidly than is the case when pure nickel is used. In this 
example the hydroxides can, if desired, be replaced by the corresponding carbonates. Car- 
riers such as pieces of clay can be employed, these being soaked in a melt, or solution, of 
nickel salts, preferably of the soluble double salts, such as nickel ammonium formate, or 
ammoniacal nickel carbonate, together with similar salts of the promoter, and then treated 
as described. 

4. Make nickel wire netting into the form of loose spheres or rolls, clean these with pure 
dilute nitric acid, wash and moisten them with a moderately concentrated solution of alu- 
minum nitrate; then dry and treat with hydrogen at from 300° to 350° C. The contact mass 
containing alumina can, for instance, be employed for the hydrogenation of linseed oil which 
can be allowed to trickle over the catalytic agent while the hydrogen is supplied. 

5. Dissolve 85 parts of nickel nitrate and 15 parts of titanium lactate in a small quantity 
of hot water and precipitate by means of caustic soda, or sodium carbonate, then filter, wash, 
dry, and reduce with hydrogen at 300° C. and add the catalytic mixture containing titanium 
oxide to cottonseed oil, and treat with hydrogen at from 100° to 120° C., while keeping the 
mixture in motion. If desired the reaction can be carried out under increased pressure (for 
instance, 100 atmospheres) and in this case the hydrogenation takes place very rapidly and 
completely, even at a temperature of 90° C. or lower. Further, the process can be made 
continuous by allowing the oil to flow over the catalytic agent in a vessel capable of with- 
standing pressure while simultaneously passing a current of hydrogen into, or through the 
apparatus. The product is drawn off while hot and allowed to solidify. 

6. Take freshly precipitated nickel carbonate and add from 10 to 20 per cent of its weight 
of ammonium or potassium borate, which has previously been dissolved in water. Then 
form the mass into any desired shape, and dry and reduce it. The mixture can be employed 
for hydrogenating oils and fats, either at ordinary pressure or under increased pressure. If 
chromium oxide be used as the promoter, this can be obtained, for instance, from chromium 
nitrate, or from soluble chromates, by precipitation. Further, when boron oxide is employed 
as the promoter, the oxide, or carbonate, of the catalytic metal may be mixed with solid, or 
dissolved, boric acid and then be heated and reduced; or the salt of the catalytic metal, for 
instance, the nitrate, can be mixed with the borate of the same metal, or of a volatile or non- 
volatile base, and the mixturo is then calcined and reduced. 

7. Add 2 parts of dissolved potassium aluminate to a solution containing 30 parts of 
nickel nitrate and 1} parts of calcium nitrate and introduce the whole into a boiling solution 
of sodium carbonate. Then filter, wash well, dry and reduce. Or add a solution of 1$ parts 
of magnesium nitrate to 5 parts of nickel carbonate, and then add a solution of f of a part 
of ammonium phosphate and precipitate with caustic sode, or sodium carbonate, filter, wash, 
dry and reduce. The nickel catalytic agent containing calcium aluminate, or magnesium 
phosphate, as the case may be, can be employed for hydrogenation purposes, for instance, it 
may be introduced into oil which results from cracking petroleum residues and which is rich 
in unsaturated compounds, whereupon hydrogen is allowed to react at a temperature of 100° C. 
and at a pressure of 80 atmospheres. The iodine number is rapidly reduced and at the same 
time the color and unpleasant odor diminish. 

In a similar manner other contact mixtures can be employed, which contain as a pro- 
moter, for instance, calcium vanadate, barium chromate, aluminum borate, barium tung- 
state, or lithium phosphate, or the compounds which result on the reduction of these bodies. 

8. To a hot solution of 13 parts of nickel nitrate and 2 parts of chromium nitrate, add a 
hot solution containing 6 parts of anhydrous sodium carbonate. Filter off the precipitate, 
wash it until the filtrate is free from alkali, then dry and reduce it. With the help of this 
catalytic agent, soya-bean oil can be hydrogenised rapidly at a low temperature. 

9. Suspend 40 parts of nickel carbonate in a solution containing 1 part of ammonium 
tungstate and then add a solution of 1 part of barium nitrate, filter off the product, wash it 
well, dry and reduce it at 300° C. The product can be employed, for example, for hydro- 
genating sesame oil at 120° C. 

10. Mix to a paste 50 parts of nickel carbonate and a solution of 13 parts of calcium nitrate 
and then stir in a solution of 7 parts of ammonium phosphate. Filter off the product, wash 
well, dry and reduce at from 300° to 350° C. The product can be employed for hydrogenat- 
ing fish oil. 
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11. Stir 80 parta of nickel carbonate into a solution of 2.6 parts of strontium nitrate, and 
add a solution of 2 parts of ammonium selenite. Filter off the product, wash well, dry and 
reduce. The product can be used for hydrogenating cottonseed oil. 11 

637. The continuous hydrogenation of unsaturated fatty acids or esters may be carried 
out according to the Badische Co.” in the following manner: As a catalyzer is employed 
nickel, copper, iron, or a mixture of these metals with one another or with agents promoting 
the activity of the catalyzer. The process is effected under pressure of at least 30 atmos- 
pheres and preferably over 50 atmospheres, the catalyst being supported in the pressure 
vessel so as not to mix with the substance treated. The preparation of the catalyzer may 
be accomplished by reduction of an oxygen compound of the metal by means of hydrogen 
under pressure in the same apparatus used for the hydrogenation of the fatty acid, etc. 
According to examples : finely divided nickel, prepared by reduction of the oxide or carbonate 
at a low temperature, is supported on a carrier in the pressure vessel, or nickel pieces or wire 
netting is suitably held therein. Cottonseed or linseed oil is passed into the vessel and 
treated with hydrogen at 100° under a pressure of 120 atmospheres. Nickel carbonate or 
formate mixed with alumina and formed into balls or spread on a carrier, is placed on per- 
forated trays in a cylindrical high-pressure apparatus and reduced at 220° to 250° by means 
of hydrogen under pressures of 30-100 atmospheres. The reduced metal is allowed to cool 
in hydrogen under a pressure of 30-100 atmospheres. When cooled to about 80°, a stream of 
the oil to be hydrogenated and hydrogen under pressure are introduced into the apparatus. 

638. Kita and Maxume ” studied the effect of various substances upon the activity of 
a metallic nickel catalyst in the hardening of soya-bean oil (iodine value 130) at 170° C., 
the quantity of the added substance being 2-16 per cent (increasing by 2 per cent) of the 
nickel and the time of reaction 1.5 hours. The substances used were aluminum hydroxide, 
calcium and magnesium phosphates, magnesia, calcium borate, stearic and palmitic acids 
(iodine value 7.3 and 2.0), and sodium carbonate, and they were either mixed with the metal- 
lic nickel or mixed with nickel oxide or hydroxide and the nickel compound then reduced to 
metal. The effect of the added substance varied according to the method of mixing it with 
the catalyst. In general, an accelerating effect was observed when the added substance 
was mixed with the nickel compound before reduction, but addition of large amounts of the 
substances had a prejudicial effect, and sodium carbonate in any proportion acted injuriously. 
Water, which has a poisonous action upon weak catalysts, they assert has no injurious 
effect upon a powerful catalyst, such as nickel. 

639. Ellis 34 prepares a nickel catalyst with an insoluble sulphate as a promoter (acceler- 
ator). This is made, for example, by mutual precipitation of barium hydroxide and nickel 
sulphate, with or without calcium, magnesium, palladium or other compounds. 

640. Bosch, Mittaech and Schneider ” suggest a form of catalytic material useful for carry- 
ing out hydrogenation and dehydrogenation rapidly, with certainty and at comparatively low 
temperatures. An intimate mixture of a common metal, iron, nickel, cobalt and copper, with 
a phosphate of an alkaline earth metal as a promoter, is employed. It is necessary to effect 
an intimate mixture of the catalytic metal and the promoter. If calcium phosphate be 
employed as the promoter, the oxide or carbonate of the catalytic metal can be mixed with 
calcium phosphate and the mixture thereupon be heated and reduced. A still better method 
consists in taking an insoluble salt, such as the carbonate, or an oxide of the catalytic metal, 
and adding to it a solution of a calcium salt, for instance, calcium nitrate, and then to add the 
necessary quantity of phosphoric acid, either as such or in the form of ammonium phosphate, 
or alkali metal phosphate, in order to convert the calcium into phosphate. It is preferred to 
employ basic phosphates, such as tri-calcium phosphate, as promoters. 

641. It is advantageous for the purpose of making a very active contact mass to prepare 
the catalytic metal from carbonaceous salts or mixtures of such salts, for instance, from car- 
bonates or from formates. It is often useful to add to the mixture, bodies of inorganic or 


11 Seifen. ZtQ. % 1914 , 1133; Zextsch. anyeu?. Chem ., Referat .. 1916 , 220; Ger. Pat. 282,782. 
December 12, 1913; Chem. Ztg. Rep. % 1916 , 155. Austrian Pat. 72,758, November 25, 1916. 
See also U. S. Pat. 1,271,013, July 2, 1918. 

” Brit. Pat. 2,307, Jan. 28, 1914; Chem. Abs., 1916 , 125; J.S.C.I.. 1916 , 970. 

M Rikwagaku Kenkyujo Iho (Rep. Inst. Phys. Chem. Research ), 1923, 9 , 1; J.S.C.I. , 1923 
41 , 728A. 

M U. S. Pat. 1,426,629, Aug. 22. 1922; cf. Chem. Abst., 1922, 16, 352. 

M U. 8. Pat. 1,215,335, February 13. 1917. 8ee also 1,271.013, July 2, 1918. 
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organic nature, which act either aa camera or as binding agents, or which increase the porosity 
of the contact mass. Asbestos, charcoal, or pumice may be used. The catalytic metal can 
be employed either in a state of fine division or in a more compact form, such as wire netting, 
or wool, or in sheet form. Catalytic mixtures made according to this method can be used 
for the hydrogenation and dehydrogenation of compounds containing carbon and are of par- 
ticular value for the hardening of fata and fatty acids. The reaction can be carried out either 
at ordinary pressure or under increased pressure, for instance, above 50 atmospheres and in 
most cases proceeds sufficiently rapidly at temperatures below 180° C. 

Example. — Suspend 5 parts by weight of nickel carbonate in a solution of 1.3 parts of 
calcium nitrate, and then precipitate the calcium by the addition of 0.7 part of ammonium 
phosphate (NH4H2PO4). Filter, wash well, dry and reduce with hydrogen at about 350° C. 
This contact mass may be employed in the^ reduction of cottonseed oil by means of hydrogen 
at about 130° C. In another case the same investigators employ an oxide of boron as a pro- 
moter, and as an example they recommend to mix freshly precipitated nickel carbonate with 
10 per cent of its weight of ammonium borate previously dissolved in water. The product 
is dried and reduced. Calcium borate may be similarly used. This catalyzer is recommended 
for hardening fish oil.** 

642. Mixed Catalysts Containing Free Carbon. In the preparation of a catalytic body 
Ellis 37 recommends the use of wood charcoal which possesses the property of absorbing or 
occluding hydrogen and when incorporated with nickel or other metal catalyst serves as an 
activator and storehouse of hydrogen. If nickel is used, a ratio of 1 part of metal to 4 parts 
of charcoal is best not exceeded. The metallic compound may be precipitated more or less 
on the surface of the charcoal particles by wetting the latter with a solution of a precipitant 
and adding a solution of a nickel salt. 

643. An essentially similar catalyst 38 has been proposed by Nicodemus, though the 
method of arriving at the result is different. Carbonizable material with a cellular structure, 
such as peat or wood, is saturated with catalytic material in solution or in the colloidal form, 
and, after compression in moulds, is carbonized in the presence of gases containing ammonia, 
and then calcined. 39 

644. Ellis 40 deposits nickel electrolytically in a highly extended form (either independently) 
or on a carbonaceous body such as finely divided graphite or charcoal. 41 According to 
another method Ellis 43 treats purified charcoal with ammoniacal solution of nickel hydroxide 
so as to give 10-30 per cent of nickel on the weight of charcoal. After drying and elimination 
of ammonia, the metal is reduced in hydrogen. This procedure is expanded and modified 43 
by saturating charcoal with a solution of a nickel compound (e.g., acetate, sulphate, or an 
ammoniacal solution of nickel hydroxide; the nitrate is less suitable). The product is reduced 
in hydrogen at a low temperature. If the nitrate has been used reduction should be followed 
by prolonged heating in nitrogen. In a second modification freshly precipitated nickel car- 
bonate is mixed with a binder, such as sugar or dextrin, and the charcoal is coated with this 
mixture. 

646. Ittner 44 impregnates charcoal with certain mineral substances (e.g., compounds of 
earth metals or of alkaline earth metals, alumina, silicates of aluminium, calcium, magnesium 
and cerium), and then with a compound of nickel (or other catalytic metal). On reduction a 
catalyst of exceptional activity in hydrogenation is said to be obtained. 

646. Byers treats sugar with sulphuric acid. The resulting porous sugar charcoal is 
impregnated with a solution of nickel nitrate. The nitrate is decomposed by treatment with 
sodium hydrate or with sodium carbonate: the mass is washed and dried. Alternatively the 
nitrate may be decomposed by heat. In all cases reduction is effected by heating in hydro- 
gen not above 360° C. 44 


34 U. S. Pat. 1,215.334, Feb. 13, 1917. 

37 U. S. Pat. 1,060,673, May 6, 1913; cf. U. S. Pat. to Ellis. 1.088,673, Feb. 24, 1914. 

38 Ger. Pat. 438.071, June 14. 1924, assigned to I. G. Farbenind. A.-G. 

39 Brit. Chem. Abst ., 1927, 467B. 

40 U. S. Pat. 1,151.003, Aug. 24, 1915. 

41 See also: U. S. Pat. 1,300,414, July 4, 1919; J.S.C.I., 1919, 28, 544A. 

43 U. S. Pat. 1,156,674, Oct. 12. 1915. 

43 U. S. Pat. 1,320,039, Oct. 28, 1919; Chem. Abst., 1920, 135. 

44 U. S. Pat. 1,238.774, Sept. 4, 1917. 

44 U. S. Pat. 1,470,552, Oct. 9, 1924; Chem. Abst., 1924, 177. 
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stances including kieselguhr. The latter material is referred to as a catalyst 
carrier for general use and not particularly for one purpose. Kieselguhr should 
therefore be regarded as a readily available carrier for nickel from the days 
when the oil-hardening process was in its infancy. 60 

661. According to Erdmann, 61 priority in the use of kieselguhr as a carrier 
for a nickel catalyst in oil hardening belongs to Kayser who applied for a patent 
in the United States on January 10, 1908 (U.S. Pats. 1 ,004,034, 1911, and 1,008,- 
474, 1911). Erdmann and Bedford 61 used pumice as a carrier for a nickel catalyst 
in the hydrogenation of fatty acids and esters. 

662. On Aug. 6, 1910, Paal applied for a patent in Germany for the use of 
palladium on kieselguhr in oil hardening (Ger. Pat. 236,488, July 7, 1911, to 
the Verein. Chem. Werke, A.-G.). 

663. A variety of material has been used for catalyst support. The following 
list is given by way of exemplification of this diversity and is not exhaustive: 
Aluminum and other metals, alumina and other metallic oxides, bauxite, alun- 
dum, kaolin and other clays, pumice, fuller’s earth, kieselguhr, asbestos, talc, 
mica, barium sulphate, dry magnesium sulphate, glass, ceramic surfaces, silica in 
various forms, fibrox (fibrous oxy-carbide of silicon), carborundum, charcoal in 
various forms, graphite. Some of these materials, in addition to their function 
as supports, have, in certain catalyses, a distinct promoter action. Others, such 
as kieselguhr and fuller’s earth, are useful in clarifying the product. Indeed 
this seems very early to have prompted their use in the hydrogenation of oils. 
The product of hydrogenation by unsupported nickel contained the catalyst in 
such fine suspension as to hinder filtration: but when nickel supported on kiesel- 
guhr was used, though the catalyst did not settle out completely, the oil was 
easily clarified by filtration through its own nickel-kiesclguhr sludge. 

664. Yet another important property of carriers is brought out in the fol- 
lowing table: 


Figure* Showing Correlation between Specific Gravity, Apparent Volume and Catalytic 
Activity of Unaupported and of Supported Nickel. *' 


Source of 
Reduced Nickel 

Temperature 
of Reduction 

Reduced Nickel 

Catalytic 

Activity 

Density 

Appt. Vol. 
Cc. per Gram 

Powdered fused oxide 

500° C. 

8.14 

0.52 

None. 

Precipitated hydroxide 

/ 300° C. 
\ 500° C. 

7.85 

8.18 

0.83 

0.56 

Fair. 

Very little. 

Precipitated on Kieselguhr . . 

500° C. 

1.85 

2.67 

Very active. 


60 Seifen. Zto„ 1915, 310. 

“ Seifen Zto 1915, 239. 

11 Ber., 1909, 1324. 

M Armstrong and Hilditch. Catalysis at solid surfaces. Inst, internal, de ehimie Soltay, 
1925. 
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647. Metallized Carbon Catalyst 41 Carbon on and in which catalytic metal is deposited 
ia said to be an efficacious catalyst in the reduction of the hydroxy and acid compounds in 
tars from carbonisation of coal, etc. For example, paracresol is reduced to toluene by dis- 
tilling it mixed with hydrogen, over metallized carbon maintained at 430° C. 

648. Experiments with a Growth-Impregnated Charcoal Catalyst Twigs of willow 
were grown in nickel nitrate and ammonium nitrate solutions (50 g. per liter). After car- 
bonization and powdering, the charcoal was reduced at red heat with ammonia gas. Com- 
mercial linseed oil was hydrogenated at 1 atmosphere pressure at temperatures of 150°, 
160°, 170° and 180°. The charcoal powder contained 30 per cent of nickel and was used at 
the rate of 1 g. per 100 cc. oil. The iodine number was reduced from 183 to 166 in 70 min- 
utes at 150°, to 128 in 70 minutes at 160°, to 107 in 70 minutes at 170°, and to 104 in 70 min- 
utes at 180°. The efficiency of the charcoal appeared to be well maintained and removal of 
the charcoal from the oil presented no difficulty if the filtration was carried out while hot. 47 

CARRIERS 

649. Carriers, 48 or inert supports for solid contact catalysts are frequently 
used. Contact catalysis having been soon recognized as a surface phenomenon, 
what was more natural than to seek to increase the surface presented by the 
catalyst to the reactants? Thus we have platinum-black and platinum sponge 
used. To-day the idea that a solid catalyst should be finely divided is so com- 
monplace that it seems almost an original intuition of the human mind. The 
early contact catalysts were expensive, so greater surface was secured by spread- 
ing them in tenuous layers on such substances as asbestos. The same procedure 
is used to-day with platinum, palladium and other costly metals, though in some 
important processes metallic gauzes are used. 

649A. An interesting inert support for the catalyst is used in the Schroder- 
Grillo contact process of sulphuric acid manufacture. Crystalline magnesium 
sulphate (MgSO«7H f O) is treated with a solution of a platinum salt and heated 
in presence of sulphur dioxide. The platinum is reduced and the sulphate is 
dehydrated and in this process the latter swells up very much. The platinum 
on the surface of the dry sulphate amounts to about 0.25 per cent of the weight 
of the latter. With 5 g. of platinum 1 ton of “ oleum ” can be produced with a 
loss of only 20 mg. of metal. 49 

660. The precipitation of catalytic substances on carriers has been known 
for about fifty years, dating from the German Patent No. 4566 by Clemens 
Winkler in Freiberg, who stated that he could use “ as indifferent supports or 
carriers of the true contact agent almost all fluffy, porous substances, especially 
asbestos but also glass, slagwool, pumice stone, kieselguhr and clay and, provided 
the use of the material does not require high temperatures, also organic fibrous 
material such as cellulose, cotton, guncotton and sponges. Winkler describes 
thoroughly how the catalytic metal is precipitated upon these various sub- 

41 Brit. Pat. 225,885, Dec. 8, 1924, to Naaml. Vennoota. Handelsondememing Feynald 
Maatachappij tot Exploit, van Octrooien, assignees of Stadnikoff. The description does not 
expressly exclude non-catalytic reactions. 

47 Pickles, Chem. Age (London), 1923, 8, 166; Chem. Abet., 1923, 17, 1899. 

48 Although the word substrate has long been firmly established as a term for the substance 
acted on in fermentation and is, therefore, justifiably applied to tho substance acted on in 
catalysis, it has, unfortunately, been recently applied in patents to the carrier of a catalyst. 
This is a case of conflict between etymology and established usage. 

49 J. Soc. Chem. Ind., 1903, IS, 348; Rideal and Taylor, loc. tit ., p. 86. 
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The point brought out by this table which is of present interest is that, by sup- 
porting nickel upon kieselguhr, a higher temperature can be used in the reduc- 
tion, without impairment of the catalytic activity. It is also stated that nickel 
catalyst so supported is less sensitive to poisons. 

666. Effect of Supports. Pease and Stewart 54 have compared the catalytic 
activity and the adsorptive power of iron, cobalt, nickel, copper and silver. The 
metals deposited on diatomite brick were used as catalysts in the hydrogena- 
tion of ethylene. The catalysts w'ere similarly prepared and are therefore com- 
parable. Cobalt and nickel caused instantaneous action at — 20° C.; iron was 
moderately active at 0°, copper at 50° C., and silver at 100° C. A support gives 
stability where it is needed, but it yields a catalyst of somewhat smaller surface. 
Supported copper is a poorer catalyst than the unsupported material. This 
metal can be reduced at comparatively low temperatures, and the use of a sup- 
port, which obviates reduction at high temperatures and the accompanying 
sintering and deactivation, is of no particular advantage as it is in the case of 
the other metals. More hydrogen is adsorbed by nickel and cobalt than by the 
other metals, and more ethylene by iron. In the presence of silver at 100° C. the 
reaction rate is proportional to the hydrogen, and independent of the ethylene 
concentration. In the presence of iron at 0° excess of hydrogen increases the 
rate, while excess of ethylene has little influence. Heats of activation are 
recorded. The highly active hydrogenation catalysts are those metals which 
in ionization produce large numbers of stable complexes in solution. This is 
probably due to a capacity for electron sharing, and it may be that this associa- 
tive property of the metal brings the reactants together and renders them 
both labile, so that a system of lower free energy is produced. 65 

666. Adsorptive Power of Carrier and Catalytic Activity. An important paper 
has been published by Sabalitschka and Moses 56 in which are collated the 
adsorptive powers of certain carriers and the activity of the metal-support 
catalyst. The catalytic hydrogenation of maleic and fumaric acids and sodium 
cinnamate were examined in the presence of palladium deposited on blood, 
beech, fungus, bone, and sugar charcoal and on barium sulphate and kieselguhr. 
The adsorptive power of the catalysts towards hydrogen could not be defi- 
nitely determined. The sequence of diminishing powers towards fumaric and 
maleic acids and sodium cinnamate was: blood, beech, fungus, bone, and sugar 
charcoals; barium sulphate and kieselguhr (equal). The activity of the cata- 
lysts obtained by loading different carriers with an equal amount of palladium 
depended to a greater or less extent on the carrier. With freshly prepared mate- 
rials, the activity towards all three unsaturated substances diminished in the 
sequence: blood, fungus, beech, bone, and sugar charcoals; barium sulphate 
and kieselguhr; palladium without carrier. The activity was also dependent 
on the manner in which any given carrier was charged with a definite amount 
of metal; for example, sugar charcoal, barium sulphate, and kieselguhr catalysts, 


54 /. Amcr. Chan. Soc ., 1927, 49, 2783. 

55 Brit. Chan. Abet ., 1928, 29A. 
u Ba. % 1927, 60S, 786. 
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prepared from the hydroxide and subsequently preserved, had a greater activity 
than fresh catalysts prepared from the chloride. Ignition in a high vacuum and 
saturation with hydrogen diminished the activity of all catalysts to an extent 
which increased with the number of such treatments; the catalyst was not 
reactivated by oxygen. The adsorptive power of the catalysts towards hydro- 
gen depended on the type of carrier and was scarcely affected by the mode of 
charging with palladium; palladium-free carriers did not absorb hydrogen 
measurably. 

666A. The activity of the palladized carriers depended greatly on the extent 
to which the palladium compound was adsorbed by the carrier previous to reduc- 
tion. With carriers of low adsorptive power, more efficient catalysts were 
obtained by use of the readily adsorbable palladium hydroxide in place of the 
chloride, whereas with good adsorbents little difference was observed in the 
various products. The activity of palladized barium sulphate was dependent 
on the degree of division of the palladium. The catalytic activity was influ- 
enced in varying degree by the volume of the liquid in which it was distributed 
during hydrogenation. 

Separate determinations of the adsorptive powers of palladized catalysts 
toward hydrogen and the substances undergoing hydrogenation and of the 
catalytic activity of these catalysts under similar conditions indicated a pro- 
portionality between the three properties, but show that the catalytic activity 
did not depend directly on the magnitude of the adsorption. Sabalitschka and 
Moses arrive at the conclusion that the important function of the carrier is the 
provision of a larger surface (contrast para. 655) and favorable disposition of the 
catalyzing metal by adsorption of the compound from which it is formed by 
reduction; it also secures a better distribution of the metal in the reaction mix- 
ture and preserves the fine division of the metal by hindering aggregation, which 
otherwise takes place readily. 17 

•57. According to Crosfiold 41 kieselguhr or the like is impregnated with a solution of nickel 
sulphate and the impregnated material treated with alkali hydrate to precipitate nickel 
hydrate in and on the porous material. The product is then well washed, dried and reduced. 
If kieselguhr is used the powder should contain about 30 per cent of metallic nickel. * 

•58. A similar procedure is recommended by Kayser. 40 In this case, however, the nickel 
sulphate or other nickel salt in concentrated solution may be used in an amount to saturate 
kieselguhr while leaving it in an apparently dry condition, when it is incorporated with a 
molecular proportion of powdered carbonate of soda and the mixture thrown into boiling 
water, dried and reduced. 

•59. Kayser states that there are various known ways for producing metallic powders in 
a state of fine division. Nickel powder, which for many purposes is recognized as the most 
potent catalyzer technically available, is, for example, most conveniently produced by acting 
upon such nickel compounds as the chloride, oxide, hydrate or carbonate at an adequate 

17 Ber. t 1920, 50B, 786; Brit . Chem. Abat ., 1927, 427A. 

“Brit. Pat. 30,282, 1910. 

• Ubbelodhe and Woronin ( Petroleum , 1911, 7, 9) prepared a catalyzer by crushing a 
plate of porous clay (which had been ignited) to form particles of about the size of peas. 
Nickel nitrate was melted and heated until water vapor ceased to be evolved. Then the clay 
particles were added and the mass was stirred and strongly heated to expel the oxides of 
nitrogen. This step was followed by reduction with hydrogen at 360° C. 

40 U. 8. Pat. 1,143,343, June 15, 1915. 
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temperature with hydrogen. The catalytic energy of such a powder, however carefully pre- 
pared, he says, is at best an uncertain quantity; frequently it is feeble, and sometimes, for no 
conclusive reason, it is altogether lacking. Furthermore, powder thus produced is specifically 
heavy and he claims cannot be easily kept in suspension in a liquid medium like oil, when that 
is desired, nor can it, since it forms an almost impervious sediment, be readily separated and 
recovered from such liquid medium by a contrivance like the filter press. The same objeo- 
tons, he says, apply to nickel powder prepared by other means; and, in the endeavor to 
improve on these, Kayser brings a compound of nickel, such as the nitrate, oxide, hydrate or 
carbonate, into intimate contact with an inert, absorptive and comparatively bulky mineral 
substance, such as kieselguhr and infusorial earth, dries and comminutes the product, and 
reduces the powder thus produced. In one case he saturates kieselguhr with a solution of 
nickel nitrate, dries the mixture, employing in the case of the nitrate sufficient heat to expel 
the nitric acid, grinds the resulting product and reduces with hydrogen. Another way is to 
permeate or saturate kieselguhr with a solution of nickel chloride, nickel sulphate or other 
soluble nickel salt, enter the resulting product, with or without previous drying, into a boiling 
solution of carbonate or hydrate of soda or other suitable precipitant, remove the soluble 
salts formed by washing, dry and comminute the residue, and reduce it as before. A third 
and preferred method, as stated, is to saturate the kioselguhr with a solution of nickel chloride, 
nickel sulphate or other nickel salt, using so much solution only as will leave the kieselguhr 
in an apparently dry and freely workable condition, incorporate a molecular proportion of 
powdered carbonate of soda or other powdered precipitant, throw the mixture with constant 
stirring into boiling water, remove the soluble salts formed by washing, dry and comminute 
the mixture, and reduce as before. To develop the highest catalytic efficiency. Kayser states 
that the kieeelguhr should become evenly and completely coated and permeated, plated as 
it were with a film of metal, and that a catalyzer composed of 1 to 2 parts by weight of metallic 
nickel and 4 parts by weight of kieselguhr has however proved very effective in saturating 
fats and oils by means of hydrogen. The author can see no advantage in permeating or 
impregnating the interior canals of the carrier with catalytic metal when the catalyst is to 
be used for hydrogenating fatty oils.* 00 The porous support used by Sabatier and Senderens, 
to be sure, was impregnated with reduced nickel, but these investigators directed their atten- 
tion to the hydrogenation of readily volatile substances, capable of diffusing into the interior 
of the nickel-laden porous material. 

WO. In another U. S. Patent (1,008,474, of Nov. 14, 1911), Kayser further sets forth 
the use of an inert pulverulent material such as kieselguhr as a carrier for the nickel cata- 
lyzer and he claims the process of hydrogenating oil involving agitation of a metal-impreg- 
nated inort pulverulent carrier (kieselguhr) with a fatty oil in the presence of hydrogen. 

061 . Wesson 11 prepares a catalyzer by first dissolving nickel nitrate in water and then 
adding ammonium hydrate, which causes nickel hydrate to be precipitated in the form of a 
voluminous, flocculent precipitate. Care should be taken to add only a sufficient quantity 
of ammonium hydrate to form the precipitate, as an excess will break down the hydrate of 
nickel and cause it to redissolve. In thus using ammonia as a precipitant, sulphates or 
chlorides which may be present in the nickel nitrate will be converted into sulphates or 
chlorides of ammonium and these are volatilized at the temperature at which the nickel is 
subsequently reduced. This serves as a method of purification, which is very desirable in 
order to produce an active catalyzer. After the precipitate of hydrate of nickel is formed, 
the supernatant liquid containing ammonium nitrate and some unprecipitated nickel salts 
may be decanted off, leaving nickel hydrate and water with a small amount of ammonium 
salts dissolved in the water. This flocculent precipitate is then mixed with the inert carrier to 
which it is to be applied, as, for instance, asbestos. The precipitate and the support are then 
dried to expel the water and are heated at a temperature of say 500° C. in a current of hydro- 
gen until the nickel has been reduced to a finely divided condition, covering the asbestos 
fibers or other support used. The ammonium nitrate that remained in the water assists in 
this. As the support covered by the flocculent precipitate is heated, the ammonium nitrate 
is decomposed, leaving most of the nickel hydrate around it in a very fine and spongy condi- 
tion, in which form it is more easily reduced by the hydrogen, and at the same time the 
operation puts it in such shape as to present a greater surface for contact action. There are 
stated to be substantial advantages in applying the flocculent hydrate of nickel to the sup- 


600 Note para. 941. 

11 U. 8. Pat. 1,143,339, June 15, 1915. 
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port, instead of applying to the support a solution of a salt and afterward adding a precipi- 
tant. For in the former case the hydrate acts only on the surface of the support (which is 
the place where it is wanted) and is not soaked up into the internal pores of the support, as it 
would be if the support were treated with a solution of a salt and precipitation were brought 
about afterward. 

662 . Nickel hydrate such as used in the foregoing (Wesson) catalyzer is prepared accord- 
ing to Woodruff M in the following manner: nitrate of nickel or other nickel oxygen salt is 
dissolved in sufficient water to form a dilute solution, which should contain about 1 per cent 
of the crystalline salt, and the solution is then brought to a temperature in the neighborhood 
of the boiling-point. Satisfactory results are obtained at a temperature of approximately 
95° C. Sufficient hydroxide of ammonium to theoretically precipitate all the nickel present 
is then added. In practice an ammonium hydroxide solution of a specific gravity of about 26° 
Baum6 is used. The correct amount of a given solution of the ammonium hydroxide to add 
to the solution of the nickel salt may be determined by slowly adding the ammonia to a small 
quantity of the nickel solution under the above conditions, and noting the point at which 
the precipitate commences to dissolve. A slightly smaller proportion of ammonia should 
then l>e added to the bulk of the nickel solution. Under these conditions it will be found 
that practically all the nickel will be precipitated in the form of flocculent nickel hydroxide. 
If a more concentrated nickel solution be employed or if precipitation be brought about at a 
lower temperature or if an excess of ammonia be added, the amount of nickel thrown down 
will be relatively decreased. After the nickel hydroxide is precipitated it may be applied 
to a support while still in the solution in which it was formed, or the supernatant liquid may 
be decanted off. By the use of a very dilute solution of the nickel salt from which the pre- 
cipitate is formed, practically all of the impurities are said to bo removed, when the super- 
natant liquid is decanted off, whether before or after the application of the precipitate to the 
support, thus eliminating the necessity of washing the catalyzer. The precipitate and the 
support are then dried to expel water and are heated to a temperature of about 500° C. in a 
current of hydrogen. 

663. Snelling M observes that in the use of a siliceous carrier with an oxide 
it is difficult to prevent more or less formation of slaggy compounds, but that 
a catalyzer of high reactivity can be prepared by heating the metallic formates, 
the reduction of which takes place at a very low temperature, and proceeds 
smoothly. 

Nickel, cobalt, iron and copper formate, etc., may be used; and these salts may be em- 
ployed in the dry state where a powder is required; or a porous carrier may be soaked with 
a solution of the formate, dried and reduced. On heating, the formates decompose with 
an evolution of carbon monoxide and hydrogen, both strongly reducing gases; and this 
evolution of these gases in bUUu naacendi, allows the formation of highly reactive metal 
at very low temperatures. It is not necessary as in the case of nitrates to supply the re- 
ducing means from another source; which is regarded by Snelling as an advantage in the 
case of forming the catalyst on a support. In the formates, the combustible and the oxygen 
of the metal oxide are in atomic or molecular contact; a contact differing from that of the 
oxide as powder in an atmosphere of hydrogen. And, as the reduction of the metal oxide and 
the oxidation of the combustible as a total reaction is exothermic, a reduction change started 
in one portion of a mass of formate tends to spread through it; the reaction it is stated can 
be initiated at one point and allowed to spread through the material as a self-propagating 
reaction. The reduction may be effected at a comparatively very low temperature; a temper- 
ature at which there is no tendency of the reduced metal to sinter or of the oxides to slag. 

664 . In making reactive copper where the metal is desired in pulverulent form, copper 
formate is first dried at a low temperature and is then cautiously heated in a container to 
the lowest temperature at which the formation of metal becomes evident. The air in the 
tube is best displaced by hydrogen prior to heating. The formate may be dried in the con- 
tainer in which reduction is subsequently to be effected. In so doing it is advantageous to 
pass through a stream of hydrogen or other non-oxidizing gas. This stream carries away as 
fast as formed the water produced in drying and that produced in the subeequent reduction 


n U. S. Pat. 1,143.343. June 15. 1915. 

M U. S. Pat. 1,122,811, December 29, 1914; J.S.C.I . . 1915, 182. 
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and much facilitates both operations. A vacuum may be used in lieu of hydrogen. Where 
the copper is carried on a support, the carrier may be soaked in a solution of copper formate 
and the impregnated material dried and heated in the same way. It is particularly advan- 
tageous in this case after placing the impregnated carrier in the reduction vessel to produce a 
vacuum to remove adsorbed air. Hydrogen is then allowed to enter and the material heated. 

665 . The porous carrier employed may be any of the usual refractory materials. For 
nickel, cobalt, iron, copper, etc., where used for hydrogen addition, as in hardening fata, the 
carrier may be coke. Where used in oxidizing reactions, as in the manufacture of formalde- 
hyde, the carrier is better an inoxidizable material, such as pumice-stone, baked clay, kiesel- 
guhr, etc. For many purposes Snelling finds that alundum is a desirable carrier since in some 
reactions alumina has a catalytic action. It is particularly advantageous in making a copper 
catalyst for the manufacture of formaldehyde. For many purposes in catalytic operations 
Snelling states it is desirable to have a column of catalytic material wherein the carrier has 
different proportions of catalyBt at different points throughout the column. For example, in 
making formaldehyde from methyl alcohol and air it is advantageous to have the mixed vapor 
and air pass through an alundum carrier containing a relatively small amount of copper, then 
past a carrier containing more, and so on until the mixture finally passes a carrier relatively 
rich in catalyst. It is regarded as advantageous to have the concentration of the reactive 
bodies inversely proportional in any given zone of catalysis. Similarly in hydrogenation 
processes involving the addition of hydrogen to vapors and gases, it is advantageous to have 
the gas mixture first pass through a carrier containing relatively little reduced nickel and sub- 
sequently past a carrier containing more nickel. 

666. As stated, the reduction of the formate should be at the lowest possible temperature; 
and the material should be brought to this temperature rather gradually. Careful observa- 
tion of any given formate will show to the eye the point where reduction begins. Any violent 
heating causes a sudden decomposition of the formate with the liberation of carbon monoxide 
and hydrogen in the gaseous form; after which reduction can only be in the ordinary way; 
viz., by a reducing atmosphere. With violent heating the reaction, under the catalytic influ- 
ence of the metal, is apt to be irregular and result in the production of carbon and other bodies. 

667. Silica Gels and the Like. The great surface per unit mass afforded by 
such substances as silica gel ( cf . para. 202) makes them promising materials for 
catalyst supports. A number of such supported catalysts are available. The 
carriers are of various kinds, e.g., Patrick’s silica gel, “monox,” the silica obtained 
by treating the tetrafluoride with water, alumina, stannic oxide and tungstic 
oxide. Three leading methods are employed in the preparation of the catalyst. 
In the first metals are reduced from their solutions by hydrogen adsorbed by the 
gel (para. 668). In the second the hydrogel is treated a solution of a metal salt 
reducible by heat, the gel is then dried and heated (para. 672). In the third 
method the material is impregnated with a metal compound and, after drying, 
the metal is reduced in hydrogen as usual (para. 673). 

668. Reducing Action of Hydrogen Adsorbed in Silica GeL Latshaw and 
Reyerson 64 report that solutions of copper, silver, gold, platinum, palladium 
are reduced, with the formation of a fine metallic deposit, on silica gel saturated 
with hydrogen. Nickel is not so reduced. The metallized gel is catalytically 
active. The details of the method as given by Reyerson “ are as follows: 

Adsorbed gases having been removed from the silica gel by exhaustion in a vacuum, 
hydrogen is admitted and the temperature is lowered to — 15° to — 30°. When adsorption 
of the hydrogen is complete the gel is treated with a solution of a metal salt, such as a salt of 

• 4 /. Am. Chem. Soe .. 1925, 47, 610. 

M U. S. Pat. 1.547,236, July 2ft. 1925. This is distinguishable from Brit. Pat. 286,309 
March 3, 1927, to Latshaw and Judefind (assigned to Silica Gel Corp.) apparently only by 
the fact that the latter patent covers charging the gel with any reducing gas (sulphur dioxide, 
carbon monoxide, hydrogen sulphide), hydrogen being mentioned only incidentally. 
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copper, silver or platinum. In time the surface of the gel becomes covered with a metal film 
of ultramicroscopic fineness. 

669. Adsorption of Gases by Metallized Gels. The metallized silica gels pre- 
pared by the method just described have been used by Reyerson and his asso- 
ciates in a number of researches. The adsorption of gases by these gels was 
studied by Reyerson and Swearingen. 66 The adsorptions were measured at 0°, 
64-65°, 100°, 138°, and 218°. Hydrogen is appreciably adsorbed by the cop- 
per, platinum, and palladium gels, carbon monoxide by all the gels except that 
of copper, while ethylene is absorbed more strongly than by silica gel alone. 
Oxygen is specifically absorbed by all the gels, especially by the copperized gel. 
Methane shows no specific effect, neither does carbon monoxide, except possibly 
in the case of copper. Rise of temperature rapidly reduces adsorption. Suc- 
cessive metallizations of the gel by platinum have no great effect except in the 
case of carbon monoxide, where a steady increase in the amount adsorbed occurs 
up to four metallizations. With silica gel alone, the amounts of the above-men- 
tioned gases adsorbed at 0° and 760 mm. increase with the boiling-point of the 
gas, except in the case of carbon monoxide. For all gels, metallized or not, the 
Freundlich equation holds whenever considerable adsorption takes place. 

670. Hydrogenation of Ethylene. The catalytic hydrogenation of ethylene 
by metallized silica gels has been studied; platinized, palladized and copperized 
gels being used. The mixture of ethylene and hydrogen was passed over the 
catalyst maintained at the desired temperature and the extent of hydrogenation 
was determined by analyses of the product for ethylene. The effect of tempera- 
ture and of the rate of flow and the composition of the gas mixture upon hydro- 
genation was determined for three catalysts. For a standard rate of flow of mix- 
tures with 25 per cent ethylene, over the range 0° to 240° C. the palladized and 
platinized gels reached their maximum efficiency at 60° C. (99.7 per cent and 
98.8 per cent respectively), while the copperized gel, over the range — 20° to 
360° C. was most efficient at 240° C. (59.9 per cent). The temperature-effici- 
ency curve is normal for the first two metals, but irregular for copper, there 
being a minimum at 30° C. This is attributed to the formation of an inactive 
copper hydride, most stable at room temperature. A fall of efficiency was 
observed with increased gas velocity for all three catalysts, the effect being most 
marked with the copperized gel. It is suggested that this is due to the com- 
parative scarcity of active areas in the copper catalyst in which the metal atoms 
are not in the crystal lattice of the metal. Experiments with gaseous mixture 
of various compositions were carried out at 27° and 170° C., and indicated that 
the efficiency of all three catalysts was inversely proportional to the partial 
pressure of the ethylene. 67 

671. Hydrogenation of Acetylene. 68 The hydrogenation of acetylene using 
silica gels metallized with platinum, palladium, and copper has been studied by 

U J. Phys. Chem ., 1927, 31, 88; Brit. Chem. Abst., 1927, 198A. 

67 Morris and Reyerson, J. Phys. Chem., 1927, 31, 1220; J. Inst. Petr. Tech., 1927, MIA; 
Univ. Oil Prod. Co., Libr. Bull., Feb. 18, 1928. 

* Morris and Reyerson, J. Phys. Chem., 1927, 31, 1332; c/. Swearingen and Reyerson, 
Ibid., 1928. 31, 113; U. S. Pat. 1,547,236. 
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the method employed in the case of ethylene. Ethylene and ethane are both 
produced, the palladium-silica gel becoming active at 50°, the platinum gel at 
100°, and the copper gel at 200°. Palladium is the better catalyst for the pro- 
duction of ethylene, regardless of the original mixtures used, while platinum 
favors the production of ethane. Further, as the ratio of acetylene to hydrogen 
increases from 1:10 to 3:1, the production of ethylene passes through a maxi- 
mum. It is probable that the combined adsorption of gel and metal produce a 
more satisfactory condition for the catalysis of ethylene formation than does 
the adsorption of either alone.*' 

672. Heat Reduction of Metals on Gels. The second method of producing 
metallized gel is described by Miller and Connolly. 70 They prepare catalysts 
by treating a hydrogel with a solution of a metal compound which yields a cata- 
lyst on heating. The gel is then dried and heated. The gel may be alumina, 
silica, stannic oxide, tungstic oxide, etc. 

673. Hydrogen Reduction of Metal on Gel. A form of nickel catalyzer was 
prepared in the author’s laboratory by decomposing silicon tetrafluoride with 
water which yielded a very voluminous form of silica. 

Thia material was carefully washed free from chlorides and sulphates and dried. An 
amount of nickel nitrate crystals equal in weight to the silica was dissolved in 5 parts of water 
and the solution was thoroughly mixed with the silica. The mixture was dried and ignited 
until all fumes of nitrogen oxides were expelled. The dark powdery material was heated in 
a current of hydrogen for one hour at 327° C., cooled and preserved under oil to prevent oxida- 
tion. This material carried approximately one-sixth of its weight of nickel. To a quantity 
of cottonseed oil, an amount of this catalyzer was added to introduce 0.7 per cent of nickel 
and hydrogen was passed through the oil and catalyzer for two and one-half hours at 175° C. 
At the end of this time the hardened fat produced was found to have an iodine number 
of 29.8. 

674 . Silicious material, known as monox or silicon monoxide, which is of a very light and 
voluminous character and is prepared in an electric furnace, was tested in the author’s labora- 
tory as a supporting material for nickel in the preparation of a catalyzer. By means of a 
solution of nickel nitrate tho monox was saturated with the nickel solution and the mixture 
ignited until red fumes ceased to bo evolved. Tho product was then reduced to a fine powder 
and heated for one hour in a current of hydrogen at a temperature of 340° C. The reduced 
catalyzer was preserved under oil. The proportions used in preparing the materials were 10 
parts by weight of nickel nitrate Ni(NO*)2-6HiO to 8 parts of monox. Cottonseed oil con- 
taining 5 per cent of this catalyzer or approximately 1 per cent of the reduced nickel was 
heated for three and one-half hours to 174°-180° C., while a continuous stream of hydrogen 
was passed through the oil and the melting-point of the hardened product which resulted 
was 48.2° C. 

676. It has also been proposed to employ a finely crystalline nickel com- 
pound, such as the nitrate, which is mixed with silicic acid or other carrier and 
reduced for the production of a highly active catalyst. 71 

676. In another procedure an irreversible colloid, e.g., silica, alumina, iron 

m Brit. Chem. Abut ., 1927, 1038A. 

70 Brit. Pat. 280,939, Nov. 19, 1926 (to Silica Gel Corp., assignees); Chem. Age (London), 
1928, 18 , 85; cf. U. S. Pat. 1,695.740, Dec. 18, 1928, to Patrick (assigned to Silica Gel Corp.). 
U. S. Pats. 1,696,644 and 1,696,645, both of Dec. 25, 1928, to Patrick (assignee to Silica Gel 
Corp.) describe a copper-silica-gel catalyst and a nickel- or cobalt-silica-gel catalyst respec- 
tively. 

71 U. S. Pat. 1,696,666, Dec. 16, 1928, to Schirmacher, Stols, Schlichenmaier and Krohs 
(assigned to I. G. Farbenind. A.-G.). Brit. Pat. 255,884. 
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oxide, is prepared as a sol or jelly, and, before being dried, is mixed intimately 
by mechanical means with one or more catalytic substances in the liquid or finely 
divided solid state. When the colloid is a sol the mixture is allowed to set to a 
jelly, dried, and purified by washing before or after complete drying. 71 

677. Silicic acid. Another type of silica carrier is made by Gover’s process. 71 
A gel of colloidal silicic acid is dried until it becomes irreversible. Impurities 
are then washed out of the material, which is again dried. This furnishes a 
product adapted for use as an adsorbent or as a catalyst, or as a catalyst support. 

678. Hydrated calcium metasilicate, obtained by treating diatomaceous 
earth or similar material with lime (magnesia, strontia or baryta) and water, 
with or without heat, is voluminous and almost gelatinous, one of the uses for 
it is as a carrier for nickel or other catalysts. 74 

679. “Ageing” of Silica Gel Prevented. To prevent silica gel (10-30 per 
cent water) from “ ageing ” by contraction of the solid particles in the presence 
of a mobile aqueous phase, its water-content is replaced by turpentine or paraffin 
oil (boiling-point about 200°). The gel may either be immersed in the oil, or 
soaked with 3-10 per cent of oil and heated to drive off the water vapor, or 
treated with oil vapor. In order to accelerate the replacement, about 1 per cent 
of an emulsifying agent, such as clean wool grease or soap, is added to the oil. 
The gel is subsequently heated to carbonize the oil in its pores. If metallic soaps 
are used, the resulting gel has marked catalytic properties for certain reactions. 74 

680. Gelatinous Metallic Hydroxides. For the preparation of these a con- 
centrated solution of a soluble salt of a metal the hydroxide of which is insoluble 
in water, is thoroughly mixed and stirred with a soluble alkali solution of such 
concentration and quantity that the mixture is faintly alkaline, the mixture 
being maintained at a temperature below 10°, The gelatinous precipitate is then 
washed and dried. 76 

681. Preparation of Catalysts from Alloys. Finely divided metals in a highly 
active form are produced from alloys of the metals with other metals which are 
decomposed previous to or during their use as catalysts. For example, if nickel- 
magnesium alloy is applied to moist pumice stone, the magnesium is converted 
into magnesium oxide or hydroxide, and nickel is deposited in a highly active form. 
Catalytic material may be prepared in a similar manner from copper-magne- 
sium, copper-calcium, platinum-sodium, copper-aluminium-zinc, and chro- 
mium-magnesium alloys. Alloys may also be used in which one of the metals 
readily absorbs hydrogen, e.g., nickel-lead alloys, or amalgams may be used 
which are decomposed by heat. Acetone is reduced to isopropyl alcohol at 
90°-100° by treatment with hydrogen in the presence of catalytic material 
prepared by applying powdered copper-magnesium alloy to pumice, spraying 
with sodium silicate solution, and heating to 300° for forty-eight hours in a cur- 

71 Suppl. J.S.C.I . , Sept. 2, 1927, 653; Brit. Pat. 255,904, July 26, 1926, to I. G. Farbenind. 
A.-G. 

71 U. S. Pat. 1,504.549, Aug. 12, 1924; Chem. Abat., 1924, 18 , 3250. 

74 Brit. Pat. 268,011, Dec. 18, 1925, to Celite Co. 

74 Brit. Pat. 222,279. Aug. 17. 1923, to Fitzpatrick. 

71 U. S. Pat. 1,520,305, Dec. 23, 1924, to Patrick (assignor to the Silica Gel Corp.). 
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rent of hydrogen. Catalysts can be made which are suitable for the conversion 
of borneol into camphor, carbon monoxide into methyl alcohol, and phenol 
into cyclohexanol. 77 

681A. An alloy of one or more metals oxidizable by heating in air, with one or more 
metals oxidized under the same conditions much more easily, yields, when heated, a porous 
mass, which is of increased catalytic activity. The less oxidizable metal may be copper, 
aluminum, or nickel, and the more oxidizable metal may be magnesium, calcium, or zinc. 
A catalyst is made by heating the alloy in air to a temperature at which the greater part of 
the metals are converted into oxides. 774 

682. Effect of Colloid Mill on Supported Nickel Catalyst. A nickel catalyst 
on kieselguhr was sent several times through a colloid mill. Great reduction of 
particle size was obtained but the change was accompanied by a fall in catalytic 
activity. If comminution of the support is desirable this should precede precipi- 
tation of the metal. 78 

683. Metallizing Organic Substances. 79 Fibres and other organic tissues 
may be coated with metal by exposure to cathode rays in vacuo , the cathode 
being of the metal to be deposited. 


Miscellaneous References to Carriers 

684. Boswell and Dil worth. Mechanism of catalysis by alumina. J. Phys. Chem., 1925, 
29, 1489; C. A., 1926, 20, 691. 

685. Mautner. Silicic acid gel as an adsorbent. Kolloid-Z., 1927, 42, 273; Bril. Chem. 
A6sL, 1927, 687B. A general article. 

686. Vallery. Stability of catalytic palladinized asbestos. Compt. rend., 1927, 186, 538. 
Refers only to the use of the catalyst in gas analysis. 

77 Ger. Pat. 408,811, Apr. 4, 1923, to Schmidt, Bertsch and Ufer (assignors to the 
Badische Co.). 

774 Brit. Pat. 309,743, Apr. 20, 1928, to Howards and Sons, Ltd., Blagden, and Clark; 
Chem. Aye (London), 1929, 20, 478. 

71 Mashkilleison. Oil and Fat Industry (Russia), 1928, No. 1, 24. 
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EXPERIMENTAL APPARATUS 

Gas Phase 

700. The first catalytic hydrogenation of an organic compound was the for- 
mation of methylamine by passing the vapors of hydrocyanic acid with hydro- 
gen over platinum-black (Debus. Ann., 1863, 128, 200). Some years later 
Saytzeff hydrogenated nitrobenzene, in the vapor phase, over palladium-black. 1 
In 1897 began the classical researches of Sabatier with Senderens, Mailhe and 
others.* This work was based, essentially, on the discovery of the remarkable 
activity of nickel as a hydrogenation catalyst. The process of hydrogenation 
by passing the vapor of an unsaturated substance with hydrogen over nickel 
is known as the method of Sabatier and Senderens. The result of all this work 
was to show that almost any vaporizable, organic compound, unsaturated or 
capable of reduction, could be catalytically hydrogenated, in the vapor phase, 
given appropriate temperature conditions and a suitable catalyst. 

APPARATUS 

701. The apparatus used by Sabatier and his collaborators for hydrogena- 
tion in the gas phase is illustrated diagrammatically in Fig. 4. 

702. A detailed description of this apparatus and of the method of using it is 
given in Sabatier’s book on catalysis in organic chemistry,* paragraphs 345 
to 357. 

703. Reaction Tube. The reaction tube containing the catalyst is 65 to 
100 cm. long and 14 to 18 mm. internal diameter. The tube may be laid in a 
trough on magnesia, but, preferably, is placed in an air-bath. In special cases, 
for the air-bath an oil or water-bath may be substituted. In still more special 

1 Kolbe, J. prakl. Chem., 1871 (2), 4 , 418. 

* Sabatier and Senderens published the results of their earlier work in Compt. rend., 132 . 210, 
666 and 1254. A very complete description of their investigations appears in Ann. Chim. et 
de Phut., 1905 (8). 4 , 319-488. See also Mailhe Chem. Zto., 1907 (31). 1083, 1096, 1117, 1146 
and 1158; Chem. Zto., 1908 (32). 229 and 244; Willstitter and Mayer, Ber., 1908 (41). 2199; 
Paal and Amberger, Ber., 190 # (38), 1406 and 2414; Paal and Gorum, Ber., 1907 (40), 2209; 
1908 (41), 813 and 2273; 1909 (42), 1553; Paal and Hartmann. Ber., 1909 (42). 2239; Paal and 
Roth, Ber., 1908 (41), 2282; 1909 (42), 1541; Ipaticv, Ber., 1902 (35), 1047; 1904 (37). 2961; 
Chem. Ceniralbl., 1906 , II. 86; Ber., 1907 (40), 1270 and 1286; 1908 (41), 991; 1909 (42). 2089, 
2092 and 2100; Ipatiev, Jakovlev and Raktin, Ber., 1908 (41), 996; Ipatiev and Philipov, 
Ber., 1908 (41), 1001; Padoa and Carughi. Chem. CentraM., 1906 , II. 1011. 

* Sabatier (tr. Reid). Catalysis in Organic Chemistry. Van Nostrand, 1922. 
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instances, for the hydrogenation of delicate substances, e.g., the benzoic esters, 
a massive bronze block was employed, the thermometer being placed in a boring 
near and parallel to that for the reaction tube. Rapid heating (owing to the 
good conductivity) and constant temperature (owing to the mass) were thus 
obtained. The farther end of the tube should be inclined downward to prevent 
the reflux of condensed products. When a nickel-pumice catalyst is used it may 
be placed in a U-tube kept in an oil-bath. Heating may be by gas or by electric 
resistances. 

704. Introduction of the Substrate. If the substance to be hydrogenated 
(substrate) is a gas, this may be introduced together with the hydrogen by any 
of a number of sufficiently obvious devices. 



For liquids there are two methods. The simplest is to place the liquid in a 
distilling flask, heated or cooled according to the volatility and to carry it into 
the reaction tube and over the catalyst by bubbling the hydrogen through it. 
If it is desired to measure or control the quantity of liquid passing, it may be 
dropped from a burette passing through the cork of the flask. The hydrogen 
should be in excess. Sabatier seems to prefer what appears to be a less simple 
method. The first end of the reaction tube has a two-hole stopper. One hole 
is for the hydrogen tube. Through the other passes the horizontal arm of a bent 
capillary tube, whose vertical arm passes through a stopper in the bottom of a 
wide vertical tube containing the liquid. The flow of the liquid should be con- 
tinuous and not in drops. The rate of flow depends on the bore of the capillary 
and on the head. These should, therefore, be adjusted according to the vis- 
cosity of the liquid. 
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705. When the substrate is solid, the method of introduction depends on its 
melting-point and on its volatility. If the distillation flask method cannot be 
used (and with proper lagging it can almost always be made to work satisfac- 
torily), the substance may be placed in a porcelain boat inside the reaction tube. 

706. Collection of Reaction Products. Gaseous products may be collected 
over water, etc., in gas holders in a pneumatic trough. Liquids may be con- 
densed, the method depending on their volatility. For slightly volatile liquids 
a Woulff's bottle suffices. For highly volatile liquids a Y-tube with wide arms 
(in other words, a U-tube with a bottom tubulure) is used. The bottom arm 
passes through the cork of an inverted tubulated bell which surrounds the ver- 
tical arms and is filled with ice or a freezing mixture. The condensed liquid is 
collected from the vertical tube, the gases from the second vertical arm. 

707. For liquids of intermediate volatility, an ordinary condenser suffices, 
with the obviously necessary means for permitting the passage of gas. 

708. Solids are collected by prolonging the reaction tube and bending it 
down, the end being cooled. 

709. Hydrogen. The hydrogen for laboratory purposes may be generated 
by the action of acid on zinc in one of the numerous forms of apparatus described 
in textbooks of chemical technique. In most cases, however, it is obtained from 
cylinders of the compressed gas. The cylinder should be furnished with a 
reducing valve and with pressure gauges. One gauge shows the pressure in the 
cylinder, and therefore indicates how much gas it holds; the other gives the 
pressure at which the reducing valve is delivering the hydrogen to the apparatus. 

710. For most experiments in hydrogenation there is no need to purify the 
gas supplied in cylinders. It is almost invariably electrolytic hydrogen con- 
taining, at most, traces of oxygen. Hydrogen generated by the action of acids 
on zinc will sometimes require purification particularly if the zinc or the acid 
is impure. It may contain water, acid, hydrogen sulphide, arsine, phosphine or 
antimony hydride. All of these, if present, must be removed by a purifying 
train. First the gas passes through a tube of resistance glass, filled with copper 
turnings kept at a dull red heat: next comes a tube containing slightly moist- 
ened lumps of potassium hydroxide. It is not necessary to dry the gas 4 but, if 
this is desired, it may be passed over calcium chloride. 

711. Where hydrogenation is to be carried on at atmospheric pressure ordi- 
nary rubber tubing may be used for connections. In the course of rubber manu- 
facture a number of substances are used which are deleterious to hydrogenation, 
e.g., sulphur compounds. Moreover there is, in some tubing, a good deal of dust. 
The tubing used in hydrogenation apparatus should be smooth inside and free 
from dust. The tubing should be boiled with alkali before use. Sulphur-free 
and pure gum tubing are in the market. As much of the connections as possible 
should consist of glass or metal tubing, brought, at junctions, to butt joints 
merely held together by rubber. 

712. For hydrogenation under pressure special connections must be made. 
At really high pressure these must be of metal with union joints. At less pres- 

4 Sabatier (tr. Reid). Catalysis in Organic Chemistry, para. 446. 
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sures, such as 2-3 atmospheres, armored hose or reinforced rubber and canvas 
tubing may be used. 

713. When a brisk current of hydrogen is depended on for agitation it is not 
practicable to make a direct measurement of hydrogen absorption. This must, 
therefore, be controlled indirectly by taking samples and determining the iodine 
value, the melting-point, the refractive index, or some other measure of the 
degree of hydrogenation. 

714. If it is desired to maintain the delivery of hydrogen at a constant value 

a flow meter may be 
interposed between the 
source of gas and the re- 
action vessel. 

716. In certain cases, 
especially in organic 
syntheses by hydrogena- 
tion, it is important to 
measure, fairly exactly, 
the hydrogen absorp- 
tion. For example it 
may be desired to limit 
the hydrogenation to 
the absorption of an 
amount of gas represent- 
ing 1 atom added to the 
molecule. In such cases 
operation is usually con- 
ducted in a closed circuit. 

716. The apparatus 
illustrated in Fig. 5 was 
described by Voswinckel 6 for measuring the hydrogen absorption when work- 
ing at moderate plus pressures. In the form illustrated it is supplied by Bern- 
hard Tolmacz and Co., of Berlin. 

The two thick-walled graduated cylinders O and G\ are drawn out at their necks in order 
to do away with the rubber stoppers that were employed in the originally designed apparatus. 
These elongated necks are bent in the form of an L and are connected with the valves A and 
A i by means of pressure tubing. Of the rubber tubes 6 and &i, one connects the apparatus 
with a hydrogen tank, while the other joins the apparatus to a reaction vessel of the shaking 
type. The entire apparatus is mounted on a wooden frame to insure stability and render it 
easily transportable. The two cylinders which are joined by the glass tube D are filled with 
1} liters of water. By means of air or hydrogen the water is transferred into the cylinder 
O i until the latter is full. The valve A\ is then closed to prevent the water from flowing back 
in G. The cylinder G\ is connected with the hydrogen tank by means of &i and the water is 
displaced by hydrogen. Valve A\ is again closed. The hydrogen tank is connected with b . 
valve A is opened and hydrogen is admitted until the pressure is about 1 J atmospheres. The 
cylinder G is then connected to the reaction chamber which has been previously evacuated. 
The valve A\ is opened and the shaking machine is set in motion. When the hydrogen of 
the cylinder Gi is used up, the cylinder G , which in the meantime has been filled with hydrogen, 
is connected with the reaction chamber and G\ is connected to the tank of hydrogen. During 

• CKcm. Ztg., 1913 . 489. 
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this operation the valves A, A\, and B are ail shut to prevent the water from flowing back from 
cylinder Q\ into cylinder O. 

717. It may be necessary to guard against the admission of even a trace of 
air into the apparatus during a hydrogenation. In such a case Stark's appara- 
tus • may be useful. 

718. It consist* of a glass vessel with two necks, each provided with a glass stopcock. A 
small funnel with a stopcock is fused into the upper part of the vessel between the two necks. 
One neck is connected with the source of hydrogen, the other with a graduated gas burette 
and mercury reservoir. The substance to be reduced is placed in the glass vessel and a cur- 
rent of hydrogen passed through. At this stage the burette and reservoir contain no mer- 
cury. The hydrogen supply is then cut off and mercury is poured into the reservoir from 
which it flows and partly fills the burette. By lowering the reservoir a solution of platinum 
or palladium can be introduced through the funnel with the stopcock without admitting any air. 

719. When such precautions as these are necessary, evidently the last trace 
of oxygen must be removed from the hydrogen used. This may be done by 
passing the gas over heated nickel or palladium, 7 or red hot copper followed by 
a drying tube containing solid caustic potash.* 

780. Hydrogen containing water vapor cannot be completely freed from oxygen by 
passing over hot copper or tungsten, because the reaction with water is reversible. The 
removal with sodium has inconveniences in practice. But if the gases are passed over metallic 
chromium at 750° to 850° C. # the oxygen is completely removed.* 

721. For work in the vapor phase the apparatus of Sabatier and Senderens 10 
may be used, especially where it is important to control exactly the amount of 
unsaturated material sent through in a given time. For most purposes, how- 
ever, a simpler outfit will suffice. Such a one is described and illustrated in 
Maxted: Catalytic Hydrogenation and Reduction (Philadelphia, P. Blakiston 
& Co., 1919). 

• 722. For an excellent example of precise experimental hydrogenation in the 
vapor stage the reader should consult the paper by Dougherty and Taylor 11 on 
the hydrogenation of benzene. The results are of considerable theoretical 
importance. The methods employed for attaining the high degree of precision 
required will repay study. The following problems are dealt with: (1) Purifi- 
cation of hydrogen. (2) Measurement of flow. (3) Obtaining a definite ratio 
of vapor to hydrogen. (4) Manometric determination of the amount of hydro- 
gen absorbed. (5) Influence of water vapor, of carbon monoxide and of hexa- 
hydrobenzene. 

723. An unusual method of effecting catalytic hydrogenation in the gas 
phase is that used by Rather and Reid 11 in an attempt to investigate quantita- 
tively the reaction between hydrogen and ethylene. Instead of exposing a fixed 
surface of catalyst to the reaction gases, these workers suspended the catalyst 

• Ber., 1913, 46 , 2335. 

7 Maxted : Catalytic Hydrogenation, p. 23. 

• Sabatier, loc. cil ., 346. 

• Brit. Pat. 284,808, Nov. 25, 1926, to General Electric Co. and Smithella; Chem. Age (Lon- 
don), 1928, 18, 224. 

10 8ee Fig. 1 and description. 

11 /. Phya. Chem., 1923, 87, 533. 

11 J. Am. Chem. Soc., 1915 , 2115. 
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in an inert liquid (melted paraffin wax). Vigorous agitation was applied as the 
reactant gas mixture passed through it. There is a slight suggestion here, in the 
object sought, of recent proposals to effect gas reactions in the presence of cata- 
lyst dust suspended in the gases . 11 

714 . Preparation of the Catalyst . u One hundred grams of infusorial earth were treated 
with a solution of 50 g. nickel nitrate. Ni(NOi)i*6HiO, in about 150 cc. water, and the result- 
ing moist mass added to a strong water solution of 60 g. sodium carbonate, NajCOf IOHjO, to 
precipitate the nickel as carbonate. The product was well washed and dried and the nickel 
carbonate reduced by heating, in a glass tube, just below red heat, in a current of pure dry 
hydrogen till no more water was formed, and cooled in a current of pure dry carbon dioxide. 
In order to standardise the catalyst, its activity was tried with cottonseed oil, 70 g. of the oil 
and 1 g. of the catalyst being treated with pure dry hydrogen at 180°. The iodine number of 
the oil was lowered, in sixty minutes’ treatment, from 113.7 to 44.6. Experiment showed 
that the catalyst did not deteriorate appreciably during the time that each portion of it waa 
in use. 

716 . Temperature. In all of the experiments, the temperature was maintained at 
180°±1° by immersing the bulb of the reaction-flask in an oil-bath, the temperature of which 
was maintained constant by an oil thermostat with mercury contacts, controlling a gas regu- 
lator. 

716 . Materials. The ethylene was made according to method of Senderens and washed 
with sodium hydroxide solution. The hydrogen was from zinc and acid and was washed with 
alkaline potassium permanganate. As an inert medium, in which to suspend the catalyst, 
melted paraffine was used. 

717 . Procedure. The gas mixtures were prepared in gasometers, holding about 24 1., 
which were provided with an arrangement for maintaining nearly constant pressure. The 
same lot of the mixture was used for the whole series of experiments on any one proportion. 
Each mixture was analyzed for ethylene by the usual method with fuming sulphuric acid. 
The mixture of gases was run through concentrated sulphuric acid to dry it and then into the 
reaction flask which contained, in each experiment, 1 g. of tho catalyst, and 70 g. of the 
paraffine. The stirrer was run at 3300 to 3500 r.p.m. In each case, time was allowed for 
the displacement of air from the apparatus and for the hot paraffine to come to equilibrium 
with the ethylene, hydrogen, and ethane passing through it. The attainment of this equilib- 
rium was shown by constancy in tho analysis of the successive samples of the issuing gases. 
The amount of ethane in tho product, which is the same as tho percentage of reduction of 
the ethylene, was calculated by tho following formula, in which E i is the percentage of ethy- 
lene in the original mixture and Ei is the percentage of ethylene in the products of the reaction. 


Ethano 


lOOffi - lOOffi 
100 - Ei 


Fresh lots of catalyst and paraffine were used for each 24 1. of mixture. The rate of gas flow 
and the composition of the original mixture are the only variables studied. The results are 
by no means as regular as could be wished, and some are evidently out of relation to the 
others. They are not to be considered as final. The irregularities may depend on factors 
not as yet known or controlled. In Fig. 6 the percentage of the ethylene reduced is plotted 
against the rate of flow. The interesting result is that, for all of tho mixtures, about 70 per 
cent of the ethylene is reduced when the rate of flow is 10 cc. per minute. All of the results 
for tho 10 per cent mixture are regular and as would be expected. Those for mixtures con- 
taining higher percentages of ethylene are by no means so regular and tho curves are in 
unexpected relations to each other. Doubtless the determining factor is solubility. The 
reaction is probably taking place between tho ethylene and the hydrogen that are dissolved 
in the paraffine. The mass law then holds for this solution and not for the gases that are not 
in solution. When the passage of the gas mixture is rapid, the gases arc swept through before 
equilibrium can be established between the gas mixture and the solution. 

768 . In Fig. 6 the volume, in cubic centimeters, of gases made to combine, per minute, 
is plotted against the rate of flow. As was to be expected, this amount increases with the 

11 See para. 4826. Note also 4701, 4702, 4714 and 5035. 

14 /. Am. Chem. Soc., 1916, 2115. 
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amount of the gas mixture (hat is exposed to the action of the catalyst. The results for the 
different mixtures are in the expected order, those for the rate of 100 cc. per minute being the 
most instructive. Under these circumstances, in the 50 per cent mixture, 17 cc. of hydrogen 
is made to combine with 17 cc. of ethylene in one minute. Since the 1 g. of the catalyst, as 
prepared, cannot contain more than 0.1 g. nickel, the volume of this, considered as Ni, would 
be about 0.01 cc. or less. Hence the catalyst induces the reaction in 3400 times its own vol- 
ume of the gas mixture in one minute. In the experiment with cottonseed oil, given above, 
the same amount of nickel caused the absorption of 4230 cc. of hydrogen or 423,000 times its 
own volume of hydrogen in sixty minutes, or 7000 times its own volume in each minute. 
These volumes are calculated for a temperature of 0° and would be 67 per cent greater at 
180°, at which the action really took place. The amount of hydrogen caused to combine 
with the oil is several times as great as the amount combined with the ethylene, which is as 
would be anticipated, as the concentration of the ethylene in the paraffine is probably much 
smaller than the concentration of tho olein in the oil, and the partial pressure of the hydrogen 
in the mixture is only half so great as in tho puro hydrogen. However, the results are of the 
samo order of magnitude. 



Pate of Gas F/otv in CC per minute Pate of Gas F/ok / in cc per minute 
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Liquid Phase 

729. For hydrogenations in the liquid phase at atmospheric pressure the 
apparatus may be of the utmost simplicity. In the author’s laboratory one 
method of preparing small quantities of hydrogenated oils needed for various 
researches has involved the use of apparatus which could scarcely be simpler. 
For example if it be desired to prepare a kilogram of hydrogenated castor oil, 
we proceed as follows: 

730 . A dry round-bottomed flask of 1} to 2 litres capacity, with a 2-hole cork, is set in an 
oil-bath in which is a thermometer. In it is placed nickel formate, 31 gs. (this gives about 
10 gs. nickel for 1 kilo oil). Through one holo in the cork passes a hydrogen delivery tube 
ending just over the formate; through the other passes a thermometer which touches the 
bottom of the flask. The cork is loosely fitted. The hydrogen is now allowed to flow at a 
rate such that it slightly disturbs the formate. Heat is applied to the oil-bath: usually the 
inside thermometer lags some 15° or 20° C. behind the thermometer in the oil. When the 
former marks about 240° C. the formate decomposes rapidly but quietly. In a few minutes 
it is completely reduced. Tho heat is cut off and the nickel is allowed to cool, without inter- 
ruption of the hydrogen. This is because the catalyst is pyrophoric, and access of air would 
ruin its catalytic activity. When the temperature reaches, say, 100° C., tho thermometer is 
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withdrawn and a long-stemmed funnel replaces it. Through this the oil to be hydrogenated, 
preheated or not, is introduced, the current of hydrogen being steadily maintained. The 
funnel is withdrawn, the thermometer replaced, the heating renewed and maintained at the 
desired temperature of hydrogenation. The current of hydrogen maintains the catalyst in 
suspension and effects all the agitation necessary. 

731 . When hydrogenation is complete, the separation of the nickel may be effected 
either by filtration (in a jacketed funnel or in an oven) or by centrifuging. The former is 
simpler, but if a centrifuge permitting of keeping the oil hot is available, oentrifuging is in 
every way preferable and quicker. 

732. The method of preparing the nickel catalyst which we have just described 
is offered, not as that which produces the most active catalyst, but as the sim- 
plest, especially adapted for extemporizing. The catalyst so formed is of good 
activity and is easy to filter. It does not show any marked tendency to form 
nickel soaps with ordinary oils under usual conditions of hydrogenation and, 
according to De Roubaix 16 catalyst thus made forms very little nickel oleate 
and no stearate when used for hydrogenating even oleic acid. 

733. Description of the Apparatus and Technique for Experimental Hydro- 
genation with the Adams Platinum-oxide Catalyst. 16 This apparatus may be 
regarded as the latest development of Skita’s shaking apparatus. A ready-made 
commercial form is described and illustrated in paras. 740-741. 

734 . A. The Apparatus. As a container for hydrogen a strong tank A of about 8-10 1. 
capacity is used. The top of the tank contains two openings B and C. In one of theso B 
is welded a tube holding a gauge and valve, through this tube the hydrogen from a large 
cylinder D is introduced into the tank. In the second opening C is welded another tube 
controlled by a needle valve with two outlets, E and F, each of which holds a needle valve. 
E is used for the vacuum, a manometer G being introduced into this system, and F for a 
tube leading to the reaction mixture bottle H. Theso outlets are so arranged that it is pos- 
sible to shut off the tank from either outlet and also to make a direct connection between 
the vacuum and the bottle H, leaving A out of the circuit. The connection between the 
tank A and the bottle H is a heavy taped rubber tube (Note 1), which is in turn connected 
to a glass tube inserted through the stopper of the bottle. The rubber tube and stopper 
should be high-grade and must be carefully boiled with alkali beforo being used (Note 2). 
The arrangement for shaking the bottle is shown in the diagram. A metal strip I is clamped 
tightly over the stopper in order to hold the stopper in the bottle when the latter is filled 
with hydrogen under pressure. 

735 . For some reactions it is advantageous to heat the mixture and the following arrange- 
ment is satisfactory. The bottle H is wrapped with moistened asbestos paper to a thickness 
of about J inch; the paper then allowed to dry. When the asbestos is thoroughly dry the 
bottle is wound with a coil of nichrome wire, beginning the coil at the bottom of the bottle 
and making the turns about | inch apart. The wire is then covered with a J-inch layer of 
asbestos, which is moistened and allowed to dry, after which the wire is wound around the 
bottle in another coil from top to bottom. The second coil is covered with asbestos as before, 
and the ends of the wire are connected to the terminal wires from a source of current. Those 
wires are led along the bottle to the neck and held by means of tapo in order to avoid excessive 
shaking. A variable resistance in the circuit is used to regulate the temperature. 

736 . B. Use of the Apparatus. The tank A is filled with hydrogen to a pressure of 
40-45 lbs. from the cylinder D (Note 3). The solution, in a suitable solvent, of the substance 
to be reduced is poured into the bottle // and the platinum oxide is added (Note 4). The 
bottle is attached to the apparatus and evacuated by opening valves E and F and closing C. 
In the case of low-boiling solvents, the evacuation is continued only until the solvent begins 
to boil; in other cases it is continued until the pressure as recorded by the manometer remains 
fairly constant. The valve E is then closed and hydrogen is admitted to the bottle H from 

11 Cf. para. 566. 

18 This description was kindly furnished by Professor Adams and is essentially that 
which is published in Organic Syntheses, 8, p. 10 et seq. 
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the tank A by opening valve C (Notes 5 and 6). When the pressure in the bottle has become 
adjusted the pressure of the hydrogen and the temperature of the tank A are recorded. 
Shaking is started. Within a few minutes the brown platinum oxide turns black and the 
absorption of hydrogen begins. The shaking is continued until the theoretical amount of 
hydrogen is absorbed. The hydrogen remaining in the bottle is removed, air is admitted, 
and the mixture allowed to stand, or if necessary shaken for a few minutes in order to aid 
the settling of the catalyst. 



Fio. 7. 


737 . In certain cases where the catalyst settles spontaneously at the end of the reduction 
it is not necessary to shake the mixture with air. The solution may be decanted from the 
main portion of the catalyst and a second reduction carried out. In cases where the catalyst 
cannot be used directly for another reduction the solution is filtered, preferably through an 
asbestos filter (Note 7) and fresh solvent is used for washing. The reduction product is 
isolated from the filtrate, usually by distilling off the solvent. 

738 . C. Standardization of the Apparatus. The hydrogen tank may be standardised by 
reducing 11.6 g. (0.1 mole) of pure maleic acid (Note 8) dissolved in 150 cc. of 95 per cent 
alcohol, using 0.1 g. of catalyst. The reduction is carried out according to the procedure 
described above in B. Shaking of the mixture is continued until no more hydrogen is 
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absorbed; the theoretical amount is absorbed by 0.1 mole of maleic acid within twenty or 
thirty minutes. The temperature of the tank is recorded. The decrease in pressure corre- 
sponds to 0.1 mole of hydrogen at the observed temperature and pressure. 

739 . Notes. 1. A copper tube may be used for this connection but is less satisfactory 
since the shaking tends to wear it out at the joints. 

2. It is advisable to boil the tube and stopper with several portions of 20 per cent sodium 
hydroxide until the solution is no longer colored yellow, after which the boiling is carried out 
several times with distilled water. 

3. Electrolytic hydrogen was used in all experiments. This hydrogen is essentially free 
from all impurities except oxygen. Since oxygen in general has no harmful effect upon the 
reductions, no purification is necessary. If, however, oxygen-free hydrogen is needed, the 
gas must be passed over heavy platinised asbestos. 

4. This procedure may be varied in certain cases where it seems advantageous to reduce 
the platinum oxide to platinum-black in the presence of the solvent alone. 

5. During the reductions it is usually advisable not to allow the pressure in the tank A 
to drop below about 25 lbs. if the reduction is to be carried out in minimum time. When 
the gauge registers 25 lbs. the tank is closed off from the reducing bottle and the pressure is 
increased to about 40 lbs. by the admission of more hydrogen from D. 

6. Ordinarily traces of air in the hydrogen have no deleterious effect upon the reductions. 
If in any experiment absolute freedom from air is desired, the bottlo may be evacuated and 
refilled with hydrogen two or more times. In this way the air is all washed out of the bottle. 

7. When paper filters are used the rapid suction of air through the paper in the presence 
of the catalyst often causes spontaneous combustion of the filter. Paper filters may be used, 
however, if care is taken to keep the filter covered with solvent while suction is being applied; 
just before the last portion of solvent has run through the suction is stopped. 17 

8. Instead of maleic acid, 10.6 g. (0.1 mole) of pure benzaldehyde may be used for the 
standardization. In this case 1 cc. of 0.1 molar ferrous sulphate is added to the mixture of 
benzaldehyde. alcohol and catalyst before the reduction is started. The reduction is complete 
in fifteen to thirty minutes. 

740. The experience gained by Adams and his associates at the University 
of Illinois has been embodied in a compact and convenient apparatus for catalytic 
hydrogenations. 

741 . This apparatus, which is made by the Burgess-Parr Company, of Moline, 111., is 
illustrated by Fig. 8. It consists of an agitating mechanism, power for which is derived 
from a i^-h-p. motor, and which keeps in constant turbulence tho reactants. The catalyst, 
solvent, and compound arc confined in a 1-pint bottle made of flint glass, with a mouth of 
{-inch diameter. A guard covers the !>ottlc to protect the operator from accidental explo- 
sion. A rubber stopper seals the mouth of the bottle and permits any pressure up to 3 
atmospheres. Pressure is maintained by connection to a supply tank with a capacity of 
approximately 850 cu. ins. The tank is of seamless brass tubing with bronze headers, and is 
tested for a pressure of 150 lbs. per sq. in. The entire instrument is mounted on a heavy base. 
By previous calibration of the apparatus, the drop in pressure, measured by means of the 
gauge attached, affords a quick and accurate method of measuring the rate of the reaction 
and also the extent to which the reaction in the bottle has proceeded. The apparatus may 
also l>e used for any reactions which require vigorous agitation, and is especially valuable for 
maintaining an inert atmosphere. 

742. An apparatus has been devised by E. Emmet Reid 18 and used for the 
study of catalytic hydrogenation. The problem is to introduce a high-speed 
stirrer, inlet and outlet tubes, and, possibly, a sampling tube through a com- 
paratively small stopper and to render the whole gas-tight for both increased 
and reduced pressure. The apparatus is shown in the sketch in section, Fig. 9. 

743 . The l>oaring AC is made of two pieces of steel rod. AB and B(\ 0.5 and 1.5 ins. long, 
respectively. Both of these have a j-in. hole drilled longitudinally through them, then the 

17 It is feasible and often more convenient to effect the separation with the centrifuge. 

11 J. Am. Chcm. Soc. f 1915, 2112. 
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longer one is drilled out to a size of about for most of its length, i.e., from B to D. The 
shorter piece is turned down for half its length till it fits closely into the other, so that a 
double bearing is formed, with an enlarged cavity in the central portion. The two parts are 
assembled and channels about A by A in. are cut in opposite sides, as shown at J and K in 
cross-section in Fig. 8. Care must be taken that the channels do not cut through the walls 
of the cavity. The A brass tubes that are used for the gas inlet and outlet tubes are laid 
in these channels, which are then filled with solder, the solder more than filling the channels. 
The excess of solder is turned off in the lathe so that the whole is a perfect cylinder externally 
and adapted to make a tight joint when passed through a cork. 

744. The stirrers may be of any suitable form, but the Witt centrifugal stirrer shown is 
one of the best, as when run at high speed it effects very thorough mixing. The stirrer may 
be made of glass and fastened to the shaft by a bit of wire which passes through a hole in 
the shaft and through holes in the stirrer. The Bhaft S is of |-in. drill rod and carries a pulley 
of suitable size. The inlet and outlet tubes are bent as shown and carry enlargements so as 
to make convenient joints with rubber tubing. 



( Courtesy Burgess- Parr Co.) 

Fiq. 8. — Burgess-Parr Catalytic Apparatus with Variable Speed Motor. 


74fi. The bearing passes through a hole in a 0.5-in. rod F, and is held in place by a set 
screw Q. This rod is conveniently clamped to a laboratory iron stand. 

746. To assemble the apparatus, the shaft is pushed a short distance into the bearing from 
the bottom and mercury is poured in. The shaft is then pushed on through, causing the 
excess of mercury to overflow and leaving the cavity in the bearing filled with mercury. 
Thus a gas-tight mercury seal is formed which is tight no matter how fast the shaft rotates. 
To make a stuffing-box gas-tight would require so much pressure that the rotation of the 
shaft would be hindered. The mercury seal, though tight, offers no resistance to the motion 
of the shaft. This seal is tight against either excess or diminished pressure for moderate 
pressures. The apparatus in use proved to be gas-tight under a pressure of 3 ft. of water. 
The shaft must fit the bearings very accurately to avoid danger of loss of mercury, but little 
trouble has been met with in this respect. Lubrication is accomplished by placing a drop of 
oil above and below the bearings and working the shaft up and down a few times. This should 
be done each time the apparatus is used. 
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141, In case it is desired to take out samples during the course of the reaction, the bearing 
is cut from a somewhat larger rod, and a hole is drilled through the assembled bearing, to one 
side, as shown in section at H in Fig. 11. This hole is stopped by a plug lubricated with oil. 
For taking out a sample, a piece of 0.25-in. glass tubing is drawn out to a capillary about 6 ins. 
long. This is passed down through the hole in the bearing and the desired amount of liquid 
drawn out. A hole is drilled in the web of the pulley so that it can be brought over the hole 
in the bearing and allow the capillary to pass. In studying the velocity of the reaction, the 



Fig. 10. 
Fio. 11. 



Fio. 12. 


time is taken till the moment that the stirrer is stopped. Taking out a sample requires about 
one minute. The time for the next period is taken from the moment that the stirrer is again 
started. Experiments have shown that reactions of this sort, depending on stirring, stand 
practically still when the stirrer is not in operation. 

748 . The sixe apparatus hero described has proved extremely useful for small-scale work 
of a variety of kinds. Obviously, the same plan might be used for apparatus for larger 
operations. The flask is heated to any desired temperature by being placed in a suitable 
bath. Temperatures up to 220° have been used. The stirrer has been run by an elec trio 
motor, a rubber band serving as a convenient belt. Speeds of 3000 to 4400 r.p.m. have been 
obtained without difficulty. 
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749. Rideal and Taylor 19 describe a compact and relatively simple apparatus 
for vapor phase hydrogenations, particularly suitable for studying temperature 
effects. The construction is shown in Fig. 12. 10 The outside tube is electrically 
heated. The upper end of the tube terminates in a tube of narrower bore to 
carry the thermometer or thermo-couple. The catalyst is contained in an inner 
concentric tube. There is between this and the outer tube an annular space 
through which the gases pass up and are heated. This apparatus is simple and 
permits of accurate temperature control. Muiatis mutandis, made of metal, it 
can be used for operations on a semi-technical scale. 



Fio. 13. 


760. Laboratory Autoclave for Hydrogenation. The illustration, Fig. 11, shows a labora- 
tory type of autoclave for hydrogenation under pressure, made for the author by the F. J. 
Stokes Company of Philadelphia. The autoclave is of cast steel with a rounded bottom. 
The stirrer is operated by a round belt on a grooved pulley. Hydrogen inlet pressure gauge 
and safety valve are provided. The autoclave is guarded by a sheet-iron mantle and is heated 
by a gas burner. 

751. Descriptions of apparatus and technique for operation under high pres- 
sures will be found in Chapter LII. 

762. Combined catalytic-electrolytic method of reduction. 11 

The apparatus consists of a round-bottomed vessel which can be suspended so as to 
permit continuous agitation and through which a current of hydrogen or other gas can be 

19 Catalysis in Theory and Practice, 2d ed., pp. 96-97. 

10 Rideal and Taylor, loc. cil ., by courtesy of The Macmillan Co. 

91 Iahiwara, Ber. t 1924, 67, 1125, 1924, 768B. 
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passed. It is pierced near the base by a hole which is provided with a rubber stopper through 
which a palladium cathode passes. Another opening in the top of the vessel carries a small 
porous pot containing dilute hydrochloric acid and a nickel anode. During reduction a cur- 
rent of hydrogen is passed into the vessel. The reducing action of the catalyst appears to be 
strengthened greatly by the passage of the electric current, but reduction is also effected in 
part directly at the cathode. 



Fio. 14 . — Gouoh A Kino Apparatus fob Catalytic Hydrogenations by Adams Method. 

The apparatus consists of a standard hydrogen cylinder A, fitted with a high-pressure automatic 
regulator with two gauges, the lower one indicating the pressure in the cylinder, and the upper the 
outlet pressure, which latter can be adjusted to give any constant outlet pressure from about 20 lbs. 
per square inch upwards. The outlet is connected by pressure tubing reinforced with canvas, to a 
valve B screwed and sweated into the shoulder of the cylinder C, which is an old hydrogen cylinder, 
capacity 9.97 litres, and no longer of suitable strength for the standard filling pressure of 120 atmos- 
pheres. but withstanding 10 atmospheres. A pressure gauge, graduated in divisions of 2 lb. per square 
inch, is screwed and sweated into the shoulder at another point, and can be read to within 0.5 lb. per 
square inch, thus being capable of indicating a minimum consumption of 0.03 g. of hydrogen at a 
working pressure of 3 atmospheres (absolute). The neck of this cylinder has a two-way connection, 
each carrying a fine adjustment valve. One of these may be connected to a vacuum pump, and the 
other to the hydrogenation flask, which can be shaken by means of an eccentrio attached to a small 
motor. (J.S.CJ., Chem. A /ad., 1928, 47, 410.)* 
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CHAPTER VIII 


NON-COLLOID AL NOBLE METAL CATALYSTS 

800. The noble metal catalysts used in hydrogenation are generally members 
of the platinum group, i.e., platinum, palladium, iridium, rhodium, ruthenium, 
osmium, and especially the two first mentioned. 

801. Platinum was one of the first catalysts to be used in experimental 
hydrogenation, and, with palladium, it still occupies an important place in 
laboratory practice. Although most industrial hydrogenations are performed 
with the aid of nickel catalysts, there still remain some which call for the use of 
the noble metals. The advantage usually sought in such cases is the possibility 
of hydrogenation at low temperatures, frequently at “ room temperature." The 
relative importance, in industry, of the two classes of hydrogenation catalysts, 
i.e., noble metal and base metal, may be roughly gauged by the number of inven- 
tions classified under these two heads, respectively, in the patent literature. 

802. Noble Metal and Nickel Catalysts, Comparative Study. Zelinsky and 
Turova-Pollak 1 have studied the activity of noble metal catalysts and of various 
nickel catalysts in the hydrogenation of benzene (and in dehydrogenation of 
cyclohexane). The noble metal catalysts were all prepared by one method, 
namely, by soaking asbestos in a solution of the chloride, then in 35 per cent 
formaldehyde, then in 50 per cent caustic potash solution, washing thoroughly 
in water containing a little acetic acid and drying at 120° C. The nickel cata- 
lysts were made by six different processes and numbered accordingly. I. Nickel 
chloride was treated with formaldehyde and potassium hydroxide; the product 
was reduced in hydrogen at 300°-350° C. II. Nickel carbonate was reduced 
at 310°-320° C. III. Nickel powder was heated in hydrogen at 310° C. 
IV. Asbestos, impregnated with nickel nitrate solution, was ignited and treated 
with hydrogen at 310° C. V. This catalyst was made by Sabatier's method, 
calcining the nitrate and reducing the oxide at 300° C. VI. Nickel deposited 
on clay. 

80S. Platinum, iridium, rhodium, and ruthenium cause the conversion of bensene into 
cyclohexane within wide limits of temperature (100-180°). At 200-210°, dehydrogenation 
occurs to some extent even in the presence of hydrogen, except in the case of iridium. Palla- 
dium is a somewhat less effective hydrogenating catalyst, the full activity of which towards 
benzene is not developed below 155-180°. Nickel black I is a very efficient hydrogenating 
catalyst at 100-210°, whereas nickel II and III are feeble and useless, respectively. Nickel IV 
is active at about 130°, nickel V between 130° and 180°, whereas nickel VI has the optimum 
temperature 175-180°. At 250-260°, palladium, platinum, iridium, and rhodium still cause 
hydrogenation of bensene, whereas ruthenium is almost inactive. At 300-310°, hydro gens- 

1 Ber. t 1925, 58B, 1298; /. Chan. Soc., 1925, 1*8, i, 1052. 
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tion is obeerved with platinum and rhodium, scarcely with palladium, and inappreciably with 
iridium and ruthenium. Nickel catalyst* I, IV, and V cause marked hydrogenation at 250- 
260°, whereas catalysts II and VI are feebly active. All nickel preparations lose their power 
of causing hydrogenation at 300-310°. It therefore appears that the specific properties as a 
reducing catalyst towards benzene attributed to nickel by Sabatier and Senderens are not 
peculiar to this metal, which can frequently be replaced advantageously by platinum or palla- 
dium. The noble metals are less liable than nickel to cause secondary decompositions. 

804. The Alleged Dependence of Hydrogenation Catalysis on the Presence 
of Oxygen. The locus classicus for the affirmative in this controversy is the paper 
by Willstatter and Waldschmidt-Leitz.* This article is highly dogmatic in tone 
and some of its conclusions have been traversed and, apparently, discredited. 
Nevertheless its importance is great. 

805. Wills t&t ter and Jaquet * were led to the conclusion that platinum itself, and platinum 
loaded with oxygen are to be regarded as distinct catalysts. It is now shown, however, that 
platinum and palladium, whether as spongy metal or as colloid, are incapable of bringing 
about the hydrogenation of even the most reactive olefines if they have been freed completely 
from oxygen. 

806. The catalyst may be freed completely from oxygen by treating its suspension in 
glacial acetic acid with hydrogen for thirty hours at the atmospheric temperature, or eight 
hours at 50-60°. It is then completely insoluble in hydrochloric acid, and does not liberate 
iodine from acidified potassium iodide solution. It is incapable of causing the hydrogenation 
of benzene, cyclohexene, limonene, or pyrrole, but acquires this power if shaken for a short 
period with air. Deoxidation of the catalyst takes place during hydrogenation, and the 
“poisoning” action of certain substances, such as glycerol and thiophen, is certainly due to 
this cause, but it is doubtful [sic) if all cases of paralysis of the catalyst can be explained by 
the removal of oxygen. Removal of oxygen by diminution of pressure can be accomplished 
with difficulty, but, by continuous exhaustion with a high vacuum pump, it was found possi- 
ble to get a nearly inactive preparation. 

807. Hydrogenation of a di-olefine could not be effected in the presence of palladium- 
black which had been freed completely from oxygen, while oxygen-free colloidal palladium 
was also found to be inactive. 

808. Catalytic hydrogenation in the presence of nickel preparations has been regarded 
by Sabatier as exclusively a property of the metal; the function of the oxides of nickel has, 
however, been recognized by Bedford and Erdmann, while Brochet has expressed the opinion 
that pure nickel is catalytically inactive. The experiments of Willstatter and collaborators 
show that while nickelous oxide and nickel suboxide are active, the metal itself, even when 
prepared at the lowest possible temperature, is inactive in the presence of sodium cinnamate, 
oleic acid, or methyl oleate, but acquires activity when primed with oxygen, the quantity of 
the latter which is required being very small. 

809. The discovery of the role of oxygen in catalytic hydrogenations in the presence of 
platinum enables the technique of the operation to be improved considerably, since the 
catalyst is reactivated by oxygen as soon as it shows signs of diminished activity, and "poison- 
ing” is circumvented either by increasing the amount of platinum or by suitable treatment 
with oxygen. Priming is particularly useful when only small quantities of catalyst are used 
or when it is employed frequently. The use of spongy palladium has no advantage over that 
of platinum, while, on the other hand, the greater absorption capacity of the former for 
hydrogen renders more difficult its reactivation by oxygen to such an extent that the proce- 
dure becomes either dangerous or cumbersome. According to Boeseken and his co-workers, 
the process of catalytic reduction by finely divided metals depends on a diffusion phenomenon 
which precedes the actual hydrogenation and controls the rate of reaction, since it is assumed 
to take place more slowly than the actual reduction. This hypothesis does not explain the 
very different rates of hydrogenation of benzene and cyclohexene under similar conditions, 
since it is improbable that the diffusion process can differ greatly in the two cases, or the 
cessation or delay after addition of a molecule of hydrogen to cinnamic acid. It appears 
more probable that the rates observed in catalytic hydrogenation depend on two fac- 


* Ber., 1921, 54B, 113. Our abstract is abbreviated from J. Chem. Soc., 1921, 110, ii, 185. 

• Ber., 1918, 51, 767. 
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tore : (a) the actual velocity of hydrogenation, and (6) the decrease in the amount of catalyst, 
since the spongy or colloidal metal, which contains oxygen, is reduced to the inactive metallic 
hydride, while it transfers hydrogen to the substance under investigation. Since the loss of 
oxygen from the catalyst frequently seems to take place with uniform rapidity, it is possible 
to compare the activities of unsaturated substances by comparison of the volumes of hydrogen 
which are transferred to them by a given weight of oxygenated platinum before the latter 
becomes exhausted. Alternately, the initial rates of hydrogenation may be compared. The 
results obtained by the two methods are similar. 

810. Substances may be divided into three groups, according to their rate of hydrogena- 
tion: (a) ethylenic compounds, with which the process occurs so readily that deoxygenation is 
scarcely noticeable; (6) simple aromatic substances, which are moderately rapidly hydro- 
genated (but much more slowly than the olefines), and with which removal of oxygen may 
cause a great decrease in the activity of small amounts of catalyst; and (c) difficultly hydro- 
genating substances, which can be reduced only after activation by the method of Willstatter 
and Jaquet ( loc . clt.). The rate of hydrogenation is so small that deoxygenation of the plati- 
num occurs with inconvenient rapidity. Polynuclear aromatic compounds, such as o-bensyl- 
bensoic acid, o-naphthoylbenzoic acid, and substances which directly remove oxygen from 
the platinum, belong to this class. 

811. Waldschmidt-Leitz and Seitz 4 cite twenty-one references to show that 
the oxygen content of platinum-black determines the results obtained in hydro- 
genation with a platinum catalyst. 

818. Skita, 4 discussing the mechanism of catalytic hydrogenation, says WillstAtter and 
Waldschmidt-Leitz have pointed out the necessity of priming the platinum catalyst with 
oxygen during the course of many hydrogenations and have advanced the hypothesis that a 
platinum superoxide or oxide is formed as intermediate product. This is not incompatible 
with Skita's observation that the activity of the catalyst produced in situ is superior to that 
of the preformed agent, since the experimental conditions did not guarantee the complete 
absence of oxygen. Comparative experiments with a platinum catalyst produced in situ do 
not show any difference in the rate of hydrogenation of pulegone or aap-x ylidine when every 
trace of oxygen is excluded or when special precautions to this end are not observed. The 
formation of a superoxide as catalyst cannot therefore be assumed in these cases. Further, if 
the platinum catalyst is in reality a superoxide, its oxygen must liberate iodine from potas- 
sium iodide, and hydrogenation must therefore be impossible in the presence of the salt. It 
is found, however, that phenol is reduced smoothly to cyclohexanol at 40° C. in the presence 
of potassium iodide. On the other hand, the addition of the latter completely inhibits the 
reduction of phenol or as-j>-xylenol at the atmospheric temperature, whereas reaction occurs 
slowly but quantatively when the mixture is heated to 50° C. At the higher temperature, 
therefore, it seems impossible that hydrogenation should depend on the formation of a plati- 
num superoxide. It has not yet been elucidated whether the failure of the action at the 
atmospheric temperature is due to the inactivation of a platinum superoxide or to poisoning 
of the catalyst. 

813. A meritorious contribution to this discussion is published by Zelinsky and (Mrs.) 
Turova-Pollak. 6 They find that a platinum or palladium catalyst which has been inactivated 
by use as a hydrogenation catalyst produces carbon dioxide when oxygen is passed over it. 
even at room temperature. Results for nine such catalysts are reported. The curves have 
all the same general form : the evolution of carbon dioxide, beginning at room temperature, 
rises steeply to a maximum at 150°-250° C. and falls steeply again as the temperature rises 
to 300° C. The original activity of the catalyst is thus restored. These workers are of 
opinion that in every hydrogenation, at least to a small extent, profound decomposition of 
the reactant molecules occurs with deposit of carbon on the catalyst. This, evidently, would 
explain the need for and the efficacy of reactivation with oxygen. It still leaves unexplained 
the alleged inactivity of a new platinum catalyst formed in the absence of organic matter and 
devoid of oxygen. If this inactivity really exists in these conditions, we could make the 
Zelinsky-Pollak hypothesis cover the facts, by supposing that a brand-new catalyst is so 
active that immediately it comes in contact with organic matter, and before hydrogenation 
can take place, dehydrogenation occurs and the carbon veil forms on the catalytic surface. 

4 Ber .. 1925. 58B. 663. 

1 Slrita, Ber. % 1922. 55, 139-143; (7.S.C./., 1922. 41, 195A). 

# Ber., 1926, 59B, 156; Chem. Abat., 1926, 30, 1599. 
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814. Gas Charges in Platinum Catalysts. K&b 7 prepared platinum catalyst* 
by electrical disintegration in various gases and in a vacuum and determined 
the activity by measuring the decomposition of formic acid at room tempera- 
ture. Formic acid is a strong poison to platinum-black.® 

815. The catalyst prepared in a vacuum and that prepared in an atmoephere of nitrogen 
were active. Those made in hydrogen, oxygen, and carbon monoxide were inactive. Plati- 
num-black which had been exhausted in hydrogenation could be reactivated by removal of 
the hydrogen. 

816. If the conclusions of this worker are confirmed and generalized it is conceivable that 
the Willst&tter effect may sometimes be due to the need for removal from the catalyst of an 
inactivating form of hydrogen, rather than to the necessity, in catalysis, of oxygen at the 
catalytic surface. In this connection the overpotential phenomenon is suggestive.’ 

817. Boswell and Bayley, 10 holding the view that “ interior oxygen ” (due 
to non-completion of the reduction) is vital to the maintenance of the active 
surface film of the catalyst, find themselves able to interpret in this sense the 
results of experiments on the poisoning by chlorine of platinum oxide and nickel 
catalysts. The catalysts were supported on asbestos. Poisoning of the catalyst 
is due to destruction of the active surface by chlorine, whereby the precious 
“ interior oxygen” is exposed, forms water with the hydrogen and, until this is 
removed, catalysis is inhibited. 

818. For nickel catalysts the necessity for the presence of oxygen seems to 
have been disproved by the careful work of Kelber. 11 This investigator has been 
unable to confirm the observation of Willst&tter and Waldschmidt-Leitz that 
metallic nickel, prepared by ignition of nickel oxalate, and reducing the oxide 
at 350°-360° C. is incapable of accelerating hydrogenation catalytically unless 
previously primed with air. He has further examined the behavior of metallic 
nickel obtained by the reduction of basic nickel carbonate at different tempera- 
tures in the same vessel as is used for the subsequent hydrogenation experiments, 
thus avoiding any possible complication caused by exposing the product to air. 
The activity of the catalyst was examined in respect to aqueous solutions of 
sodium cinnamate. Metallic nickel prepared at 350°-360° C. is found to be but 
little inferior to that obtained at 300° C. and notably superior to that produced 
at 210° C. The material first described becomes completely inactive when 
shaken with oxygen at 18°-20° C. but if treated with hydrogen at 70°-80° 
becomes again active at the temperature of the laboratory. The latter phe- 
nomenon was not observed by Willst&tter and Waldschmidt-Leitz since they 
worked at 60° C., at which temperature the catalyst commences to regain 
activity. 11 

819. Kelber 11 continued to work on this subject and showed that metallic 
nickel deposited on a carrier, inactivated by short exposure to oxygen, was more 

7 Z. phyaik. Chem., 1925, 115, 224: Chem. Abat., 1925. 19, 1804. 

* According to Bofiseken et al.. Rev. Trav. Chim. Pays-Bat, 1916, 35, 260. 

• See the discussion in Rideal and Taylor : Catalysis in Theory and Practice, 2d edition, 
pp. 425-426; 1st edition, p. 395 (over-voltage). 

10 J. Phyt. Chem., 1925, *9, 11. 

»« Ber., 1921, 54, 1701-1705; Chem. Abet., 1922, 16, 189. 

»* J.S.C.I., 1921, 40, 789A. 

** Ber., 1924, STB, 136-143; Chem. Abet., 1914, 2153. 
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readily restored than was unsupported nickel. Catalytic activity was per- 
manently destroyed by treatment with oxygen at 60°-70°. Nickel on a carrier 
is much inactivated when heated with water in an atmosphere of hydrogen: 
this effect was not observed with unsupported nickel. Supported nickel develops 
maximum activity when reduced at 350°, but retains some activity when pre- 
pared at 1000°. Unsupported nickel reduced at 450° is almost inactive. 

820. Working under conditions which are considered to exclude the pres- 
ence of oxygen and with hydrogen which is free from any trace of the latter, 
the hardening of cottonseed oil has been effected in the presence of reduced 
nickel (from the cyanide or chloride), nickel powder, or palladized kieselguhr. 
It appears therefore that Willstatter’s assumption of the necessity for the pres- 
ence of oxygen in a nickel catalyst is unjustified. 14 


PLATINUM CATALY8TS 

821. As a hydrogenation catalyst platinum may be used in the massive 
form, or as platinum sponge, or as platinum-black, or in colloidal form, or it 
may be introduced as an oxide. 

822. Massive Platinum. Platinum in the form of wire or gauze is a catalyst 
of cardinal importance in modern industrial chemistry, but in the hydrogena- 
tion of organic bodies it is of little or no value. 

823. Platinum Sponge. Platinum sponge is the name given to the heavy, 
porous form in which the metal is obtained when ammonium chlorplatinate is 
ignited. It is inferior in hydrogenation activity to the other platinum cata- 
lysts yet to be described and is, therefore, less used. 

824. Platinum-black: Method of Preparation. A favorite method for the 
preparation of a platinum-black catalyst is that of Loew. 15 

815. Twenty-five grams of platinic chloride are dissolved in 30 cc. of water; 35 cc. of 40 50 
per cent solution of formaldehyde are added; 50 g. of 50 per cent sodium hydrate solution in 
water are run in drop by drop, while cooling the mixture. The whole is allowed to stand for 
twelve hours, then filtered through a BQchner funnel and washed with water till the wash 
water begins to show a gray tinge. Alternatively, 1 * the alkaline fluid may be heated to 50° C. 
for fifteen minutes, then decanted, and the platinum-black washed by decantation until the 
washings give no reaction with silver nitrate solution. The product is dried in vacuo and 
exposed to air or to oxygen before use. 

816 . These directions have been changed, chiefly in regard to the temperature of precipi- 
tation and the nature of the alkali, first by Willst&tter and Hart 17 ; again, by Willstatter and 
Waldschmidt-Leitz u ; and still again by Feulgen. 19 The changes from the original direc- 
tions of Loew result in the production of a more effective catalyst and eliminate a few of the 
experimental difficulties involved, such as that of filtration of the platinum-black. More- 
over, it is reported that the platinum produced by the modified directions is more uniform in 
its activity as a catalyst. Even with these improvements, the production of a very active 
catalyst cannot be relied upon unless the directions are followed with exactness. Drying in 

14 Nonnann, Ber ., 1922, 55 , 2193-2197; J.S.CJ ., 1922, 41 , 675A. 

14 Ber., 1890, 23 , 289. 

11 Willstatter, 1912, Ber., 45 , 1472. 

17 Ber., 1912, 45 , 1472. 

14 Ber., 1921, 54 , 113. 

19 Ber., 1921, 54 , 360. 
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a good vacuum for twenty-four to forty-eight houre is very neoeeeary if a high activity is to 
be obtained. 10 

827. As this catalyst is sensitive to traces of chlorides the elimination of 
these must be thorough. 

828. Paul's Method. In some cases a catalyst may be efficiently and simply 
produced by suspending or dissolving a platinum (or palladium) chloride in the 
liquid to be hydrogenated, or in a suitable solvent, and passing in hydrogen at 
2-3 atmospheres' pressure and at a temperature of 80° C. Sodium carbonate 
should be added to neutralize the hydrochloric acid set free. 

829. With olive oil rapid hydrogenation ia obtained by this process, using 0.1 per cent of 
platinum, or even less of palladium. 11 

830. The Adams Platinum Oxide Catalyst A platinum catalyst first described 
by Voorhees and Adams 11 has several important advantages. The preparation 
is of great simplicity, the product is of uniform and of high activity. These 
workers, considering the two facts that platinum-black is usually active as a 
reducing agent only when it contains oxygen, 11 and that when platinum-black 
absorbs oxygen true oxides or hydroxides of platinum are formed, 14 concluded that 
platinum black from oxides of platinum should prove an excellent hydrogenation 
catalyst. This expectation was fulfilled and catalysts of this kind, as well as 
similar products containing palladium and iridium oxides, have been success- 
fully used by Adams and his associates. The results will be dealt with under 
the heading of catalytic hydrogenation of organic compounds. 

831. The following is a description of the preparation and method of use of 
this valuable catalyst : 56 

832. Platinum Catalyst for Reductions. 14 

6NaNO, + H t PtCl.=6NaCl + Pt(NO,) 4 + 2HNO, 
Pt(NOi) 4 =PtOt + (NO,) 4 + 0, 

SS3. In a porcelain casserole (a Pyrex beaker may be used) is prepared a solution of 3.5 g. 
(Note 1) of a commercial C.P. chloroplatinic acid (Note 2) in 10 cc. of water, and to this is 
added 35 g. of C.P. sodium nitrate (Note 3). The mixture is evaporated to dryness by 
heating gently over a Bunsen flame while stirring with a glass rod. The temperature is then 
raised, 350-370° C. being reached within about ten minutes. Fusion takes place, brown oxides 
of nitrogen are evolved, and a precipitate of brown platinum oxide gradually separates. 

834. During this procedure foaming often occurs, in which case the mass is more vigorously 
stirred and an additional flame directed at the top of the reaction mixture. If the burner under 
the casserole is removed when foaming starts, the top of the fused mass solidifies and foaming 

10 Voorhees and Adams, J. Amcr. Chcm. Soc. t 1922, 44, 1397. 

11 Paal. U. 8. Pat. 1,023,753, 1912. See also U. S. Pat. 1,063,746, 1913 to Skita. 

n The Use of the Oxides of Platinum for the Catalytic Reduction of Organic Compounds, 
J. Amcr. Chcm. Soc. t 1922, 44, 1397; for more detailed information on preparation of the 
catalyst see Adams and Shriner, ibid., 1923, 40, 2171. 

11 See numerous references in Voorhees and Adams, loc. cii., especially the important paper 
by WillstAtter and Waldschmidt-Leitx, Ber., 1918, 51, 767. Skita, Bcr., 1922, 50, 139, has 
shown that colloidal platinum is active in the absence of oxygen. CJ. paras. 804-812. 

14 Wdhler, Bcr. % 1906, 36, 3475. 

11 Voorhees and Adams, loc. cii., and especially Adams and Shriner, loc. cii. 

14 This description was kindly furnished by Professor Adams. 
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may become sufficient to carry material over the sides of the casserole. By the end of fifteen 
minutes, when the temperature has reached about 400° C. t the evolution of gas has greatly 
decreased. At the end of twenty minutes the temperature should be 500-550° C. At this 
point the vigorous evolution of oxides of nitrogen has practically ceased and a gentle evolution 
of gas takes place. The temperature is held at this point (best with the full force of the 
burner directly on the casserole) until about thirty minutes have elapsed, when the fusion 
should be complete. 

835. This temperature (500-550° C.) is most satisfactory for the fusion (Note 4) in order 
to obtain a catalyst of maximum activity and minimum lag (Note 5). The temperature 
indicated is generally attained by the use of one ordinary Bunsen burner turned on as 
high as possible; where the gas pressure is low a Meker burner may be necessary. Tho 
mass is allowed to cool and is then treated with 50 cc. of water. The brown precipitate settles 
to the bottom and can be washed by decantation once or twice, then filtered (preferably 
through a hardened filter paper on a Gooch crucible) and washed on the filter until practically 
free from nitrates. 

836. If the fusion has been properly carried out no difficulty is encountered in this 
procedure; but if the temperature of fusion has not been high enough or is not maintained 
for a sufficiently long time the precipitate tends to become colloidal on addition of water 
and does not filter well; moreover, under these conditions the yield of product and its 
activity as a catalyst are diminished. Sometimes the precipitate becomes colloidal only 
when practically all of the nitrates are removed; in this case it is better to stop washing as 
soon as the colloid starts to form, since small traces of the salt do not affect the efficiency of 
the catalyst. 17 The filtrates should be tested for platinum and saved if any is present (Note 6) . 

837. The oxide is either used directly, or more generally it is dried in a desiccator and 
portions of the dried material weighed out for reductions. The yield is 1.57-1.05 g. (95-100 
per cent of the theoretical amount). (Notes 4 and 7.) 

838. The platinum catalyst, as has been found with platinum-black prepared by other 
methods, may sometimes be used a second, third or even more times in the reduction of cer- 
tain compounds merely by reactivating (Note 8) with air or oxygen. A spent catalyst must 
be reworked (Note 9) along with the platinum recovered from filtrates (Note 6), filter papers 
(Note 10), and the casserole (Note 11). 

839. In the use of platinum-oxide platinum-black for reductions, certain types of com- 
pounds require different physical conditions from others in order to obtain the best results 
in each case and factors such as the following must be taken into consideration: the medium 
in which the reduction of platinum-oxide to platinum-black occurs (Note 12), the effect of 
traces of inorganio salts (Note 13), the solvent employed (Note 14). Palladous-oxido pal- 
ladium-black has been used for catalytic reduction, and in some cases has proved a more 
efficient catalyst than the platinum-oxide platinum-black, though generally this has not l>een 
found true (see para. 878). 

840. Notes. 1. If a considerable quantity of platinum oxide is desired it is more satis- 
factory to prepare several runs of the size indicated than one large run, since spattering and 
the evolution of gases make large amounts inconvenient to handle. The activity of tho 
catalyst decreases after standing for several weeks and therefore the oxide should be mado 
up as required. 

841. 2. The commercial C.P. chloroplatinic acid varies somewhat in its purity, depending 
on the concern from which it is purchased. In this work that from the Mallinckrodt Chemical 
Company, St. Louis, was used and gave very satisfactory results. Since small amounts of 
impurities in the catalyst are important factors in the rate of reduction of certain types of 
compounds, this question of impurities in the chloroplatinic acid must be taken into account 
(Note 13). In a large proportion of the reductions studied, platinum oxide prepared from 
the chloroplatinic acid mentioned gave as good results as that from spectroscopically puro 
chloroplatinic acid made according to the directions of Wichers. 18 

848. 3. U.S.P. sodium nitrate could probably be used in place of the C.P. grade in most 
instances, but in one type of reduction at least (that of aminophenols to cyclic amino alcohols) 
the small amount of impurities in the U.S.P. grade affected the activity of the catalyst. 

843. 4. The relation of temperature of fusion to the properties of the catalyst produced 
was determined by carrying out the fusion at various temperatures which were recorded by 

17 Garland and Reid, J. Am. Chem. Soc., 1925, 47, 2333, boiled the colloidal platinum oxido 
which passes the filter with sodium carbonate and obtained a precipitate of the oxide which 
seemed as active, catalytically, as the rest. 

18 J. Am. Chem. Soc., 1921, 43, 1268. 
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stirring continuously with a thermocouple encased in a Pyrex glass tube, and reading the 
temperature on a pyrometer. The product prepared at lower temperatures is usually light 
brown in color and has a greater tendency to become colloidal on washing. The catalyst 
prepared at intermediate temperatures is brown in color and at 600° has a very deep brown 
color. The color may vary even when the catalyst is prepared under conditions which are 
essentially the same, but if the temperature indicated in the procedure is used the oxide will 
be satisfactory. 

844. The products prepared at temperatures below 450° C. and above 600° C. have a lower 
activity and require a greater length of time for reduction to platinum-black than those pre- 
pared at temperatures between 450° C. and 600° C. 

845. If the fusion temperature is about 300° C. t the yield of platinum oxide is very low, at 
higher temperatures the yield increases, and at temperatures of 450° C. and higher it is practi- 
cally quantitative. With a proper fusion a slightly lower yield than quantitative is generally 
not due to non-precipitation of the platinum but to loss by spattering and to deposition of 
a small amount on the casserole. 

846. 5. The brown oxide is a heavy granular powder which settles to the bottom of the 
solution in the bottle in which the reduction is carried out. It must be reduced to platinum- 
black before it becomes a catalyst for the reduction. When the hydrogen is admitted and the 
bottle shaken the brown oxide becomes black and whips up into a fine suspension. The time 
necessary for the change of the oxide to platinum-black is called the lag. The time of lag 
varies usually from several seconds to two or three minutes, depending upon the conditions 
under which the platinum oxide is reduced to platinum-black. In general, the lag is short 
provided the reduction of the oxide is carried out merely in the presence of solvent; if carried 
out in the presence of solvent and substance to be reduced, as is more frequently the case, 
the character of the substance being reduced has a considerable effect and sometimes a lag 
of ten to fifteen minutes occurs. In experiments whore foreign salts are added as promoters 
or poisons the lag varies widely, though generally within a maximum of ten to fifteen min- 
utes; exceptions occur and it was found the lag is forty to sixty minutes or more, when the 
platinum oxide is reduced in presence of a little sodium nitrite and an alcoholic solution of 
benxaldehyde. It is probable also that the temperature at which the platinum-oxide is 
formed from the chloroplatinic acid and the solvent present have some effect on the ease with 
which it is reduced to platinum-black. 

847. 6 . It is advisable to test for platinum in all the filtrates before discarding any of 
them, since there is a tendency for small amounts of platinum to remain in solution. A very 
satisfactory and delicate test for platinum, descril>cd by W6hler, ,f consists in making the 
solution acid with hydrochloric acid and adding a few drops of stannous chloride. A yellow 
color develops when platinum is present and a brown color when it is in largo amount. If 
any doubt exists as to whether or not the solution is yellow, it should be shaken with a small 
amount of ether; the yellow color concentrates in the ether layer, indicating the presence 
of platinum. From the sodium nitrate filtrates a large proportion of the platinum can be 
recovered by adding excess of formaldehyde and sodium hydroxide and heating. Upon 
standing, platinum-black separates and may be filtered and worked up with other platinum- 
black residues. The platinum which still remains in solution after this precipitation can be 
recovered by acidifying the solution and heating with xinc. 

848. 7. Quantitative analyses show the oxide to be PtOi -HjO. It usually contains a 
very small amount of glaze from the platinum casserole, but this does not affect its use or 
activity. The oxide dissolves only slightly in hot aqua regia, even after long heating; it is 
insoluble in boiling concentrated nitric acid and only slightly or at least only slowly, soluble 
in boiling concentrated hydrochloric acid. Constant- boiling hydrobromic acid, on the other 
hand, dissolves it completely in the cold with the evolution of bromine and the formation of 
a solution of broraoplatinic acid from which the red potassium salt can be readily precipitated 
or the solution may be evaporated and the residue used directly in a subsequent fusion. 

849. 8. The platinum-oxide platinum-black, like any other platinum-black, gradually 
loses its activity with use. In the reduction of certain types of compounds, notably alde- 
hydes. the catalyst can be revivified by shaking with air or oxygen for a few minutes. Fre- 
quently this must be done in order to have the reduction go to completion and often it is 
desirable to do so during a reduction so as to increase the rate of reaction. In other reduc- 
tions such as those of pyridine salts, attempted reactivation as described above results in the 
complete deactivation and frequently the coagulation of the catalyst. In reducing certain 
substances, the catalyst tends to coagulate in lumps during the reduction, particularly toward 

1# Chem. ZtQ. % 1907. SI, 938. 
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the end of the reduction. In theee instances reworking of catalyst is necessary (Note 9) 
before it can be used satisfactorily for a second run. On the other hand, in the reduction of 
many substances, the catalyst does not coagulate, but after the reduction is complete it 
gradually settles if allowed to stand, and the supernatant liquid may be decanted; when a 
second run is made with this catalyst it is frequently not much inferior to new catalyst and 
forms a fine suspension as soon as shaking is again started. 

850 . 9. Platinum residues may be reworked by dissolving them in aqua regia, filtering, 
evaporating the filtrate to dryness, taking up with a little water and fusing with sodium 
nitrate. If organic matter is present in the chloroplatinic acid, as is generally the case when 
recovered platinum is used, it will be oxidised during the fusion and. excepting in cascb requir- 
ing a spectroscopically pure platinum, seems to have no deleterious effect. Repeated rework- 
ing does seem to cause an accumulation of poison in the catalyst, and under these conditions 
it should be purified as described by Wichers.* 8 

851 . 10. There is always a certain amount of the oxide which remains sticking to the 
filter paper during filtration, so that these papers should be ignited and the residue added to 
any platinum catalyst which has already become inactive and requires redissolving and 
reprecipitation (Note 9). 

852 . 11. The thin film of oxide which remains in the casserole is dissolved by treating 
with a little constant-boiling hydrobromic acid (Note 7) ; the solution obtained may then be 
evaporated and the residue added to the next fusion mixture. 

853 . 12. In certain reductions it is an advantage to reduce the platinum-oxide to platinum- 
black by shaking with hydrogen in the presence of solvent only, before the substance to be 
reduced is added to the mixture. More often the catalyst is reduced in the presence of the 
substance to be reduced; with aldehydes, for example, the platinum-black is usually more 
finely divided and generally more active if prepared in presence of the aldehyde. 

854 . 13. Certain inorganic salts have the effect of promoting or retarding the action of 
the catalyst. Thus in the reduction of aldehydes, iron salts in mere traces have a remarkable 
effect in increasing the rate of reduction and in inhibiting the tendency of the catalyst to lose 
its activity. To a lesser extent manganese, nickel, and other salts have the same effect. On 
the other hand, with the majority of substances studied, the effect of these salts is to retard 
the action of the catalyst. 

855 . 14. The solvent used is an important factor influencing the rate of reduction and 
no generalization can be made beyond the one that alcohol, either 95 per cent or absolute, 
has proved to be the best solvent for most of the compounds thus far studied. 

856 . 15. Palladous oxide PdO, may be prepared by the fusion of palladous chloride with 
sodium nitrate, and is an effective catalyst in hydrogenation, the most active form being 
produced when the fusion temperature is 600° C. 

857 . A description of the apparatus will be found in the original article by Voorhees and 
Adams, in Organic Syntheses VIII , and in an article by Gough and King (see Fig. 14, page 86) 
in Chemistry and Industry , 47 , 410, 1928 and in paras. 733-741 of this book. 80 

858. Examples of the Use of the Adams Catalyst In the first of these exam- 
ples the catalyst is reduced in the reaction mixture: in the second, reduction 
takes place in the solvent only. 

869. p-Nitroethylbenzoate to p-aminoethylbenzoate. 

7>-N0iC»HiC0iCjHi + 3Hj = p-NH,C*H 4 CO*C,H. + 2H,0 

A solution of 19.5 g. (0.1 mole) of p-nitroethylbenzoate in 150 cc. of 95 per cent alcohol 
is placed in the reduction bottle and 0.2 g. of platinum oxide catalyst is added. The mixture 
is shaken with hydrogen until the theoretical amount has been absorbed. The time required 
is about seven minutes. Tho platinum is filtered off and the alcohol removed from the fil- 

80 Other articles in this field are (a) Voorhees and Adams, J. Am. Chem. Soc. t 1922, 44 , 
1397; (6) Carothers and Adams, Ibid., 1923, 45 , 1071; (c) Adams and Shriner, Ibid., 1923, 45 , 
2171; id) Kaufmann and Adams, Ibid., 1923, 45 , 1029; (e) Carothers and Adams, Ibid., 1024, 

46 , 1675; (/) Shriner and Adams, Ibid., 1924, 46 , 1684; ( 0 ) Carothers and Adams, 1925, Ibid., 

47 , 1047; (h) Pierce and Adams, Ibid., 1925, 47 , 1098; (0 Kern, Shriner and Adams, Ibid., 
1925, 47 , 1147; (j) Heckel and Adams. Ibid., 1925, 47 , 1712; (*) Tuley and Adams, Ibid., 1925, 
47 , 3061; (Z) Adams and Garvey, Ibid., 1926, 48 , 477. 
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trate by distillation. The p-aminoethylbenxoate is recrystallised from ether and melts at 
89-90° C. The yield is 15.7-16 5 g. (95-100 per cent of the theoretical amount). 

860. Diphenylamine to Dicydohexylaxnine. 

(CtH*)sNH-HCl + 6Hj — (C §Hi 0 *NH • HC1 

In the reduction bottle are placed 0.25 g. of platinum oxide catalyst and 50 cc. of abso- 
lute alcohol. This mixture is shaken with hydrogen under 3 atmospheres pressure for about 
two minutes in order to reduce the catalyst. A solution of 20.5 g. (0.1 mole) of diphenyl- 
amine hydrochloride in 150 cc. of absolute alcohol is then added. The mixture is warmed 
to 50° C., the apparatus evacuated, hydrogen admitted and the reduction begun. When the 
pressure falls to 1.8 atmospheres, it should be restored to 3 atmospheres. When the reduc- 
tion is complete (about two hours) the catalyst is filtered off, the alcohol distilled, and the 
amine hydrochloride treated with 50 cc. of warm water (50-60° C.). An excess of 50 per cent 
potassium hydroxide is added, the solution thoroughly shaken, cooled and extracted several 
times with ether. The ether solution is dried with stick potassium hydroxide and metallic 
sodium, the ether evaporated and the amino distilled under diminished pressure. The yield 
of dicyclohexyl amine boiling at 13(^-138° C. at 26 mm. is 14.8-16.2 g. (82-89 per cent of the 
theoretical amount). 

861. Hydrogen Cyanide: Platinum Catalyst for Reduction. 11 Barratt and 
Titley, for the reduction of hydrogen cyanide used a catalyst prepared by soak- 
ing blue asbestos fibre in platinum chloride solution. The resulting mass was 
then dried and reduced in a current of hydrogen at 150°. Catalysts containing 
from 0.1 to 40 per cent of platinum on the asbestos were tested. Only those 
preparations containing more than 10 per cent of platinum were of practical 
value. Those containing less platinum were not sufficiently vigorous. Such 
variations in the composition of the catalyst affected only the efficiency of the 
reduction, and not the nature of the products. 

862. According to Feulgen ” the following method .yields a material which 
does not tend to pass into colloidal solution during the process of washing and 
before removal of the chloride is complete. 

863. A solution of chloroplatinic acid (5 g.) in water (5 cc.) is mixed with formaldehyde 
solution (40 per cent, 7 cc.), and sodium hydroxide (5 g.) dissolved in water (10 cc.) is grad- 
ually added. The mixture is allowed to remain for half an hour at the ordinary temperature, 
then heated for fifteen minutes at 55° and poured into a half-liter flask half-full of water. 
The flask is agitated violently for a few minutes, which causes the precipitate to settle in 
coarse particles, leaving an almost colorless supernatant liquor. The latter is decanted and 
the precipitate is washed with water strongly acidified with acetic acid, which again causes 
the formation of coarse particles that can now be washed as requisite without showing any 
tendency to pass into the colloidal state. The metal is finally filtered and dried in a vacuum 
over sulphuric acid. Great caution must be observed in the subsequent admission of air 
into the desiccator as the metal readily becomes incandescent owing to absorption of oxygen. 
Previous to use, it is advisable to grind and wash it once more. A very active catalyst is thus 
obtained. 

864. Velocity of Reaction in Hydrogenation by Platinum-Black.** The nature of the 
solvent and the rapidity with which the products of reaction are removed from contact with 
the catalyst have an important influence on the velocity of the reaction. 

21 J. Chem. Soc.. 1919, 115, 903. 

22 Ber .. 1921, 54B, 360; J. Chem. Soc., 1921, 119 and 190, ii. 266. 

22 Vavon, Compt. rend., 1921, 173, 360; J.S.C.I., 1921. 40, 674A. 



NOBLE METAL CATALYSTS: N0N-C0LL01DAL 97 


PALLADIUM CATALYSTS 

865. In 1906, Fokin 14 stated that he regarded palladium as the most power- 
ful of all catalysts, having found that reduction takes place readily at 80° to 90° 
C., while with nickel, a temperature of 180° to 200° C. was necessary for practi- 
cal hydrogenation. Fokin’s experiments at that time were concerned with elec- 
trolytic reduction. By this means he reduced linseed, wood, castor and cod 
liver oil. He found that while palladium-black would reduce oleic acid com- 
pletely to stearic acid, platinum-black under the same conditions gave only 24 
per cent of stearic acid. 

866. Wieland (fler. 1912, 48, 2615) considers palladium-black less sensitive to “poisons" 
than platinum-black, for in presence of the former a sample of benzene containing thiophene 
absorbed hydrogen at a noticeable rate although not so rapidly as pure benzene. 

867. Paal’s Method of the Preparation and Use of Palladium and Platinum 
Catalysts. Paal ** has ascertained that the reduction of the fats and fatty acids 
may be effected by hydrogen in presence of solid salts of the platinum metals. 
Both the simple salts, such as palladium protochloride (PdCU), platinum pro- 
tochloride (PtClj), platinum chloride (PtCl«), platinum hydrochloride (H*PtCl«), 
platinum sulphate and the double salts, for instance potassium chloroplatinate 
(KiPtCl*), copper platinochloride, may be used. When the double salts are 
used, care must be taken that no anticatalytic substances, such for instance as 
lead, find their way into the reduction mixture. Use may be made of salts 
whose acid radicals or other constituents are themselves reduced by hydrogen, 
for example acid platinous oxalate. In all cases the method is simple; and it is 
distinguished from those in which the finely divided metals are used by the 
omission of the preparation of the finely divided platinum metals or their 
protohydroxides and of the deposition on special carriers. 

868. The salts in a crushed condition, preferably in the state of powder, are mixed with 
the fate or fatty acids to be hydrogenated; and hydrogen is allowed to act on this mixture, 
with stirring, at temperatures below 100° preferably under a pressure of several atmospheres. 
In a short time the solid reduction product of the fat or fatty acid will be obtained. All that is 
necessary to insure the action of the solid salts of the platinum metals is that they must be 
present in the solid form during the progress of the reaction. The salts may also be added to 
the fats in a dissolved condition (for example in aqueous solution), the solvent being evapor- 
ated before or at the beginning of the reduction process. A suspension of the solid salts may also 
be used. For example, the salts of the platinum metals may be triturated with a portion of 
the fat or oil that is to be reduced, the mixture being then added to the main portion of the 
fats or fatty acids to be reduced. Or a suspension of the salts in mineral oil may be pre- 
pared, and this mixture may be added to the substances that are to be reduced, in which case 
the suspensory medium may be eliminated during the process of reduction. A single salt of 
a platinum metal may be used, or several salts, and even several platinum metals may be 
mixed together; and the salts may also be used in conjunction with the platinum metals 
which have been deposited on carriers, devoid of anticatalytic action, such as copper, or mag- 
nesium carbonate. It is probable that, during the process, the salts of the platinum metals 
are split up into metal and free acid, for example: 

PdCl* + H, = Pd + 2 HC1. 


u Chem. Ztg. [21, 1906, 758; [11, 1907, 324. 
u U. S. Pat. 1,023,753, 1912. 



98 


HYDROGENATION 


869 . In any cane, however, the solid platinum metal salts greatly facilitate the absorp- 
tion of hydrogen by fats and fatty acids. Very small quantities of the platinum-metal salts 
are sufficient to reduce large quantities of fat or fatty acids in presence of hydrogen. When 
the reduction process is completed, the platinum metals or their compounds can be easily 
separated from the reduced fat or fatty acid by filtration, and used again. 

870 . To prevent the formation of free acid, as, for example, hydrochloric acid from the 
chlorides of the platinum metals, in the reducing process, there is added to the powdered 
platinum salt a neutralizing agent, such as anhydrous soda, in sufficient quantity to combine 
with the liberated acid. The employment of salts of the platinum metals assists the reduction 
process considerably more than is done by palladium-black or platinum-black containing an 
amount of platinum metal equal to that in the platinum metal salts used in the present 
method. Thus, for example. 1.7 parts of PdClj ( = 1 part of Pd) in presence of hydrogen 
will convert 10,000 parts of fat or fatty acid into solid masses within three or four hours. If, 
however, the PdCli be replaced by a quantity of palladium-black containing the same amount 
of palladium, then, with a ratio of 1 part of palladium to 10,000 parts of fat or fatty acid, these 
substances, according to Paal, will remain liquid, even when the palladium and hydrogen are 
allowed to act for twice or three times as long as with PdClj. 

871 . Paal notes that the time required for the reduction depends on the amount of the 
platinum metal salt used, and on the pressure under which the hydrogen is allowed to act. 
By using a palladium salt as the hydrogen carrier, about 50,000 parts of fat or unsaturated 
fatty acid can be hydrogenated within from six to eight hours with a quantity of salt, 
for example, PdClj, corresponding with 1 part of palladium. 

872 . Paal gives the following example: One million parts by weight of castor oil or oleic 
acid are treated with 34 parts by weight of dry palladium protochloride ( = 20 parts of palla- 
dium) in the form of powder, with or without the equivalent amount of anhydrous soda; or with 
140 parts by weight of dry platinum protochloride (= 100 parts of platinum) in the form of 
powder; or 172 parts of platinum chloride; or 230 parts of platinum hydrochloride, with 
or without addition of an equivalent amount of anhydrous soda. The mixture is placed in a 
pressure vessel, from which the air is exhausted as completely as possible, and hydrogen is 
then admitted into the vessel under a pressure of 2 to 3 atmospheres. The reduction mixture 
is kept in motion by a stirring apparatus. The vessel is heated to about 80° C. although the 
reduction may also be carried out at a lower temperature. The progress of the reduction 
and the consumption of hydrogen is revealed by the fall in pressure as indicated by the pres- 
sure gauge. When the gauge registers a low pressure, a fresh quantity of hydrogen is 
admitted. The completion of the reduction process can be recognized by the gas pressure 
remaining constant for some considerable time. When the reduction is ended, the reduction 
product is freed from the caalyzer in a filter press which is adapted to be heated. 

873. Skita’s Methods. Skita has described various modifications of a proc- 
ess which appears to differ from Paal’s method in three points: (1) Paal uses 
sodium carbonate to neutralize the hydrochloric acid set free from the metallic 
salt, while Skita adds hydrochloric acid in some instances and omits it in others, 
using alkali in none. (2) Skita uses always solutions of the platinum or palla- 
dium salt. Paal usually employs the salt in the solid form: when he uses a 
solution, the solvent is “. . . evaporated before or at the beginning of the reduc- 
tion process.” (3) Paal seems to contemplate the application of his invention 
only to unsaturated fatty acids and fatty oils: Skita mentions, also, the hydro- 
genation of other organic substances, e.g., camphene. Skita ,e states that an 
unsaturated substance can be hydrogenated when there is added to it, or its 
solution or suspension, a small amount of palladium chloride or any other solu- 
ble salt of a platinum metal and the w'hole exposed to hydrogen, most advan- 
tageously under pressure. The addition of an acid is usually advantageous in 
this operation and hydrochloric acid is recommended; but with fatty bodies it 
suffices merely to add a simple aqueous solution of a compound of a metal of the 

M U. S. Pat. 1,063, 746,1913, assigned to Boehringer & Son. 
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platinum group. As an example, he states, that 50 g. of olive oil may be sus- 
pended in a solution containing about 0.05 g. of platinum chloride, 20 cc. of 
alcohol, 50 cc. of water and 8 cc. of dilute hydrochloric acid. After treatment 
with hydrogen at a pressure of about 4 atmospheres and at a temperature of 
70° C. a solid fat results. In another example about 250 g. of castor oil is well 
mixed with a solution of about 0.05 g. of palladium-chloride in 5 cc. of water. 
The whole may then be treated at about 70° C. in an autoclave with constant 
stirring, with hydrogen under a pressure of 4 atmospheres. After two and one- 
half hours the oil will be found so far hydrogenated that it will solidify to a hard 
mass on cooling.* 7 

874. A method of preparing palladium catalysts is described by Sulzberger 
which differs scarcely at all, in principle, from the processes of Paal and Skita. 

876. Sulzberger * 8 considers that the most efficient way of intimately distrib- 
uting a catalyzer is by dissolving the initial catalytic material in the body, which 
is to be treated, and then, should not the form, in which the material was dis- 
solved in the body, be per se catalytically active, transforming it by chemical 
reaction or otherwise into a product of catalytical efficiency. 

876. As an example, he cites the hardening of cottonseed oil with a catalytic agent belong- 
ing to the platinum group: palladium. Sulzberger notes that a palladium product of the 
desired quality can be obtained by treating a palladium salt, as for instance, “palladium- 
ammonium chloride” with sodium oleale, which resulting compound is soluble in cottonseed 
oil and can be used as a catalyzer of highest efficiency, as, being so finely divided in the oil, 
even very small quantities will give good results. The solution of this product in the oil 
darkens when heated, in consequence of its palladium content and such solution hardens to 
a product of jelly-like consistency at certain temperatures and when containing certain 
amounts of the palladium body. Cottonseed oil, when containing this body is readily hard- 
ened when troated with hydrogen. 

877. In cases where the product, which is to act as a catalyzer, cannot be made use of in 
a form soluble in the body which is to bo treated catalytically, the very fine distribution of 
the catalytic agent may bo accomplished by dissolving it in a solvent, which mixes with the 
body to be treated, with or without precipitation. For example, the above palladium com- 
pound being soluble in ether, could be added to the cottonseed oil in such solvent. 

878. Palladous Oxide-Palladium Catalyst.* 9 Palladous oxide, prepared by a similar 
method to that used for platinum oxide, is an effective catalyst for hydrogenation. The 
activity was tested by its action on maleic acid. The best temperature for the fusion of pal- 
ladous chloride with sodium nitrate was thus found to be 600°. The reduction of aldehydes 
is much more readily completed with palladium than with platinum and the presence of iron 

* 7 The hydrogenation of unsaturated substances is effected, according to Skita, by treat- 
ment with hydrogen in the presence of small quantities of compounds of metals of the plati- 
num group in solution. The substances to be hydrogenated may be dissolved or suspended 
in a liquid (French Pat. 447,420, Aug. 20, 1912; also Brit. Pat. 28,754, Aug., 1912, and addi- 
tion to the latter Patent 18,996, 1912). A solution of palladium chloride acidulated with 
dilute hydrochloric acid was used by Skita as a catalytic solution for the treatment of cam- 
phene. Hydrogen was used under a pressure of 1 atmosphere. The hydrogenation of olive 
and castor oil in this manner is described. In the addition patent Skita states that the employ- 
ment of dilute acid is not always necessary since in many cases the reaction can be carried out 
simply by passing hydrogen through a mixture of the substances to be reduced and a solution 
of the salt. J.S.C.I., March 15, 1913, 253. 

Skita ( Chem . Zeil. Rep. (1913), 680; Brit. Pats. 18,996, 1912, and 16,283. 1913), carries on 
reduction processes without the addition of any acid to a solution of a salt of the platinum 
group and also makes use of colloidal solutions of an hydroxide of the platinum group as a. 
catalyst. 

» U. S. Pat. 1,171,902, Feb. 15. 1916. 

* Shriner and Adams, J. Am. Chem. Soc., 1924, 46, 1683. Cf. paras. 831 et aeq. 
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i b not essential. Ferrous chloride accelerates the reduction of aromatic aldehydes which 
contain a free hydroxyl group, but not the reduction of the ethers derived from them; in some 
cases it increases the time required for reduction. The reduction with palladium differs from 
that with platinum in continuing until the aldehyde group has been converted into a methyl 
group. This further stage of reduction proceeds more slowly and in the case of benxyl alcohol 
is inhibited by the presence of ferrous chloride. The time of reduction is approximately pro- 
portional to the amount of the catalyst. Activation of the catalyst with oxygen accelerates 
the reduction of benxaldehyde, but retards the reduction of maleic acid, a similar poisoning 
effect being observed with platinum. The nature of the compounds to be reduced has thus 
an important effect, and oxygen is regarded as a promoter similar to ferrous chloride, each 
promoter exercising its own specific action, depending both on the catalyst and the type of 
compound undergoing reduction. The oxide obtained by fusing iridium chloride with sodium 
nitrate is not a catalyst in the reduction of aldehydes. 40 

879. Sorption of Hydrogen by Palladium on Various Carriers. The absorption of 
hydrogen by palladium deposited on blood, beech, sponge, and bone charcoals, barium sul- 
phate, and kieselguhr has been examined by Sabalitschka. All the carriers, freshly cleansed, 
were loaded with palladium to 2.5 per cent of their weight. No distinction is drawn between 
hydrogen simply absorbed and hydrogen taken up as palladium hydride. The carriers alone 
show a definite saturation capacity on repeated treatment, thus: blood charcoal, 1.35 cc. per g.; 
beech, 0.94; sponge, 0.84; bone, 0.72; barium sulphate, 0.00; kieselguhr, 0.26, but when the 
palladium is present the absorptive capacity is not constant, but rises to a maximum and then 
(after the third or fourth treatment, with interposed exhaustion at 300°) shows a decline. 
For the various systems, the figures (at this maximum) are 7.49, 2.20, 10.46, 5,27, 8.18, and 
1.91, respectively. These correspond with the following when referred to the palladium 
present: on blood charcoal, 2924 cc. per g.: palladium, beech, 867; sponge, 4581; bone, 2167; 
barium sulphate, 3895; kieselguhr, 910. These results agree with such earlier ones as can be 
compared. The rise of the absorptive activity to a maximum and the subsequent decline are 
due to the gradual conversion of the palladium from the amorphous into the crystalline form. 41 

880. At the Vereinigte Chem. Werke at Chariot ten berg, according to Colletas, 41 hydro- 
genation of oils was effected at 100° C., under a pressure of 2 to 3 atmospheres by means of 
0.00002 part of palladium chloride in the presence of an alkali. The loss of catalytic agent 
was from 5 to 7 per cent of the weight taken, which corresponds to an expense of 1.60 francs 
per 100 kilos of fat. 


Other Platinum Group Metals 

881. Osmium and Iridium Catalysts. Neither osmium nor iridium is of major 
importance as a hydrogenation catalyst. Sadikov 43 has used both, extended on 
asbestos, in various hydrogenations by Ipatiev’s method. Both suffer from 
their high cost. Osmium is, in addition, a very disagreeable substance with 
which to work: the vapor of its volatile tetroxide, 0s»0«, is irritating and its 
solutions produce black stains. 

40 J. Chem. Soc. t 1920, 196, ii, 668. 

41 Arch. Pharm., 1927, 266, 416; Brit. Chem. Abst., 1927, 821 A. Cf. para. 656. 

4, Lm Matibes Grasses, 1914, 7, 4151; J.S.C.I . , 1914, 972. 

43 See paras. 2708 and 2769, this volume. 
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COLLOIDAL CATALYSTS OF PLATINUM GROUP 

900. It was early recognized that fineness of division of a catalyst was favor- 
able to high activity. It was therefore inevitable that, as soon as colloidal solu- 
tions (sols) of metals of the platinum group became available, they should be 
tried out as hydrogenation catalysts. 

901. Preparation of Hydrosols of the Platinum Group. Platinum was first 
prepared in the form of a colloidal dispersion in water by Bredig. 1 He struck 
an arc between platinum electrodes under pure water. 

902. Colloidal solutions (hydrosols) of metals of this group, as well as of 
gold, silver, copper, lead, iron, zinc, tin, nickel, aluminum, bismuth, antimony 
and cadmium, have been prepared with great ease by an electrical disintegration 
method, using a high-frequency alternating arc, the leads to which were taken 
from two points on the inductance of the oscillatory circuit of a Poulsen arc as 
used in wireless telegraphy. By varying the conditions it was possible to pass 
currents of from 0.14 to 15 amperes and E.M.F. of 480 to 4080 volts, and colloidal 
solutions showing a wide range of colors were thus obtained from a number of 
the metals. ,a 

903. Protective Colloids. Hydrosols, such as are produced by Bredig's and 
by chemical reduction methods are unstable. Furthermore, they are not rever- 
sible, that is, if the sol is evaporated to dryness, the metal will not again go into 
solution on treating it with water. Stable reversible sols (colloidal solutions) 
may be obtained by the addition of suitable colloidal substances, which are 
known as protective colloids. Usually such substances are organic (e.g., Paal’s 
sodium lysalbate, gum arabic), but Schwerin 2 uses colloidal silicic acid. 

904. Paal’s Lysalbinic Acid. To prepare lysalbinic acid Paal dissolves 15 parts of 
sodium hydrate in 500 of water, adds 100 of egg albumin and warms on the water-bath. 
When solution is nearly complete the liquid is acidified with sulphuric acid and the precipi- 
tate filtered ofF. The filtrate is neutralized with sodium hydrate, evaporated to a small bulk 
and again acidified and filtered. The filtrate is dialyzed to separate sodium sulphate. The 
remaining sulphate ions are removed by the addition, to the warm contents of the dialyzer, 
of a solution of baryta, followed by filtration. This filtrate is evaporated on the water-bath 
and several volumes of alcohol added. White flakes are precipitated. The dried product 
is a white powder, soluble in water and nearly insoluble in alcohol. To this Paal has given 
the name lysalbinic acid. 1 

1 Zeit. phj/sxk. Chem., 1901, 37, 1-323. 

10 Morris- Airey and Long. Proc. Vniv. Durham Phil. Soc. 1912-1913, 5, 68; J.S.C.I. 1913, 
1015. 

2 U. 8. Pat. 1,119,647, 1914. 

1 Paal and Amberger, Ber. t 1902, 35, 2195. 
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905. Colloidal Platinum with Sodium Lyaalbate. One gram of lysalbinic acid, dis- 
solved in 30 cc. of water, is rendered slightly alkaline with soda, 2 g. of platinum chloride 
dissolved ra a little water! are added and then a slight excess of hydrazine hydrate. The solu- 
tion darkens and a gas is evolved : after five hours it is dialyzed to remove electrolytes, evap- 
orated on. the water-bath and the drying finished in a vacuum. Brilliant black scales are 
obtained whicly dissolve in water to a black solution. This is colloidal platinum with sodium 
lysalbale as a protective colloid. 

906. Such a colloidal solution is stable. The method of preparation illustrates its rever- 
sibility. A similar product made with sodium protalbate and containing about 60 per cent 
of colloidal palladium has been an article of commerce. 4 * 

907. Gum Arabic as Protective Colloid. Colloidal solutions prepared with 
lysalbatc, or the similar protalbate, suffer from the disadvantage that they are 
coagulated by acids. This is a serious handicap in the treatment of organic 
compounds, many of which undergo hydrogenation best in acetic acid solution. 
Hydrosols having gum arabic as the protective colloid are free from this draw- 
back. Their preparation is also easier than that of the lysalbate type. 

908. The simplest way of using gum arabic is to extemporize, so to speak, the hydrosol in the 
presence of the gum and of the substance to bo hydrogenated. To a solution of the substrate, 
a solution is added containing 1 per cent each of platinum (or palladium) chloride and of gum 
arabic: hydrogen is then passed at atmospheric or at slightly higher pressure. If the sub- 
htrato (substance to be hydrogenated) is an aldehyde or a ketone the metal will be reduced in 
a colloidal form. In the case of other substrates a trace of previously prepared colloidal metal 
must be added (Skita’s inoculation or "germ" method), otherwise the metal will separate in 
a granular inactive form. 6 

909. In the absence of a substrate, this germ method affords a convenient 
way of making a stable stock hydrosol. 

910. Kelber and Schwarz’s Protective Colloid. Another protective colloid 
which can be used for the hydrogenation of compounds in glacial acetic acid 
solution is described by Kelber and Schwarz . 6 This is the product obtained by 
acting on gluten with glacial acetic acid. 

911. To 16 g. of the gluten-acetic acid solution, containing about 50 per cent gluten, 
add 4 g. palladium chloride dissolved in a little water. To this solution add a small 
amount of ammonia, then hydrazine hydrate, drop by drop. Froth is formed and a gas given 
off. When reduction is complete dialyze till the outside water gives no chloride reaction. 
Evaporate the colloidal solution cautiously, finishing the drying in a vacuum. The product 
ia easily soluble in water and in acetic acid; the solution is not coagulated by dilute mineral 
acids. 

912. “Galactose” Protective Colloid. "Galactose," resulting from protracted boiling 
of aqueous glue solutions, is advanced by Classen as a protective colloid for finely divided 
metals, a salt of the metal being reduced in the presence of this agent. 7 

913. Silicic Acid as Protective Colloid. Schwerin 8 uses silicic acid in making 
stable colloidal solutions of metals. 

914. A solution of silicic acid containing about 2.5 per cent of the acid is mixed with a 
diluted solution of a gold or silver salt and the metal is reduced by a reducing agent suitable 
for separating it in the colloidal form. If, for instance, hydrazin hydrate is the reducing agent 
a completely clear brown silver sol, or deep blue gold sol, is obtained. 

4 Prepared by Kalle & Co., Biebrich am/R. See Paal and Hartman, Ber .. 1910, 48, 
248-249. 

4 Skita and Meyer. Ber .. 1912. 45, 2579, 3589; D.R.P. 230,724. 

• Bcr. t 1912, 45, 1946. 

7 ZeiUch. angew. Chem., Refcrat , 1915, 58; Ger. Pat. 281,305, 1913. 

•U. S. Pat. 1,119,647, 1914. 
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915. Colloidal palladium with titanium dioxide as protective colloid may be prepared 
as follows: a solution of titanium trichloride is nearly neutralized with sodium acetate, then 
boiled and, after cooling, added to a 1 per cent solution of palladium dichloride (PdCli2HaO). 
The production is relatively insensitive to acids. 9 

916. Stable colloidal platinum is prepared by Kiyoshi Shigena by reduction 
of PtCl 4 in the presence of sodium citrate. An excess of the latter decreases the 
stability . 10 

917. CoUoidal Rhodium. Colloidal rhodium suitable for use in experiments on catalysis 
was made as follows: To a slightly alkaline solution of sodium chlororhodite, a solution of 
sodium protalbinate was added, and the rhodium reduced by means of formaldehyde at a 
temperature of 40° C. The solution was purified by prolonged dialysis. Such solutions are 
clear and have remained unaltered for over two years. They may be evaporated in vacuo, 
giving very stable glistening, black plates containing 33 per cent rhodium. On twenty-four 
hours' contact with hydrogen, these solutions absorb a volume of gas 2509 to 2728 times the 
volume of rhodium contained. At 12°-14° they absorb 340 volumes of carbon dioxide per unit 
volume of rhodium, and at 60°, 1820 volumes, a fact which indicates that the carbon dioxide 
absorbed is probably in chemical combination with the rhodium. 11 

918. Catalysis with Colloidal Palladium at Room Temperature. 11 Bourguel's cata- 
lyst for hydrogenation in the cold was made by reducing sodium chloropalladite with hydra- 
zine hvdrate in the presence of starch as a protective colloid. The catalytic hydrogenation 
of acetylenic hydrocarbons was studied. The reaction was found to be selective, yielding 
reductions only to ethylenic hydrocarbons. In an additional communication (Bull. Soc. Chim., 
1927, 43, 231) Bourguel mentions that rice starch and other small grain starches are not so 
successful as protective colloids as are the wheat and potato starches. 

919. Hydroxide Catalysts of the Platinum Group. These are prepared by 
boiling a solution of the metallic salt (palladium chloride or potassium chlorplat- 
inate) with the theoretical amount of sodium carbonate in decinormal solution 
and a little gum arabic. The product is dialyzed to eliminate chloride and car- 
bonate and evaporated cautiously, finishing in a vacuum. The resulting solid 
is insoluble in water but dissolves on addition of a trace of alkali. Such a solu- 
tion, carefully neutralized, dialyzed and evaporated yields black scales readily 
soluble in water. 

920. These hydroxide colloidal solutions are efficient hydrogenation cata- 
lysts, and can be used in acid media . 11 

991. Commenting on British Patent No. 18,642 to the Vereinigte Chemische Werke, 
Fokin states that in 1906 he published a communication on the reduction power of platinum 
hydroxide and, in fact, had made application for patent in Russia in April, 1909. In 1910 
he published a further communication in which the theory of the process and the function 
of the three factors, namely: the hydrogen atom, the hydroxyl group, and the double bond 
were discussed. Fokin observed that complex compounds of platinum were formed which 
are organosols. These possess a surface of "unlimited” area, which accelerate the reaction 
in the highest degree. Later, in a publication on the preparation of isomers of oleic acid, the 
procedure was more fully detailed by Fokin and methods of determining the hydrogen num- 
ber were described, in which platinum oxide was used as the catalytic agent. 14 

9 Gutbier and Weithaae, Z. anory. Chem ., 1928, 169, 264; Bril. Chcm. Abai., 1998, 359A. 

10 Repts. Imp. Ind. Research Inst. Osaka, 1927, 8, No. 2, 1; Chem. Abel., 1927, 91, 2829. 

11 Zenghelis and Papaconstantinos. Compl. rend., 1920, 170, 1058; Chem. Abat., 1990, 
3348. 

11 Bull. aoc. chim., 1927, 41, 1443; Chem. Abat., 1928, 99, 2099. 

n Skita and Meyer, loc. cit. 

14 Zeit. anolyt. chemie, 48, 337 and /. Russ. chem. Geaell., 1908, 700. 
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922. Lehmann carries out the hydrogenation of oils or unsaturated fatty acids 
by passing hydrogen through oil containing a small amount of osmium tetroxide, 
while the oil is being heated. Osmium dioxide forms from the tetroxide, produc- 
ing a colloidal solution which can be removed by animal charcoal. In one experi- 
ment 10 g. olive oil with 0.05 g. osmium tetroxide produced in one and one-half 
hours a fat of melting-point 39° C. It is not necessary to use hydrogen under 
pressure. 1 * 

923. Normann and Schick hold that, contrary to the views of Lehmann, 
osmium metal and not the dioxide, is responsible for the catalytic action noted 
in fat hardening. 1 * 

924 . Colloidal hydroxides of osmium and ruthenium and the colloidal metals themselves 
may be prepared according to Kalle und Co. A.-G. 17 by means of a protective colloid. The 
tetroxide of osmium or of ruthenium is mixed with the protective colloid, such as sodium 
protalbinate or lysalbinate, and with alcohol, and the mixture evaporated carefully to dry- 
ness. The solid colloidal hydroxide thus obtained may be reduced to the colloidal metal by 
means of hydrogen at a low temperature. The advantage of this modification is found in 
avoiding the admixture of salts and alkalies and in the fact that dialysis is not necessary. 
The preparation in detail is as follows: One part sodium protalbinate is dissolved in 200 to 
300 ports water and then 1.34 parts osmium tetroxide in about 60 volumes cold alcohol is 
added. The mixture is then either evaporated to dryness in vacuo , or else gently heated on 
the wator-bath to remove most of the solvent and finally dried in vacuo. The osmium tetrox- 
ide is reduced by the alcohol to the tetrahydroxide Os(OH>4. If evaporation is effected in 
plcno, ammonia must be added from time to time in order to prevent reoxidation of the 
hydroxide to the volatile oxide. If the process is applied to ruthenium tetroxide, the alcohol 
must be added to the solution of the protalbinate or lysalbinate of sodium, and the tetroxide, 
dissolved in water is allowed to flow gradually into the solution with stirring. Ruthenium 
chloride, RujCU, or the potassium salt of the acid may be used as the initial material, which 
is first converted by treatment in a current of chlorine, in the presence of water with heating, 
into the tetroxide. If the osmium or ruthenium hydroxides are to be converted into the 
corresponding colloidal metals, the solid products are carefully powdered and treated in a tube 
freed from air by carbon dioxide with hydrogen at 30° to 40°, obtaining thereby colloidal 
Os or Ru. If the colloidal tetrahydroxides are to be obtained in dilute aqueous solution, a 
smaller amount of stabilizer will be sufficient. 18 

926. Organosols of the Platinum Group. Paul and Amberger 11 prepare prod- 
ucts of a greasy consistency containing inorganic metal colloids of the platinum 
group, consisting in incorporating solutions of the divalent salts of the metals 
of the platinum group with bodies maintaining colloids in the colloidal state 
(protecting colloids) especially with wool fat or the alcohols obtainable there- 
from by saponification, and adding a carbonate of an alkali to form the colloidal 
lower hydroxides of the metals employed. They note that preparations contain- 
ing combinations of the divalent salts of the metals of the platinum group in a 
colloidal condition can be obtained, if, instead of the alkali carbonates used 
above, the alkali salts of certain weak organic acids are selected, for instance, 
the salts of the higher, saturated, or unsaturated, fatty acids (soaps). In this 
way there are produced in the presence of solutions of the metal salts, for 

11 Arch. Pharm., 1913, 152; Seifen. Ztg., 1913, 418. 

11 Sdfen . ZlQ ., 1914, 111; Arch. Pharm., 1914. 

17 Ger. Pat. 280,365, July 30. 1913. Addition to Ger. Pat. 248,525; J.S.C.l . , 1915. 
492 and 1912, 952. 

18 Chem. Abst., 1915, 1378; ZeiUch. anoew. Chcm ., Referat, 1915, 22. 

,f U. S. Pat. 1,077,891, 1913. 
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instance, of divalent palladium, or platinum, triturated with wool fat, products 
which contain the corresponding palladium, or platinum, salts dissolved in col- 
loidal form in the wool fat. 

916 . If, according to Paal and Amberger, wool fat be impregnated with a concentrated 
aqueous solution of palladous chloride (PdCli) and the mass be then triturated with the 
equivalent quantity of potassium oleate in concentrated aqueous solution, the salts mutually 
decompose with formation of potassium chloride and palladous oleate which remains dis- 
solved in oolloidal form in the wool fat. As the palladous chloride is difficultly soluble in pure 
water but readily in hydrochloric acid it is dissolved in the latter and the acid is neutralised 
before triturating the liquid with wool fat by means of an amount of sodium carbonate 
equivalent to the hydrochloric acid used. The neutral PdCla then remains dissolved in the 
liquid. 

917 . In order to obtain a preparation containing about 25 per cent colloidal palladous 
oleate 0.85 part of palladous chloride PdClj =* 0.5 part of palladium is dissolved with the 
application of heat in 0.45 part of fuming hydrochloric acid (38 per cent HCl) and 2 parts of 
water, and the hydrochloric acid is neutralised by the addition of 0.3 part of anhydrous soda 
either solid or dissolved in 0.7 part of water. The solution of PdCl* thus obtained is then 
triturated intimately in small portions with 9.5 parts of wool fat softened at a gentle heat. 
Into the body thus obtained are then stirred, also in small portions, 3.5 parts of potassium 
oleate dissolved in 15 parts of water. The formation of the palladium oleate is detected by 
the fact that the greasy mass colored red-brown by the palladous chloride becomes, on being 
triturated with the potassium oleate, first yellow-brown, then gray-brown and, after being 
allowed to stand some conirderable time, black-brown. To purify the product it may be 
either treated repeatedly with hot water at from 60° to 60° C. # and the mass exposed in 
vacuo at from 40° to 50° C., for the purpose of removing the water; or the original product 
may be dissolved in from 5 to 6 times its volume of petroleum ether of low boiling-point, the 
greater part of the by-products remaining undissolved and the red-brown liquid organosol 
being dried with calcium chloride or dehydrated sodium sulphate. In this case a further part 
of the by-products separates along with the water. The petroleum ether is then distilled off 
from the liquid freed from the drying agent. The colloidal palladium oleate can be enriched 
in the “ointment” body by solution in petroleum ether and precipitation with alcohol. A 
product is thus obtained containing about 70 per cent of colloidal palladium oleate, which 
like the 25 per cent preparation, is absorbed as organosol by all organic substances dissolving 
wool fat. Instead of a palladous salt, a platinous or other salt of the platinum group can 
be used, for instance, the salt of divalent platinum resulting from the reduction of the platino- 
chloride-hydrochloric acid with sulphur dioxide. Wool fat impregnated with platinous salt, 
when acted on by an aqueous solution of potassium oleate, forms a colloidal platinous oleate 
(CiiHjjOi)iPt. A mixture of the wool fat alcohols obtained from wool fat by saponification 
can be used in the same manner as wool fat. The wool fat alcohols are in their properties 
very similar to the wool fat itself and the mixture of alcohols obtained thereform by saponi- 
fication presents a still greater affinity for water than wool fat. The wool fat alcohols have 
a more solid consistency than the wool fat. 

998 . Amberger (KoUoid-Zeit. (1913), 13 , 310) has prepared organosols of palladium, 
platinum, palladous hydroxide, palladium oleate and platinous hydroxide. In the prepara- 
tion of the metallic organosols, hydrazine hydrate was used as a reducing agent. The palla- 
dium organosols (8 I 9 to 16 per cent palladium) had pronounced catalytic activity; small 
quantities dissolved in fatty oils were capable of transferring hydrogen to the unsaturated 
glycerides of the oil, with the formation of hardened oils. The platinum organosols contained 
8.14 to 18.4 per cent platinum. The hydroxide organosols were prepared by the interaction 
of the corresponding chlorides and sodium carbonate and the palladium oleate organosols 
from the chloride and potassium oleate in presence of wool fat. ( J.S.C.1 . 1914, 41.) 

999 . Osmium Organosols. By the method previously applied to platinum and palla- 
dium, Amberger prepared organosols of osmium. The method is interesting and suggestive, 
though osmium is of minor value as a hydrogenation catalyst. 10 

930 . Two parts of osmium tetroxide are dissolved in 7 parts dilute caustic soda and 
alcohol added till sodium osmate is formed. This is gradually stirred into 13 parts of warm 
wool fat, intimately mixed, then hydrazine hydrate is added slowly; the emulsion swells and 
takes on a metallic gray color and on standing twenty-four hours becomes black. Another 


* See para. 881. 
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warming and the addition of more hydraiine hydrate are necessary for complete reduction. 
To remove by-products the mass may be dissolved in petroleum ether, washed, dried and the 
ether distilled off. Thore results a brown-black salve, easily soluble in organic liquids which 
dissolve wool fat, giving transparent, browniBh-black liquids. For analysis this salve is dis- 
solved in petroleum ether, precipitated by more than an equal volume of alcohol and osmium 
determined in the dry precipitate by the method of Knotte. The osmium content is about 
7.9 per cent. This contains oxides of osmium as well as metallic osmium. In order to roduce 
the colloidal oxides the original emulsion, after reduction with hydrazine hydrate, is dissolved 
in petroleum ether and precipitated by alcohol; nearly all the osmium precipitates in com- 
bination with a large proportion of the wool fat. Tho coagulum is washed free from alkali, 
dried, powdered and then reduced with dry hydrogen first in tho cold then at 30° to 50°. 
This gives a stable organosol, easily soluble in liquids which dissolve wool fat. The osmium 
content is 20.9 per cent. If instead of reducing tho sodium osmato wool fat emulsion 
with hydrazine hydrate, sulphuric acid is added, an organosol of osmium dioxide is formed, 
one preparation of which gave 0.53 per cent osmium dioxide. By dissolving in petroleum 
ether and precipitating with alcohol, then washing, the concentration may be raised to an 
osmium dioxide content of 24.5 per cent.* 1 

931 . In his dissertation entitled "Uber katalytische Hydriorungen organischer Ver- 
bindungen mit kolloidem Palladium und Platin,” Karlsruhe, 1912, Meyer draws the following 
conclusions: Methods of reduction depending on the use of a solution of palladous chloride 
and gum arabic in water-alcohol mixture, forming colloidal palladium with hydrogen, do not 
progress satisfactorily unless bodies are present which are capable of forming addition com- 
pounds with palladous chloride. The action of hydrogen on a hot solution of palladium 
chloride and a protective colloid gives rise to a colloidal solution of palladium. From col- 
loidal palladium or platinum solutions using gum arabic or gelatine as a protective colloid, 
the corresponding reversible metal colloid is obtained. With the aid of gum arabic or gela- 
tine as a protective colloid it is possible to obtain permanent colloidal solutions of palladium 
and platinum hydroxide. By careful evaporation and drying of these colloidal solutions solid 
products are obtained which may be brought again into colloidal solution by peptization. 
Stable colloid solutions of palladium may be advantageously obtained by the reduction of 
dialyzed colloid palladous hydroxide solutions. For the production of a colloidal solution 
of platinum it is recommended that reduction of chlorplatinic acid by hydrogen in tho pres- 
ence of a protective colloid be employed, in which case the mixture should first be inoculated 
with small amounts of colloidal platinum or palladium. Colloidal solutions of platinum and 
palladium with gum arabic or gelatine as a protective colloid aro well adapted to the hydro- 
genation of olefine bodies. The hydrogenation of aromatic bodies with colloidal metallic 
platinum is possible only in strong acetic acid solutions. The hydrogenation of aromatic 
bodies is carried out more easily with platinum than with palladium. While gum arabic is 
suitable for use as a protective colloid with platinum or palladium in the hydrogenation of 
certain organic bodies, it is found that gelatine under some conditions acts as a catalyzer poison. 
Vulcanized rubber also affects the activity of the catalyzer. The inoculation method for the 
production of colloidal solutions of platinum affords a convenient laboratory procedure for 
the hydrogenation of aromatic bodies as the formation of the colloidal solution and the proc- 
ess of hygrogenation follow one another quickly. The hydrogenation of aromatic bodies 
using colloidal platinum as a catalyzer progresses three or four times quicker than when 
platinum-black is employed. See also J.S.C.I . , 1913, 46, and Ber ., 1912, 45 , 3379. 

932 . Meyer reports an experiment on the hydrogenation of olive oil with a colloidal pal- 
ladium hydroxide solution containing 0.2 g. palladium and 0.34 g. gum arabic in 100 cc. Two 
volumes of olive oil to 1 volume of the colloidal solution were heated and agitated in an 
autoclave at a temperature of 70° to 80° C. under a hydrogen pressure of 6 atmospheres. 
Hydrogen was added to replace that absorbed. After one-half hour no further absorption of 
hydrogen could be noted, but the agitation was continued for two hours. The fat was then 
separated from the colloidal solution and boiled with water. A solid fatty product was 
obtained. 

933. Hydrogenation involving the use of colloidal palladium differs from 
some other processes of catalytic reduction in that the reaction has not been 
observed to proceed in the absence of water nor if the proportion of water in the 

11 KoUoid-Zcii ., 1915, 17 , 47 - 51 ; Chem. Abst., 1915, 3159. 
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reaction mixture be too small. For instance, in the case of cottonseed oil, a por- 
tion of this material showed no absorption of hydrogen on being shaken with a 
small quantity of powdered colloidal palladium. The same result was obtained 
whether the oil was suspended in 95 per cent alcohol or dissolved in acetone. 
On adding 15 to 20 per cent of water to the acetone solution, however, reduction 
took place at a fairly rapid rate. 22 

934. In order to prevent the aggregation of a colloidal compound such a s palladium 
hydrate and the like, it has been suggested 2i to use a solid fat in which the colloidal particles 
are fixed so that the organosol is rendered stable. The use of a solid fat of low iodine numl>er 
such as is prepared by hydrogenation and preferably one which has been completely satur- 
ated with hydrogen enables such metallic organosol, especially metal catalyzers, to be pre- 
served over an indefinite period. 

936. Retarding Action of Protective Colloids. Groh 24 has measured the 
retarding effect exercised by protective colloids on the decomposition of hydrogen 
peroxide by colloidal platinum. 

936. The following values show the times required by colloidal platinum to effect 50 per 
cent decomposition of the peroxide without and in the presence of protective colloids. With- 
out a protective colloid twenty minutes, 0.1 per cent gelatin two hundred and sixty-five min- 
utes, 0.1 per cent gum arabic eighty-six minutes, 0.1 per cent dextrin sixty-six minutes, 0.01 
per cent gelatin one hundred and fifty minutes, 0.01 per cent gum arabic thirty-nine min- 
utes, 0.01 per cent dextrin twenty-eight minutes, 0.001 per cent gelatin one hundred and 
three minutes, 0.001 per cent gum arabic twenty-one minutes, 0.001 per cent dextrin twenty- 
three minutes, 0.0001 per cent gelatin seventy-one minutes. 26 


Noble Metal Catalysts on Carriers 

937. Influence of Carriers on Noble Metal Catalysts. The influence of 
various carriers on noble metal hydrogenation catalysts has been studied quan- 
tatively by Karl 26 by Paal and Karl 27 (palladium) and by Paal and Windisch 28 
(platinum). The work reported in paragraphs 656 and 879 should be noted. 

93S. Karl has studied with considerable care and in a quantitative way the action of pal- 
ladium supported on various bodies. He found that palladium precipitated on finely divided 
nickel or magnesium proved effective catalytically, while if precipitated on lead, aluminum, 
iron, or sine, little or no hydrogenation was effected, owing to the anticatalytic action of these 
metals. While metallic zinc is anticatalytic, zinc oxide and carbonate have no such effect. 
In these investigations Karl worked principally with fish, cotton and castor oil and oleic acid. 

939. Paal and Karl tested palladium on various carriers as catalytic material for harden- 
ing fats and have found that the oxides, hydroxides and carbonates of lead, cadmium, zinc, 
aluminum and iron have an anti-catalytic action similar to the metals which they contain. 
The corresponding compounds of nickel and cobalt, and also magnesium oxide, were investi- 
gated. These carriers were coated with palladium by mixing with a solution of palladium 
chloride in a weak aqueous solution of hydrochloric acid at room temperature, or slightly 
warmed. Palladious hydroxide was thus precipitated and reduction was obtained by treat- 
ment of the powder, which was first moistened with ether, to the action of hydrogen at room 

22 Albright, J. Amer. Chcm. Soc ., 1914, 2188. 

22 Kalle A Co., Ger. Pat. 284,319, March 1, 1914. See also Ger. Pats. 268,311 and 289,620, 
Chem. Abs., 1916, 2618. 

24 Zeii. physik. Chem., 88, 414. 

25 Chem. Abet ., 1915, 7. 

24 Inauq. Dissert., Erlangen, 1911. 

27 Ber ., 1913, 3069; Chem. Ztg. Rep., 1913, 642. 

*Ber., 1913, 4010. 
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temperature. The catalyzer was mixed with fatty material without permitting contact with 
the air and reduction was carried out in an agitator in an atmosphere of hydrogen. Mag- 
nesium oxide did not retard the catalytic action of palladium. In fact, the reduction process 
appeared to be somewhat increased by the presence of this material 

940 . Paal and Windisch carried on similar experiments with platinum. Metal powders 
of various sorts were purified with alcohol and ether and then platinized by shaking with a 
solution of chlorplatinic acid. Metallic oxides and carbonates were platinized by the action 
of sodium carbonate and hydrazine hydrate on a solution of chlorplatinic acid containing the 
oxide or carbonate in suspension. These products as catalyzers in the hydrogenation of cot- 
tonseed oil were found to have differing degrees of catalytic action, and only nickel and mag- 
nesium had no influence on the activity of the platinum. The platinum was much less active 
in the presence of aluminum, cobalt and bismuth, and was rendered completely inactive by 
iron, copper, zinc, silver, tin and lead. Of the oxides and carbonates examined, only the 
magnesium compounds were without influence. 

941 . Since platinum deposited in the interior of a porous support is less useful than when 
it is on the external surface von Artner * has devised a method to limit the deposition to the 
outside of the support. He impregnates the support with a volatile liquid before treating 
it with the platinum solution. Afterwards the liquid may be removed by evaporation. The 
liquid may contain formaldehyde or other reducing agent. 

942. Excellent catalysts have been prepared by Reyerson by reducing upon 
the disperse surfaces of silica gel microscopic layers of copper, silver, gold, plati- 
num and palladium. This was accomplished by allowing the gel to adsorb 
hydrogen, which was then able to reduce to the metallic state the metal ions 
from solution of the salts of the metals noted. This method of preparation 
insures maximum metal surface for catalytic reactions. 

943 . The cat&lyBta were studied for the simple hydrogenation of ethylene. The palladium 
catalyst was able to accomplish 90 per cent hydrogenation at zero degrees and one passage 
of gas through the catalyst. The platinum catalyst caused about 60 per cent conversion 
under the same conditions, while copper was only 5 per cent effective. A nickel catalyst pre- 
pared under modified conditions was also found to be very effective in the reduction of ethy- 
lene. It was also used in the reduction of phenol and aniline and found to be very efficient. 
The platinum catalyst showed remarkable activity in the oxidation of hydrogen at low tem- 
peratures and also in the oxidation of ethylene. Formaldehyde was produoed under certain 
conditions. An attempt was also made to reduce water gas. In two instances teste for for- 
maldehyde were obtained when palladium was used as a catalyst.* 0 

944. Platinum Group Metals on Carbon. Colloidal metals 11 of the platinum 
group are deposited in a “ nascent ” state on carbon; gum, dextrin, gelatin, etc., 
being used as protective colloids. The by-products are filtered off, the colloid 
is dried and then heated for a short time. The catalyst so prepared is said to be 
remarkable for its durability. 

946. A platinum-carbon catalyst is the subject of a patent to Ellis.” The 
platinum and carbon (charcoal) are in admixture. Great care to exclude oxygen 
is enjoined. 

946. By the addition of animal charcoal Mannich and Thiele find the absorp- 
tion capacity of palladium for hydrogen is greatly increased, and the mixture 
absorbs much more gas than the total quantity absorbed by the separate constit- 
uents. A catalyst which rapidly effects the complete hydrogenation of fats is 
prepared by shaking powdered, ignited animal charcoal with palladium chloride 

» Swizs Pat. 127,224, Feb. 14, 1927; Chem. Abet., 1929, 33 , 1227. See para. 661. 

*° Chem. Met. Etxq., 33 , 637 (1925). See paraa. 676 to 679. 

11 E. Merck Chem. Fab., Ger. Pat. 342,094, June 21, 1919; J.S.CJ ., 1922, 41 , 89A. 

" U. S. Pat. 1,174,245, Mar. 7. 1916. 
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(preferably 2 per cent) solution and hydrogen until no more gas is absorbed. 
The powder is then washed and dried and can be kept unaltered. It can be used 
in conjunction with any solvent and, after hydrogenation, is completely separated 
by simple filtration, without leaving any trace of metal in the fat. In these 
respects it is superior to colloidal palladium preparations. Even by the use of 1 
part of palladium (distributed over animal charcoal) to 150,000 parts of peanut 
oil the hardening can be effected in one operation.** 

947 *. On account of the high price of osmium and ruthenium or their compounds they 
are used by the Badische Co.* 4 for catalytic purposes on special carriers, in order to secure 
the greatest possible surface action. This is effected by solutions of their compounds such as 
alkali osmate and alkali ruthenate. The resulting contact masses can be employed either 
directly or after previous special treatment, such as heating, action of alkalies, acids, or reduc- 
ing agents, etc. Asbestos, oxide of magnesium or aluminum, pumice stone, meerschaum, 
clay, cement, kieselguhr, metals, coal, etc., find application as carriers. For example, granulated 
meerschaum is saturated with a solution of potassium osmate in dilute caustic potash, and the 
water evaporated in vacua , so that 2 to 5 per cent of osmate remains upon the carrier. 

948 . By the method of Schwarcman u a precipitated sesquioxide i s treated 
with a soluble salt of a platinum group metal, such as palladium, until a certain 
amount of active compound is deposited; the treated sesquioxide is then dried 
at a comparatively low temperature, best after thorough washing; the hydrated 
sesquioxide being advantageously formed under conditions permitting adsorp- 
tion or absorption of colloid organic matter, such as keratin dissolved in caustic 
alkali. 

949 . The sesquioxide may be ferric hydrate, chromium hydrate or aluminum hydrate, 
the latter giving best results. Other hydrated non-basic or slightly acid oxides, such as 
hydrated tin oxide, titanic acid, tungstic acid, etc., may be used but have no particular advan- 
tage over the sesquioxides. Hydrated oxides of the type of cobalt oxide, nickel oxide and fine 
oxide, for general hydrogenation work are stated to be far inferior to the sesquioxides. Pal- 
ladium is the best metal of the platinum group to use for the purpose of hydrogenating, 
although platinum compounds may be used for this purpose, and for oxidizing are even 
better. Osmium, ruthenium, and rhodium also may be used. 

960 . The hydrated sesquioxides although not active as hydrogenating agents per $e, 
according to Schwarcman appear to heighten the activity of palladium in some degree as 
•'co-catalysts." This is said to be particularly true with palladium hydroxide distributed 
through hydrated alumina. Anhydrous alumina, as a carrier, he states affects the activity of 
palladium but little if at all. The hydrated oxides are all readily soluble in dilute acids which 
Is convenient in regenerating the catalyst. 

961 . According to a formula by Schwarcman, 342 parts of aluminum sulphate, Al|(SO0s» 
are dissolved in 3400 parts of water and the temperature is adjusted to about 170° F. A 
solution of 240 parts of commercial caustic soda or the equivalent amount of carbonate, in 
1000 parts of water at about the same temperature, is then added. The addition of soda 
results in the precipitation of hydrated alumina. This precipitate is washed until all the 
soluble salts have been removed. The hydrate so obtained is next treated to incorporate 
palladium. For this purpose 0.312 part of palladium chloride is dissolved in 100 parts of 
water and the hydrated alumina treated with this solution. The mixture then is brought to 
a boil, filtered and the solid material washed. This treatment leaves the alumina charged 
with merely the quantity of palladium it will absorb. The material after washing is dried 
at a moderate temperature. A high temperature is apt to cause dehydration of the palladium 
oxide, and of the alumina as well, to an undesirable extent. A drying temperature of about 
170° is beet. Using the amounts of materials indicated, there will be obtained about 156 
parts of a fine-grained brown powder containing approximately 0.2 per cent palladium. 
Generally most of this palladium exists in the catalyst in the form of a hydrate. 

« Ber. DeuUchen pharm. Get., 1916, 16 , 36-48; J.S.C.I . , 1916, 548. 

u Ger. Pat. 292,242, Dec. 27. 1912. 

* U. 8. Pat. 1,111,502, Sept. 22. 1914. 



no 


HYDROGENATION 


962 . A more active catalyst in a somewhat different physical form is obtained by using a 
little keratin or other organic colloid dissolved in the caustic soda used for forming the hydrated 
alumina. Wool is very well suited. The same reagents in the same proportions may be used 
together in the manner indicated above with the exception, that about 5 parts of wool, are 
previously dissolved in the caustic soda solution. The final material obtained is more fluffy 
and bulky than where the wool is omitted. This fluffy bulky catalyst is kept in suspension 
in the oil with particular readiness. 

953. Schwarcman states that since palladium oxide does not form soaps with fatty acids, 
it may bo employed in hydrogenating free oily and fatty acids and that as alumina is insoluble 
in fatty acids, the palladium carried by this sesquioxide makes a particularly good catalyst 
for this purpose. 

964. An interesting form of catalyst investigated by Mittasch, Schneider 
and Morawitz 36 contains the elements of a metal of the platinum group and an 
aluminate silicate, and can be obtained by taking an aluminate silicate con- 
taining water, such as a natural or artificial zeolite, and replacing a part or the 
whole of its content of alkali metal or alkaline earth metal, by the platinum 
metal. 

955 . The product obtained can be subjected to further treatment. For instance, it may 
be heated and reduced, and this reduction is desirable if the catalytic agent is to be employed 
for the hydrogenation of organic compounds. After such reduction, the catalytic agent con- 
tains a platinum metal in a metallic form and also the elements of an aluminate silicate. 

956 . The introduction of the platinum metal into the silicate can bo effected by digesting 
the alkali metal aluminate silicate with a solution of a platinum metal salt. Or, the zeolite 
as obtained (or after being gently heated, so that some of the water is driven off) may be 
soaked in a solution of a platinum metal salt, so that the platinum metal salt enters the zeo- 
lite, and some replacement of the alkali metal or alkaline earth metal by a platinum metal 
takes place, although the alkali remains in the mass. 

957 . Example: Digest 100 parts of the artificial zeolite, sodium aluminate silicate (such 
as the ordinary commercial granular sodium permutite found on the market) with a weak 
hydrochloric acid solution containing one-tenth of a part, to naif a part, of palladium sul>- 
chloride, either at ordinary temperature, or while warming, until the solution is decolorized. 
If the catalytic agent is to be used for hydrogenation purposes, wash the mass well and dry it 
and reduce with hydrogen at from 150° to 200° C., or with formaldehyde at a lower tem- 
perature. The catalytic agent which is obtained can be used (either directly, or after pulveri- 
zation) for the hydrogenation or dehydrogenation of organic compounds, and, wnen liquids 
are treated, these can with advantage be allowed to trickle over the catalytic agent. Instead 
of sodium permutite, other aluminate silicates containing an easily replaceable base, or more 
than one easily replaceable base, can be employed, for instance, natural zeolites can be used, 
such as analcime, natrolite, chabasite. In a similar manner, other platinum metal zeolites 
can be prepared, for instance, those of platinum itself and of rhodium, iridium, ruthenium and 
osmium. A platinum zeolite can be obtained by heating an artificial zeolite until more or 
less of the water has been driven off, and then soaking it in a solution of platinum hydro- 
chloride, drying and heating, whereupon, any soluble salts, such as sodium chloride can be 
removed by washing or digesting. An osmium zeolite can be prepared by soaking a zeolite 
in a solution of potassium osmate, and heating. The artificial or natural zeolite can first be 
converted into ammonium zeolite, and this either directly or after heating can be converted 
into osmium zeolite, by treatment with potassium osmate. 37 

968. Vereinigte Chemische Werke A.-G. 3 * make use of a palladium catalyzer 
precipitated on an indifferent body as a carrier and recommend as carriers finely 

** U. S. Pat. 1,215.396, Feb. 13. 1917; cf. Prit. Pat. 1,358, Jan. 27, 1915. 

37 Artificial zeolites are put on the market under the name of permutite, and are described 
in British Patent No. 23,706/12 and also in the article "On Artificial Zeolites" by Siedler, 
on page 202 of the report of Section 2 of the Seventh International Congress of Applied 
Chemistry held in London in 1909. 

"Gei. Pat. 230,488, Aug. 0. 1910; also Brit. Pat. 18,642. 1911. 
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divided metals which do not have anti-catalytic properties, also metal oxides 
and carbonates. Under these circumstances it is stated that 1 part of palla- 
dium is sufficient to convert in a few hours 100,000 parts of oily material to a 
firm mass. They recommend the use of a hydrogen pressure of 2 to 3 atmos- 
pheres and a temperature somewhat above the solidification point of the satu- 
rated fat. They caution against arsenic, hydrogen phosphide and sulphide, 
liquid hydrocarbons and carbon disulphide, chloroform, acetone and free min- 
eral acids as being destructive to the activity of the catalyzer. 
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CHAPTER X 


NICKEL CATALYSTS: GENERAL 1 

1000 . The generalization of the use of nickel and its congeners as hydrogena- 
tion catalysts is due to Sabatier and his collaborators. Nickel, alone or with a 
promoter, is by far the most important catalytic agent used in both experimen- 
tal and industrial hydrogenation at the present day. It is inexpensive, robust 
and highly active. 

1001 . An examination of patents relating to the hydrogenation industry 
shows that more than one-third of them relate to the preparation and use of 
nickel catalysts, while at least half of the remainder deal with other aspects of 
hydrogenation with this metal. 

1002 . A German Patent, 139,457, of July 26, 1901, to J. B. Senderens, is prob- 
ably the first patent record having to do with the reduction of organic bodies 
by hydrogen in the presence of nickel catalysts. This patent is for the produc- 
tion of aniline from nitrobenzol and involves passing the latter body in the form 
of a vapor over heated nickel, copper, cobalt, iron or palladium in the presence 
of hydrogen. The hydrogen may be in the pure state or in the form of water-gas. 

1003 . From a lengthy paper published by Sabatier and Senderens * the fol- 
lowing notes on nickel catalysts have been abstracted. Access of air to the cata- 
lysts oxidizes it and destroys or diminishes its activity. To prepare catalytic 
material one should use an oxide quite free of chlorine or sulphur. Good results 
are obtained by dissolving the metal in pure nitric acid and forming the oxide 
by calcination at a low red heat. Reduction of the oxide should be with pure 
hydrogen, free from chlorine or sulphur. Reduction should take place at a low 
temperature, always below a red heat, or the catalyst will not be efficient. 

1004 . Nickel reduced at a red heat has practically no activity. At 300° C. 
it gives a very active material if used immediately . It is better, however, to 
employ a temperature of 350° C. Copper is best treated at 300° C., while cobalt * 
requires 400° C. Iron is difficult to reduce. At 450° C. some six or seven hours 
are required to completely transform the oxide into the metal. Nickel and cop- 
per are actually reduced near 200° C., so even if some oxidation of the catalyst 

1 Much of the matter in Chapters X and XI is applicable, with obvious modification, to 
other base metals. 

1 Ann. de Chim. el de Phjjs., 1905 (4), 319. 

1 The reduction of cobalt oxides by hydrogen and carbon monoxide at different tempera- 
tures is described by Kalmus. (Jour. Ind. Eng. Chtm. 1914, 112-114.) For some metals 
the minimum temperature of reduction is lower with carbon monoxide than with hydrogen 
(Fay and Seeker, J. Am. Ckem. Soc. t 1903, 641). 
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were taking place, because of the presence of oxygen in the hydrogen gas, imme- 
diate reduction would occur thereafter. 

1005. The hydrogen employed is dried with sulphuric acid, is then passed 
through a tube of Jena glass filled with copper turnings maintained at a low 
red heat and finally goes through a long tube filled with fragments of caustic 
potash. 

1006. The catalyst should be prepared in the tube in which the material to 
be hydrogenated is treated. 

For high temperatures a copper tube heated in a bath of equal parts of 
sodium and potassium nitrate (which melts at 225° C.) may be used. 

1007. With regard to the life of the catalytic material the investigators state 
that there are three periods noticeable. 

1. A short period when the catalyst is becoming “ accustomed ” to the 
atmosphere of hydrogen and the body to be treated. 

2. A period of normal activity. 

3. A period of decline. 4 

1008. The second or normal period is generally very long, if no trace of bodies 
capable of altering the surface of the metal is present. For example, with a 
nickel catalyst good results were secured for one month in the transformation 
of benzene into cyclohexane. The operation was interrupted each night and 
resumed the next morning. The slight oxidation over night did no harm as the 
oxide was reduced again the next day at the temperature of working, which 
was 180° C. 

1009. If in the hydrogen there is a trace of certain bodies, the action of the 
catalyst is rapidly suppressed. Even tiny traces of chlorine, bromine, iodine 
or sulphur paralyze the nickel. Nickel obtained from oxide carrying a little 
chlorine is usually devoid of activity. Nickel from oxide containing a trace of 
sulphur is likewise inefficient. The presence in the hydrogen of even faint 
traces of hydrochloric acid, hydrogen sulphide or selenium compounds pro- 
duces the same disastrous effects. Traces of bromine in some phenol which was 
used paralyzed the nickel. The same thing happened with benzol containing 
this compound. 

1010. Catalysts finally lose their efficiency either by traces of poisons or by a 
deposit of tarry or carbonaceous material on the catalyzer particles. On dis- 
solving spent nickel in hydrochloric acid a fetid gas is evolved and brown car- 
bonaceous material is deposited. 

1011. It is of historic interest to note that at the date of their memoir (1905) 
Sabatier and Senderens lay much stress on the necessity of avoiding the deposit 
of liquid on the catalyst, stating that the lower limit of temperature is imposed 
by the necessity of maintaining the substrate (substance submitted to hydro- 
genation) in a state of vapor. This may seem surprising in view of the enormous 
amount of catalytic hydrogenation of liquid oils with nickel catalysts which is 

4 These periods are similar to those noted in the case of ferments. Ferments are catalysts 
elaborated by living organisms and catalysts of other origin have been called arti fic i al fer- 
ments. 
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practiced to-day. It roust, however, be remembered that these workers were 
dealing with bodies which are volatilized at temperatures below those at which 
the hydrogenation activity of nickel is manifested. The arrest of the reaction 
'which they reported, and which they regarded as due to covering of the catalyst 
surface with liquid, was directly caused by the temperature being allowed to 
fall below that of catalytic activity. 

1012 . Nevertheless, so heavily did the authority of Sabatier weigh on the 
pioneers of catalytic hydrogenation of fatty oils that the earliest methods pro- 
posed dealt with the fatty acids, which are readily volatilized, and not, as in later 
practice, with their glycerides, the natural oils, which cannot be volatilized. 6 

1013 . Too high a temperature of operation may cause a reversal, with dehy- 
drogenation and decomposition. Benzene becomes cyclohexane at tempera- 
tures up to 240° C., but at 300° C. the cyclohexane gives benzene and methane: 

3 C#Hu = 2 C«He + 6 CH 4 

1014 . Some peculiarities of catalytic nickel have been recorded by Senderens 
and Aboulenc.® These investigators state that the temperature at which nickel 
oxide is reduced by hydrogen is found to depend on the mode of preparation 
and treatment of the oxide used, there being also a considerable difference 
between the temperature at which reduction commences and that at which it 
is complete. Complete reduction is not effected below 300° C., but the mixture 
of metal and oxide thus obtained is more active than the metal prepared by 
total reduction at a higher temperature, the activity of reduced nickel being 
diminished by heating to a comparatively high temperature, although, at the 
same time, its catalytic properties are rendered more permanent. Pyrophoric 
nickel, when heated in the air, furnishes an oxide which is reducible at a com- 
paratively low temperature, and reduced nickel of impaired activity may be 
restored, therefore, by oxidizing it and again reducing. 7 

1016 . According to Moissan the protoxide of nickel in hydrogen at 230° to 
240° C. blackens and reduces, giving a body pyrophoric at ordinary tempera- 
ture. Muller states the protoxide of nickel at 210° to 214° C. in hydrogen loses 
11 to 14 per cent of oxygen, apparently giving nickelous oxide which corre- 
sponds to a loss of 10.7 per cent oxygen. At 270° C. it passes into the metallic 
state. For hydrogenation the anhydrous or hydrated oxide of nickel supported 
on pumice is reduced at 270° to 280° (Brunei); 280° (Leroux); 255° to 260° 
(Godchot); 245° to 250° (Darzens). 

6 Except in the vacuum of the cathode rays (Kraft). 

• Bull. Soc. Chim. 1912, II. 641. 

7 This may bo correlated with a similar phenomenon reported by Taylor (Trans. Amer. 
Electrochemical Soc. % 1904, 6, II, 187). If hydrogen be passed over the copper oxide wire of 
commerce, rapid reduction begins in the neighborhood of 300° C. If the copper so formed be 
oxidized at a somewhat lower temperature it will be found that subsequent rapid reduction 
will occur at a lower temperature than in the first reduction. This process of oxidation can 
be repeated to such a degree that the wire becomes sufficiently reactive to be reduced or oxi- 
dized at 100°. This progressive increase of reactivity was found to be accompanied by a 
visible physical change comparable with that undergone by platinum used in ammonia oxi- 
dation. 
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1016 . Senderens and Abouienc, however, after a protracted investigation, record result* 
which in brief are as follows: (a) Anhydrous nickel oxide: This oxide becomes green a little 
above 200° C. in presence of hydrogen, but the reduction commences only at about 300° C. 
and is slow at 330° C. It goes on much faster at 380° C. up to two-thirds the amount of water 
which should be evolved. There reduction stops. To get complete reduction the tempera- 
ture has to be raised to 420° C. The nickel obtained is pyrophoric. It serves very well for 
the hydrogenation of carbon monoxide, carbon dioxide, benzene and toluene, but does not 
work well with the phenols. 

(6) Nickel oxide obtained by calcination: This shows a great resistance to reduction. 
It is necessary to raise the temperature to 420° C. to obtain two-thirds of the water of theory 
and to a red heat to secure complete reduction. Heated to this last-named temperature the 
product is inactive even with carbon monoxide which is very easily hydrogenated. It is pyro- 
phoric, however. The efficiency of nickel as a catalyzer does not depend on any pyrophoric 
property. Nonpyrophoric nickel has been prepared which is a good catalyzer. Reduction 
of the oxide (6) at 420° C. gives about one-third oxide with two-thirds metal. This mixture 
is active and pyrophoric. It easily converts water gas into methane. 

(c) Hydrate of nickel: Introducing hydrate, prepared in the laboratory, into the tube 
used for reduction, the dehydration was very slight at 200° C., while at 230° C. reduction 
took place and at 270° C. dehydration and reduction progressed, but rather slowly. In an- 
other experiment the same "hydrate" was reduced after gently heating in a crucible to 
remove the water. The reduction presented the same variations commencing about 230° C. 
and progressing very gently up to 270° C. at which point water was given off regularly for 
six hours in an amount corresponding to one-third the total expected from the reduction of 
the oxide. At 300° C. two-thirds of the water was collected and at 320° C., the remainder was 
obtained after treatment for several hours. Another hydrate of nickel furnished by a chemi- 
cal supply house was more difficult to reduce, not giving off as much water as the preceding 
at temperatures 20° to 30° higher. 

1017 . Anhydrous oxides and hydrates of nickel cannot be completely reduced to the 
metal at 300° C., but a mixture of the metal and oxide results. It is nevertheless true that 
such mixtures are more active than if complete reduction with corresponding elevation of 
the temperature had taken place. 

1018 . Two stages of oxidation, derived from the same pyrophoric nickel of which in one 
case the reduction was arrested at 250° C. when one-half the oxide remained, and in the 
other case the material was heated up progressively to 350° C. to give total reduction, were 
tested. The latter hydrogenated xylenol normally, while the former gave a hydrocarbon. 
To evade this destructive action in a number of cases the investigators heated the nickel 
after reduction to a higher temperature to diminish its activity and conserve its life as a cata- 
lyzer. 

1019 . Sabatier and Espil have found nickel reduced from the oxide at tem- 
peratures above 350° C. is capable of hydrogenating the benzene ring. Frequent 
assertions have previously been made to the contrary. Sabatier and Espil find 
that nickel reduced at 500° and maintained for eight hours at 500° to 700° in 
an atmosphere of hydrogen is still active in this respect. When heated to 750° it 
would no longer act to carry hydrogen to the benzene ring although it was still 
capable of effecting the reduction of nitro bodies. 8 

1020 . Sabatier states that nickel reduced from the hydroxide at 250° C. is not 
only unduly sensitive, but is difficult to control. Applied to phenol it tends to 
produce cyclohexane instead of cyclohexanol. 9 With this goes the statement 
of Taylor: 10 “ Heat treatment of an active catalyst preparation is now our 
standard method of preparing catalysts with controlled adsorptive capacity or 
catalytic activity.” 

• Bull. Soc. Chim., 1914. 18 , 779. 

•Sabatier (tr. Reid), Catalysis in Organic Chemistry, 56. 

10 Colloid Symposium Monograph, 1923, 104. 
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1021. Influence of Reduction Temperature and Time on Catalytic Activity. 

Yamaguti 11 has examined the effect of reduction temperatures from 300° to 
800° C. on the activity of a nickel catalyst for the decomposition of methane at 
850° C. The most active catalyst was that prepared at 600° C. Yamaguti 
then reduced nickel at 600° C. for eight to thirty hours. The best catalyst was 
that which had been reduced at 600° C. for eighteen hours. It contained 
79.5 per cent free metal. These results have, evidently, no direct application 
to hydrogenation catalysts for ordinary working temperatures, but are special 
to the class of dehydrogenation catalysis with which they were obtained. 

1022. Benton and Emmett 11 have investigated the kinetics of the reduction 
of nickelous and ferric oxides in hydrogen. They find that the reduction of 
the nickel oxide is autocatalytic, but that this is not the case with ferric oxide. 
This lines up with the work of Pease and Taylor 11 on copper oxide. The explana- 
tion offered is that oxides which form solid solutions with their metals will not 
be autocatalytic in reduction, while those which do not form such solid solu- 
tions will show autocatalysis. Iron falls in the first class, nickel and copper in 
the second. See graph, Fig. 14a, page 126. 

1023. In the case of nickel oxide it was found that the higher the tempera- 
ture of preparation, the higher the temperature necessary to obtain a useful 
rate of reduction, and the less the autocatalytic effect. 

Emmett confirms observations of other workers 14 that supports and pro- 
moters sometimes retard reduction or require a higher temperature. 

1024. Gallo 16 has also examined the course of the reduction of nickel and 
cobalt oxides by hydrogen. The reduction of nickel “ sesquioxide " 16 in dry 
hydrogen begins at 92°-95° C. In the presence of water vapor of pressure 
92 mm. reduction commences at a higher temperature and proceeds more slowly. 
With cobalt sesquioxide reduction is first detectable at 80°-85° C. and complete 
reduction requires several hours at high temperatures. 

1026. Comparison of Catalysts from Different Raw Materials. Kahlenberg 
and Pi 17 have made a comparative study of catalysts reduced from different 
compounds, chiefly nickel compounds. These catalysts have been tested in the 
hydrogenation of various oils and have been found to exhibit important differ- 
ences in their behavior under catalytic hydrogenation. 

11 BuU. Chem. Soc. Japan, 1917. S, 289. 

li J. Am. Chem. Soc., 1924, 46 , 2728. A more generalized treatment of the subject of 
oxide reduction was given by Emmett at 5Ut Genl. Meeting — Amer. Electrochem. Soc., 1927. 

11 J. Am. Chem. Soc., 1921, 43 , 2179. 

14 Taylor and Gauger, J. Am. Chem. Soc., 1923, 46 , 920 (nickel on diatomite); Taylor and 
Russell, J. Phys. Chem., 1925, 29 , 1325 (nickel with thoria promoter). In order to obtain 
catalysts active at low temperatures the temperature of reduction must be correspondingly 
low. This is secured by reduction in presence of a catalyst (French pat. 650,592, Mar. 8, 
1928 to I. G. Farbenind. A.-G.; Chem. Abst., 1929, 23 , 3315). 

11 Annalx Chim. Appl., 1927, 17, 535, 544. 

11 This would be NfoOj. "No trivalent salts [of nickel) are known, and the trivalent 
hydroxide which is frequently mentioned in the literature appears to be the hydrated diox- 
ide." Latimer and Hildebrand: Reference Book of Inorganic Chemistry, Macmillan, New 
York, 1929. Cf. LeBlanc and Sachse, J. anorg. allgem. Chem., 1927, 168 , 15; Chem. Abet., 
1928, 22 , 3107. 

17 /. Phya. Chem., 1923, 28 , 59-70. 
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1016 . The hydrogenation of cottonseed oil was carried out with catalysts obtained by 
reduction in a current of hydrogen of: nickel oxide, nickel molybdate, nickel tungstate, tung- 
sten oxide, nickel silicate, nickel borate, iron silicate, a mixture of iron and nickel silicates, 
nickel glycinate, nickel tyroeinate, thorium stearate, thorium silicate, nickel chromate, nickel 
m&nganate, and cobalt silicate. The hydrogenation of soya-bean oil was conducted with cata- 
lysts made from nickel silicate, borate, molybdate, tungstate, chromate, and manganate. 
Olive oil, corn oil, neat’s-foot oil, and a fish oil, and oleic acid and the fatty acids from cotton- 
seed, soya-bean, fish, and neat’s-foot oils were also hydrogenated with the nickel silicate cata- 
lyst. Nickel silicate proved to be the most active catalyst among those tested in the hydro- 
genation of cottonseed oil. The best temperature for the reduction of this catalyst is 290°- 
300° and for the hydrogenation of the oils 180°-200°. Nickel tungstate was found to be 
efficient in the hydrogenation of cottonseed oil, but to require rather a high temperature for 
its reduction. Iron retards the catalytic activity of nickel when both these metals are present 
in the catalyst. Hydrogenation of soya-bean oil is stated to be difficult, but may be accom- 
plished by means of nickel chromate or manganate, the iodine value of the oil being reduced 
to about half its original value. The hydrogenation of free fatty acids is reported to be more 
readily accomplished than that of the corresponding glycerides. The case of neat’s-foot oil 
is an example. 1 * 

1027. That the activity of a nickel catalyst is much influenced by the condi- 
tions of preparation and especially by the temperature to which it has been 
subjected is now a commonplace. The matter has been quantitatively investi- 
gated chiefly by Taylor and associates, by Armstrong and Hilditch in England 
and by Kelber in Germany. 

1028. An important paper on this subject was published by Gauger and 
Taylor, 11 from whj^h the following excerpts are taken: 


The Adsorption of Gases by Nickel 

Gas Volumes Adsorbed at 760 mm. Gas Pressure 


Sam- 

ple 

Support 

Wt. 

Gms. 

Wt. Ni 
Gms. 

Gas 

Cc. (0-760 mm.) ad- 
sorbed by sample 

Cc. (0-760 mm.) ad- 
sorbed per vol. of Ni 

25° 

184° 

218° 

305° 

25° 

184° 

218° 

305° 

(A) 

None 

15. O' 

15.0 

H, 

8.7 


ra 

m 

5.2 1 

m 

IS 

3.2 

(B) 

Diat. earth 

11.0 

1.1 

H, 

6.30 

6.15 

5.65 


50.71 


Be 

. . . 

(C) 

Diat. earth 

10.4 

1.0 

Hj 

BED 


5.35 

mm 



47.2 

... 





CO, 

. . . 

1.8 

... 



16.0 


... 

(E) 

Diatomite 

10.0 

1.0 

H, 

4.8 


. . . 


42.7 

. . . 


. . . 






175° 


225° 

250° 

175° 

200° 


250° 

(D) 

Diatomite 

mm 

0.75 

H, 

3.8 

Kin 

. . . 

3.5 

46.3 

45.4 


42.1 





COa 

1.3 

1.2 

1.1 

.9 

15.1 

14.2 

13.4 

11.8 





CO 

5.25 


. . . | 


50.4 


m 



(A) Oxide from nitrate, calcined at 300°, reduced in stream of pure, dry hydrogen at 300°. 

(B) One gram nickel supported on 10 g. diatomaceous earth. Diatomaceous earth 
soaked in nickel nitrate solution, dried, calcined at 300°: reduced by more than one week’s 
treatment with pure, dry hydrogen at 350°. 

(C) As (B) except that it was reduced for forty minutes at 500°. 

(D) Nickel 10 per cent on Nonpareil diatomite brick (8- to 10-mesh). Reduced at 300° 
from low temperature calcined oxide. 

(E) Like (D) except calcination at 400° and reduction at 300°-500° for twenty-five min- 
utes. All these catalysts were of a high degree of activity. 

11 Brit. Chem. Abat ., 1914 , 184B. [These findings are not wholly in accord with the 
usual expectations in such cases. Well-refined soya-bean oil is easily hydrogenated by any 
active nickel catalyst, while, on the other hand, free fatty acids generally are far more obstinate 
with respect to hydrogen addition than the corresponding glycerides. — Author.) 

“ J. Am. Chem. Soc. t 1923, 44 , 920. 
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1029 . Comparison of the results for nickel (A) with those of Taylor and Burns 
illustrates the fact that the previous history of the sample may have no little 
effect upon the capacity which it exhibits for adsorbing hydrogen. The discrep- 
ancies in the literature may well be due in part to the treatment accorded the 
sample before adsorption measurements were made. These have been consid- 
ered by Taylor and Burns. 10 In this connection, it is to be noted that the values 
given in the tables represent a steady state of adsorptive capacity. The first 
experiment after the reduction of sample (A) showed an adsorption of 10.4 cc. 
at 25°. The second was at 80.5° with a value of 9.3 cc. The value of 8.7 cc. at 
25° is the mean of a number of values ranging from 8.5 cc. to 8.9 cc. obtained 
after numerous experiments at different temperatures. As a check, a run was 
made at this temperature after the final run at 305° and the value of 8.5 cc. 
was obtained, which is evidence of a steady adsorptive capacity. 

1030 . The effect of supporting the metal on an inert material was to increase 
its capacity for adsorbing hydrogen almost ten-fold, which may be explained 
on the basis of increased effective surface. An additional advantage of using a 
support material such as diatomaceous earth lies in the fact that the catalyst 
may be subjected to more severe heating in the reduction process without 
destruction of its adsorbing power. Sample (C) was maintained at 500° for 
forty minutes during the course of reduction, yet showed practically the same 
adsorbing power as did sample (B) which was reduced at 350°. Sample (E) sup- 
ported on diatomite brick was reduced at 500° for ten minutes and showed an 
adsorptive capacity only slightly less than that of sample (D) on diatomite 
brick reduced at 300°. These results are in good agreement with those of Kelber 
and of Armstrong and Hilditch 21 who showed that nickel hydroxide precipi- 
tated on diatomaceous earth and reduced at 500° is an extremely active catalyst. 
Taylor and Burns 22 have shown that heating the nickel to 600°-700° decreases 
the adsorption between 80 and 97 per cent, and Sabatier states that nickel 
reduced at 700° is practically inert as a catalyst. Armstrong and Hilditch have 
shown that ignition of an unsupported catalyst at 500° in hydrogen is sufficient 
to impair seriously its catalytic activity. This influence of the support is of con- 
siderable importance since complete reduction cannot be attained at a tempera- 
ture below 420° (Senderens and Aboulenc, para. 1016). 

1031 . It is also worthy of note that the oxide when supported on diatoma- 
ceous earth cannot be reduced at a temperature below 350° excepting extremely 
slowly, whereas unsupported nickel is rapidly reduced at this temperature. It 
would appear that the reduction of nickel oxide is an interface phenomenon, 
as has been shown to be the case for the reduction of copper oxide by hydrogen. 22 

1032 . The investigation by Taylor and Burns to which reference has been 
made, showed, in addition to other things not immediately relevant, that meth- 
ods of preparation which produce active catalysts also produce metals with 

20 /. Amer. Chem. Soc ., 1921, 43, 1277. 

21 Kelber, Ber., 1916, 49, 55, 1868. Armstrong and Hilditch, Proc. Roy. Soc., 1921, 99A, 
490. 

22 J. Amer. Chem. Soc., 1921, 43, 1277. 

u Pease and Taylor, /. Amer. Chem. Soc., 1921, 43, 2188. 
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high adsorptive capacity for gases whose reaction they catalyze. High adsorp- 
tive capacity is associated with low minimum temperatures for catalysis. The 
fact that the temperature of maximum adsorption is often lower than that of 
maximum catalytic activity may be due to the higher temperature causing a 
freer evaporation of reactants and resultant from the catalytic surface. 

1033 . The paper by Armstrong and Hilditch 14 is the sixth of a long and 
important series on various problems of catalytic actions at solid surfaces. It 
deals with surface area and specific nature of a catalyst as two independent fac- 
tors controlling the resultant activity. The apparent volume, pyrophoric char- 
acter, and catalytic activity of nickel obtained by the reduction of (a) powdered 
fused nickel oxide, (6) precipitated hydroxide and (c) hydroxide precipitated 
on kieselguhr w r ere compared. The pyrophoric character of the nickel is in no 
way related to its catalytic activity. The behaviors of the oxides and hydrox- 
ides of nickel during reduction at various temperatures show that changes in 
rate of reduction are due to physical condition and not to the formation of sub- 
oxides. A preparation of nickel oxide and kieselguhr in such proportions that 
nickel constituted 14.62 per cent of the dry mixture was separated into parts. 
Different parts were reduced more or less completely. The reduced nickel 
varied from 13 to 98 per cent. No increase of catalytic activity appeared as a 
result of further reduction after 60 per cent of the nickel was reduced. Pure 
nickel oxide sometimes suffers a decrease in catalytic activity as it is brought 
from partial to complete reduction. However, such decrease of activity is accom- 
panied by a decrease in volume and consequently of surface. These phenomena 
indicate that in such cases it is the surface area of nickel, and not the presence 
of any other catalyst, which determines the catalytic activity. 14 

1034 . Results obtained by Thomas 18 with nickel hydroxide on an equal 
weight of kieselguhr at various temperatures of reduction are shown in the fol- 
lowing table, the activity obtained with a catalyst reduced at 250° C. being 
taken as unity. The activities of the reduced catalyst were determined by 
ascertaining the time required to reduce the iodine value of olive oil by one- 
half, using 0.25 per cent of nickel at 180° C. for the hydrogenation. The inverse 
ratio of the times is a measure of the comparative activities. In each case the 
reduction was effected until not more than 5 per cent of unchanged oxide 


Temperature of 
reduction 

Time required for 
half transformation 
of olive oil (T) 

Activity of the 
catalyst 

250° C. 

GO minutes 

1.0 

350° C. 

51 minutes 

1.18 

500° C. 

48 minutes 

1.25 

650° C. 

254 minutes 

0.23 

750° C. 

24 hours 

Negligible 


" Loc. til. 

" Chem. Abat., 1922, 16 , 188. 

“ J.S.C.I .. 1923, 42 , 3, 21T-26T. 
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remained. At 250° C. this operation required twelve hours, while at the other 
temperatures it was effected in about one hour. 

When preparing a nickel catalyst by reduction with hydrogen, therefore, 
in order to secure maximum activity, the temperature of reduction should be 
about 300° C. in the case of an unsupported catalyst, and between 350° C. and 
500° C. with nickel supported on kieselguhr. 

1036 . Some interesting observations have been made by Kelber 57 on the 
catalytic hydrogenation of organic compounds with non-noble metals at room 
temperature. 

The catalytic action of the reduced nickel metals is stated to be greatly increased if the 
compounds employed (best the basic carbonates) are first deposited on a suitable carrier 
(infusorial earth, Florida clay, the various commercial hydrosilicates of aluminum and mag- 
nesium, blood charcoal, the decolorizing charcoal of the ferrocyanide manufacture, linden 
charcoal, etc.). The reduction is best effected in aqueous or aqueous-alcoholic solutions. 
In alcohol, benzol, acetone, ethyl ether and ethyl acetate it is slower; theadditionof a lit tie water, 
especially with ethyl ether and ethyl acetate, greatly accelerates it; in acetic acid it is rapid 
with nickel reduced at 310°. Chloroform is not suitable. To get an approximate comparison 
of the catalytic action of reduced non-noble metals with that of colloidal palladium, the 
detonating gas catalysis was carried out; Kelber and Schwartz palladium preparation * was 
used; 0.2 g. This (= 0.0344 g. Pd) showed an activity which at first was less than that of 
0.5 g. nickel (a) (from the basic carbonate) reduced on 4.5 g. of an inorganic carrier in hydrogen 
at 450°, although it gradually increased as compared with the activity of the nickel and finally 
surpassed it. A nickel prepared at 310° or 450° without a carrier gave a negative result. In 
the reduction of 0.75 g. cinnamic acid in 50 per cent alcohol, however, preparation (a) and 3.0 g. 
nickel reduced at 450° have about the same effect as 0.5 g. reduced at 310°, while 0.5 g. reduced 
at 450° without a carrier is enormously less effective than preparation (a); in an aqueous 
alcoholic solution of sodium cinnamate the nickel reduced at 310° has the same effect as an 
equal weight of nickel reduced at 450° on a carrier. Cobalt may be used instead of nickel 
but the reduction is slower. Other substances reduced in this way were sodium phenyl pro- 
piolate, quinine hydrochloride, diphenyldiacetylene, sodium “cotton oleate.” 

1036 . Brochet * 9 discusses the use of nickel as a catalyst in organic chemis- 
try. Pyrophoric nickel prepared for use as a catalyst loses its characteristic 
property if placed in water or an organic fluid, without much detriment to it a 
catalytic powers. If these are diminished to any extent by this treatment they 
may be restored to full activity by reheating the metal in a current of hydrogen. 
The density of catalytic nickel appears to have little relation to its activity *° 
and the total available surface is not the only factor to be considered. The 
physico-chemical condition of the surface may have considerable influence; 
further, the extent of the occlusion of hydrogen by the metal appears to be 
uncertain as the measurements hitherto published are not consistent with each 
other. 

Summary 

1037 . The preceding paragraphs set out the results reported by different 
workers on the properties of nickel catalysts prepared under varying condi- 
tions. It was, therefore, not possible to make the arrangement strictly accord- 
ing to subject matters. For this reason the following summary of important 
results is inserted. 

11 Ber., 1916, 49, 55-63; Chem. Abet., 1916, 897. 

* Chem. Abat., 1912, 6 , 2757. 

* Compt. rend., 1922, 175, 1073; J.S.C.I., 1923, 4S, 104A. 

10 C/., Bedford and Erdmann, Fr. Pat. 451,155; J.S.C.I . , 1913, 602. 
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1038. Raw Material. This should preferably be nickel nitrate free from 
arsenic, chlorine and sulphur. A preferred material results from the solution 
in pure nitric acid of the nickel cubes produced by the Mond carbonyl process. 

1039. Ellis has shown that (using the precipitation method) pure nickel sul- 
phate is an unexceptionable raw material. This is in agreement with his obser- 
vation that traces of sulphuric acid carried over by hydrogen from a wash-bottle 
into a mixture of oil and nickel have no deleterious effect on the course of the 
reaction or on the life of the catalyst. 

1040. Preparation of Material for Reduction. This may be done by cal- 
cining the nitrate with free access of air, or by precipitating the hydroxide or 
carbonate and thoroughly washing and drying the precipitate. 

1041. Oxide from Nitrate. This is made by calcining in a crucible at about 
300° C. The resulting oxide is very resistant to reduction: at 420° two-thirds 
reduction and high activity (Senderens and Aboulenc) ; at 300° a highly active 
catalyst is obtained (Gauger and Taylor). 

1042. Hydrate, etc. Less resistant to reduction : two-thirds reduction at 300°, 
complete reduction at 320° (Sabatier and Senderens). 

1043. Temperature of Reduction. For unsupported nickel this should be 
320°-350°: lower temperatures tend to produce catalysts too susceptible to 
poisons; higher temperatures impair the activity; nickel reduced at 700° is 
almost inactive. The temperature for satisfactory reduction may be progressively 
reduced by alternate oxidation and reduction. 

1044. Effect of Carrier. Nickel supported on an inert carrier requires a 
higher temperature for reduction, reduction being inappreciable below 350° and 
extremely slow at that temperature. Supported nickel tolerates higher tem- 
peratures without loss of catalytic activity: at 500° reduction is rapid and the 
product is of high activity. For a given weight of metal the hydrogen adsorp- 
tion capacity may be increased tenfold in some cases by extending the catalyst 
on an inert carrier. Such supported catalysts are generally more robust. 

1046. Degree of Reduction. Incompletely reduced oxide is more active than 
pure metal, not because of the presence of oxide, but because the higher tem- 
perature required for complete reduction impairs the activity (Senderens and 
Aboulenc), owing to shrinkage of the catalyst (Armstrong and Hilditch, arguing 
from direct measurements and, by inference, from the measurements of Gauger 
and Taylor). 

1046. Effect of Oxygen. The weight of evidence is against the belief held by 
some that the presence of oxygen is necessary for hydrogenation with nickel 
catalyst (Kelber: Normann). 

1047. Pyrophoric properties are not essential to catalytic activity. 

Catalysts from Massive Metal 

1048. One of the main objects aimed at by those who have proposed catalysts 
made from massive nickel metal is the avoidance of chemical precipitation 
methods. Another is the simplification of regeneration of the used catalyst. 
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1049. Bolton 31 treats nickel wool with nitric acid so as to attack the surface 
only. The nitrate is converted to oxide and the latter reduced by hydrogen. 
The reaction chamber is packed with this catalyst. Regeneration is effected in 
situ by removing adherent nickel soap with hot oil and the oil with a suitable 
solvent. The catalyst may then be heated in hydrogen. 

1060. Backhaws 33 arranges metallic gauze disks (copper, chromium, nickel 
or iron) transversely in a tube, with or without separating rings. The surface of 
the gauze is corroded by passing an oxidizing gas (air) charged with acetic acid 
vapors. The resulting acetate film is heated in situ forming the oxide, which 
is then reduced in a current of hydrogen at ± 300° C. 

This form of catalyst is particularly adapted for the production of alde- 
hyde and hydrogen by the treatment of alcohol vapors at 300° C. This is, of 
course, a dehydrogenation. 

1061. In somewhat similar fashion Hagermann and Baskerville 33 employ 
nickel sheet, wire, or the like, with a surface layer of oxide in shapes specially 
adapted to the conditions of use (“ tarnished shapes ”). The metal preferably 
contains a small percentage of cobalt. 

1062. Catalyst Prepared Electrolytically. Lush 34 prepares a nickel catalyst 
directly on the metallic surface. The surface is subjected to anodic oxidation 
in an alkaline electrolyte which will not dissolve nickel (e.g., sodium carbonate 
solution). The oxide so produced on the metal is reduced in the usual way with 
hydrogen. Here, again, we have a method that offers simplicity in regenera- 
tion. M 

1063. Schueler 38 also forms catalyst and catalyst support in one. Disks of 
woven wire, or of perforated sheet, or a spiral strip of metal with distance pieces 
corrugations, ribs or projections are used. Uniform oxidation is secured by 
anodic oxidation in an electrolytic bath. 17 

1064. In another modification 38 Schueler places the catalyst material in 
cages assembled on one or more perforated tubes through which the hydrogen 
is supplied. 

1066. Pure Nickel Oxide by Anodic Oxidation. Iki, 39 chiefly with the object 
of obtaining a catalyst free from sulphate, which he says always persists when the 
carbonate or hydroxide is precipitated from the sulphate, prepares oxide by 
anodic corrosion of nickel. Pure sheet nickel is used and is electrolyzed in 0.1- 
or 0.05-normal sodium or potassium hydroxide or carbonate. Anodic solution 
takes place slowly at first in alkalies, and green nickelous hydroxide collects on 

11 Brit. Pat. 162,370, 1920. 

” U. S. Pat. 1,400,204, 1921. Cf. Badische Co. Catalyst, para. 636, page 59. 

31 U. S. Pat. 1,238,137, 1917. 

34 U. S. Pat. 1,519,035, Dec. 9. 1924. See Chapter XXXVII. 

33 The process is described in an article by Lush, J.S.C.I. , 1923, 219T; its application 
to experimental investigation in a paper by the same author on “ Kinetics of Hydrogenation," 
ibid., 1924, 43 , 11. 53T-56T. 

33 Brit. Pat. 274,952, Apr. 28, 1926, reff. to Brit. Pat. 273,045 (next para.). 

37 Suppl. J.S.C.I .. Oct. 14, 1927. 

33 Brit. Pat. 273.045, Dec. 31, 1926; Suppl. J.S.C.I ., Sept. 16. 1927. 

39 Ind. Eng. Chem. t 1928, 10, 472; J. Soc. Chcm. Ind. t Japan, 1928, 31 , 1; Bril. Chetn. 
Ab*t ., 1928, 377A. 



NICKEL CATALYSTS: GENERAL 


123 


the anode, which is gradually oxidized to black adherent nickelic hydroxide. 
Adding 5-10 cc. of alcohol per liter prevents this oxidation and only nickelous 
hydroxide is formed, which easily comes off the anode. A voltage of 4-7 is used 
and a current density of 0.01 amp. per sq. cm. If the electrodes are separated 
by a suitable diaphragm, the alkali collects in the cathode space and at the anode 
are only nickel hydroxide and pure water. This favors the recovery of the alkali 
and the purification of the precipitate. The tendency of the nickel hydroxide 
to adhere to the anode is less in carbonate solution than in the hydroxide solution. 


Colloidal Nickel Catalysts 

1066. It was inevitable that experimenters should be tempted to devote labor 
to trying out colloidal nickel as a hydrogenation catalyst. Experience has, how- 
ever, shown that not much satisfaction is afforded by the use of certain forms of 
highly colloidal catalysts of other than noble metals. In addition to offering 
negligible positive advantages, certain of these colloidal base metal catalysts are 
endowed with serious drawbacks. In some instances they are subject to sudden 
coagulation and to slow decomposition : they increase the difficulty of separating 
the finished product from the catalyst to an extent dependent on the character of 
the dispersion. 

Thomas 40 finds that while an active catalyst can be made in this manner, its activity, 
in spite of its enormous surface, is considerably lower than that of a nickel on kieselguhr pre- 
pared by reduction with hydrogen as described in para. 1034. An electric arc was formed 
under distilled water between two nickel electrodes, using a current of 8 amperes from 150 
volts. It was found, under these conditions, that the disintegrated nickel was in such a fine 
state of division that no appreciable signs of coagulation were noticeable after the lapse of 
seven days. In order to transfer this catalyst into oil, the latter was added to the water con- 
taining it and the water evaporated off under diminished pressure. Its activity was deter- 
mined by using it in 0.15 per cent concentration for hydrogenating cottonseod oil at 180° C. # 
and comparing the rate of hydrogen absorption with that obtained by means of a supported 
catalyst using the same concentration of nickel. The iodine absorption of the cotton-seed 
oil was 111.0, corresponding to a total possible hydrogen absorption of 1040 cc. at 17° C. 
for 10 g. of the oil. The results were as follows: 


Time (minutes) 

Temperature, 180° C. 

Hydrogen Absorption (cc.) * 


(a) 

(6) 

5 

142 

41 

10 

256 

73 

15 

321 

102 

20 

380 

130 

25 

435 

149 

30 

478 

165 


• (a) refers to a catalyst prepared according to the method described in para. 1034 and (6) 
according to the present method. 


*Loc. ext. 
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1058. It will be seen from the above figures that the activity of a catalyst prepared by 
electrical comminution under conditions which were found to give the most active prepara- 
tion, is not more than one-fourth that of a supported catalyst prepared by reduction in hydro- 
gen at 350° C., although the surface area of the former is much greater than that of the latter. 
If currents much higher than 8 amperes were employed the catalyst was not obtained in as 
finely divided a condition and its activity fell below that indicated above. 

1069. Colloidal solutions of nickel can be prepared by the reduction of solu- 
tions or suspensions of nickel salts in glycerol containing gelatin or gum arabic 
as a protective colloid (C. Kelber, Ber. 1917, 60, 1509). Thus, a solution of nickel 
formate and gelatin in glycerol at 200-210° when submitted to the action of a 
stream of hydrogen assumes a chestnut-brown color. The colloidal solution 
remains unaltered in air and is miscible with alcohol. On treatment with water 
and centrifuging, the colloidal metal is deposited as a brown solid containing 
25 to 30 per cent of nickel. This again yields colloidal nickel solutions in dilute 
acetic acid, acidified water, glycerol, or alcohol. Hydrazine hydrate, formalde- 
hyde, hydroxylamine, and hypophosphorous acid can be used as reducing agents 
and the nickel formate can be replaced by nickel acetate or freshly precipitated 
nickel hydroxide. 41 

1060. Nickel Sols in Toluene and Benzene. Hatschek and Thorne 41 pre- 
pared sols containing 1 .0484 g. of nickel per liter, by decomposing by heat nickel 
carbonyl in mixtures of benzene and toluene containing a small amount of rubber 
as a protective colloid. Sols, so prepared, can be concentrated considerably, 
without coagulation, by evaporating the dispersing medium. 

1061. A disturbing feature of this work was the formation of a gelatinous, green precipi- 
tate when even small quantities of air had access to the solution. The precipitate formed rap- 
idly when the stock solutions of nickel carbonyl used in the main investigation were exposed 
to the air. When these solutions were thereby rendered too weak to be of use for the prepara- 
tion of the colloidal solutions, the precipitate was filtered off and air-dried (Found : Ni 
= 39.63, 40.11; COi - 15.92, 16.21 per cent). It lost water (22.53 per cent) at 120° and 
became yellow, and was converted into black nickel oxide on ignition. 41 

1062. Paal and Brunjes state that sodium protalbinate and lysalbinate exert only a 
relatively slight protective action on sols of nickel hydrate and that it is impossible to obtain 
sols of high nickel hydrate content by their use. The preparation of stable hydroeola con- 
taining 6 to 10 per cent nickel hydrate is described. 44 

1063. Nickel Catalysts Prepared by Mechanical Subdivision of Massive 
Metal. In 1920 Elder made known a procedure for obtaining nickel catalyst 
whose essential novelty consisted in the mechanical reduction of metallic nickel 
to a degree of fineness permitting of its use as a hydrogenation catalyst. 44 

1064. The means used are mechanical attrition, as in a ball mill, with or with- 
out an abrasive, in the presence or in the absence of an oil. The oil may be the 
substrate of the hydrogenation, in which case hydrogen may be introduced and 
the operations of preparing the catalyst and using it for hydrogenating the oil 
may be simultaneous. 

41 Chem. Soc. Ann. Rep., 1918, 25, 29. 

41 Roy. Soc. Proc., 1923A, 103, 276; J.S.C.I., 1923, 42, 627A. 

41 Thome, Trane. Chem. Soc., 1924, 125. 

44 Ber ., 1914, 47, 2200; Chem. Abet., 1914, 3275. 

« U. 8. Pata. 1,331,903, 1,331.904, 1,331,905, 1,331,906, Feb. 24, 1920. 



NICKEL CATALYSTS: GENERAL 


125 


1065. In 1922 Richardson 46 described a slight modification of Elder’s process. 
This consisted in grinding in water instead of dry, or in oil. 

1066. These innovations received much publicity, whose tone suggested that 
a great revolution was about to take place in the hydrogenation industry by the 
introduction of such new methods. It is, however, understood that the proc- 
esses of Elder and of Richardson have not received extensive application. 

1067. Thomas 47 quotes Richardson ( Chem . and Met. Eng. } 1920, 22, 795: 
to the effect that action of mechanically prepared nickel catalyst in the hydro- 
genation of oils is somewhat different from that of chemically prepared catalysts. 
The latter exhibit their highest activity at the start, while the activity curve of 
the former shows a considerable rise at the commencement of hydrogenation, 
which may last for some time before the curve reaches its peak and begins to 
decline. Thomas goes on to remark that this pecularity is reminiscent of so-called 
nickel oxide catalysts, 48 which have a higher activity when employed on a sec- 
ond or third occasion than when freshly used, a fact obviously due to progressive 
reduction. A surface layer of oxide may be formed under the conditions of 
preparation of the catalyst and would be reduced during the hydrogenation, 
as some forms of nickel oxide can be slowly reduced at temperatures in the 
neighborhood of 200° C. and, according to Sabatier and Espil (Chem. Zeit., 
1913, 37, 1121), even at 150°-160° C. 

106S. A flaky form of nickel catalyzer is brought forward by Hagemann and Basker- 
ville 48 to replace nickel supported on an inert carrier. They observe that the application of 
the latter type of catalyzers involves a number of technical difficulties; for instance, on 
account of their finely divided state, such catalyzers cannot be readily and satisfactorily 
separated and recovered from the fata, and, owing to their density, do not remain well sus- 
pended in the oil treated, when such suspension is desired. The use of a metal precipitated 
upon an inert carrier, such as kieselguhr, they note, has not given entirely satisfactory results, 
probably for the reason that only a small part (one side) of the film of the precipitated metal 
comes into actual contact with the liquid to be reduced and the hydrogen, and the remainder 
of the metal is consequently inactive, since the reacting materials cannot come into contact 
therewith. Other stated objections to the use of such a catalyst are the process of revivifica- 
tion is quite an expensive undertaking, since the metal must be dissolved in an acid, and 
reprecipitated upon kieselguhr; that it is difficult to obtain a catalyzer by precipitation and 
reduction methods, which is free from oxides and other impurities; and that fatty oils hydro- 
genated with such finely divided catalyzers will contain metallic soaps, such as soaps having 
a nickel base, which are undesirable from economic and hygienic standpoints. Hagemann 
and Baskerville observe that metals having catalytic activity, such as nickel, or cobalt, 
brought into a state of extremely thin films, or flakes, by mechanical, chemical or gal van o- 
plastic processes, as, for example, by the method shown by Edison, 60 offer technical advan- 
tages as catalysts in the hydrogenation of fatty oils. These films, or flakes, are obtainable 
in a state of high purity, and may be employed either in the metallic (pure) state or after 
being partially oxidized. Films can readily be prepared, having a thickness of from one 
twenty- thousandth to one forty-thousandth of an inch, and accordingly the efficiency of a 
given weight of a catalytic metal, for example, nickel, when applied in this form, is high, 
owing to the large amount of exposed surface. Such films, or flakes, will, on account of their 
extreme thinness, readily float and remain evenly distributed throughout the whole mass of 


44 U. S. Pat. 1,419,986, June 21, 1922. 

47 hoc. eii. t p. 7. 

48 See Chapter XII. 

• U. 8. Pat. 1,083,930, Jan. 13, 1914. 

80 U. S. Pat. 865,688, Sept. 10, 1907. See also 821,626, May 29, 1906. 
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fate or oils. 11 The separation of the hardened products from the flaky nickel, cobalt, etc., 
is said to be accomplished without difficulty. In the revivification and recovery of the cata- 
lyzer for subsequent use it has been found that flaky metals, as nickel, etc., admit of economi- 
cal treatment, for the flakes retain their physical form. In this revivification the flakes, or 
films, from which the fat has been removed (for example, by extraction with a suitable sol- 
vent) are subjected to superficial oxidation followed by reduction with hydrogen at, say, 
300° C., or higher, in a current of oxygen or air, or by treatment with oxidising agents in 
liquids in which the metallic flakes are suspended. In such a manner Hagemann and Basker- 
ville state thay can repeatedly produce freshly reduced surfaces to both sides of the metal 
flakes, or films, without having recourse to conversion of the metal into a soluble salt, precipi- 
tating, igniting and reducing. 

1069 . Eldred 41 does not regard a finely divided catalyst as desirable as one having a 
catalytic metal welded to a heat-conducting support. He states that since the amount of 
such catalytic action performed in a given time unit in a body of gas is strictly proportion- 
ate to the exposed surface of catalyzing metal, it is customary to use such metals in finely 
divided form, sometimes as masses of powder and sometimes as powders adhering to and held 
by inert porous materials, such as asbestos, glass wool and the like, but that these expedients 
while giving great surface to a given amount of metal do not give a proportionately great 
exposure of such metal to the gases or vapors to be treated. It is substantially impossible 
to drive or distribute gases uniformly throughout a body of powder, and in passing gases over 
a body of such powder it is generally only the top layers of the powder which display a 
maximum activity, underlaying layers not functioning to any great extent. Use of very thin 
layers of powder of course necessitates unduly extended shelf surface. Eldred observes that 
nearly all catalyses are exothermic reactions, heat being developed by the action, and fre- 
quently the amount of heat is rather large. And as it is usually desirable to work within com- 
paratively narrow temperature limits, keeping and maintaining the catalytic metal within a 
few degrees of some definite temperature, this evolution of heat may become a serious matter. 
Nearly all the catalytically acting metals in the form of powders are relatively poor conduc- 
tors of heat. When, for example, platinum is distributed through a mass of such a heat insu- 
lator as asbestos, it is very hard to prevent the accumulation of reaction heat in the metal. 
Hence Eldred proposes a catalytic body comprising the catalytic metal in the form of a very 
thin continuous layer of film supported by masses of better heat-conducting metals weld- 
united to such layer of film and therefore in absolute metallic union therewith so that by con- 
trolling the temperature of the carrying metal the temperature of the film or layer can also 
be controlled. A catalyst may be made by welding a sheath or coating of platinum on a bil- 
let of copper or steel and “coextending” the joined metals to form wire or sheet metal. If 
3 to 10 per cent of platinum be placed on the original billet and coextension be performed 
with care, the wire, sheet or loaf metal formed will also have 3 to 10 per cent of platinum, but 
this thickness in such coextended ware will correspond to an extremely tenuous layer. Cobalt 
and nickel may be united to steel or copper billets, and the duplex or compound billets 
extended in similar manner to produce catalysts having film coatings of cobalt or nickel. 
Tho cobalt or nickel may be united to the underlying core motal directly or through a linking 
layer of another metal such as gold, silver or copper. Eldred mentions the cobalt and nickel 
catalyzers as useful in hydrogenation reactions. 

1070. Catalysts from Alloys. Nickel catalysts are prepared from alloys of 
nickel with silicon or aluminum by dissolving away the silicon or the aluminum. 11 

1071. An alloy of copper, nickel, and iron with magnesium, zinc, and sometimes 
calcium is oxidised by heating in the air or by pouring it in thin streams through 
heated air, and the resulting mass of oxides is crushed and used as a catalyst, 
with or without partial reduction in hydrogen. 64 

61 The author has made use of a form of flaky nickel derived from nickel carbonyl in hydro- 
genating oils and has found this form of the motal to be satisfactory from the catalytic stand- 
point. 

61 U. S. Pat. 1,043,580, Nov. 5, 1912. 

11 U. 8. Pat. 1,628,190, May 10, 1927, to Raney. Cf. 1,563,587, Dec. 1, 1925. to same 
patentee. Cf. para. 681. 

14 Brit. Chem. A bat 1919 , 480B; Brit. Pat. 309,743, Apr. 20. 1928, to Howards A Sons, 
Ltd., Blagden and Clark. 
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1072. Porous Metal Catalysts. Alloys may be treated with a solvent having 
a selective action. To obtain porous copper brass is treated with sodium hydrox- 
ide: the resulting sodium zincate is dissolved out with hydrochloric acid: the 



Time-bouts. 


Fio. 14a. 

Curves of reduction of nickelous oxide by hydrogen, as determined by Benton and 
Emmett. 44 Curve A shows reduction at 188° C. of the oxide prepared by ignition of nickel 
nitrate at about 400° C. Curve B, similarly prepared oxide, reduction at 208°. Curve 
C, oxide from nitrate in current of nitrogen at 360°. reduction at 188°. Z), reduction at 

260° C. of oxide prepared at 525°. E, reduction at 280° of commercial oxide. 

copper remains in a porous form. Other metals, such as nickel (from zinc and 
aluminum alloys) iron (from ferro-silicon) and tin (from tin-6odium) as well as 
mixtures and the solvent can be used. Porous metals of this kind are catalytic. 18 

14 See paragraphs 1022-1023, page 116, this volume: J. Am. CKrm. Soc., 1924, 46, 2728. 
44 Brit. Pat. application 282,112, convention date Dec. 13, 1926, by I. G. Farbenind. 
A.-G.; Chem. Agt (London), 1928, 18, 160. 
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PREPARATION OF NICKEL CATALYSTS 1 

1100. The methods proposed for the preparation of nickel catalysts may be 
classed as follows: 

1. From massive metal : 

(а) By fine division by mechanical means. 

(б) Colloidal metal by electrical disintegration. 

(c) Turnings, wire and the like, oxidised on the surface and reduced. 

2. By reduction of oxide, hydroxide or carbonate in a current of reducing gas (usually 

hydrogen). 

3. By heat reduction of nickel salt. 

4. By ignition of nickel compound with carbonaceous material. 

5. By heat decomposition of nickel carbonyl. 

6. Use of unreduced (?) nickel salts of inorganic oxygen acids (e.g., borate, metaborate, 
silicate). 

7. Use of nickel boride. 

8. Use of nickel carbide. 

9. Use of nickel hydride. 

10. Specialized use of organometallic nickel compounds. 

11. Replacement of nickel from solution of its salts by other metals. 

1101. Unless incompatible with the nature of the catalytic material, inert 
supports, such as pumice or kieselguhr, may be employed, as may promoters 
usually in the form of other metals. 

1102. At the time of the publication of the earlier editions of this work experi- 
ence had not yet taught which of the numerous methods for producing nickel 
catalysts were really viable. It was therefore necessary to describe each alleged 
improvement in more or less detail. Since that period, however, the art has 
become more static or, at any rate, more stable. It now suffices to illustrate the 
principal methods in each class, laying stress on those which have proved of 
practical value or which seem suggestive. 

1103. When tabulating the methods of preparing nickel catalysts (para. 
1100) an order was adopted which seemed the logical one. In actual practice, 
both in the laboratory and in the factory, the second class (reduction of nickel 
oxide, hydroxide or carbonate in a current of hydrogen) is of great importance. 
For this reason, and especially because many experimental methods are found 
here, we will first deal with this class. 

1 Other metal catalysts are dealt with here, when methods of preparation are oommon to 
them and to nickel catalysts. 
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Preparation of Nickel Catalysts 
Laboratory Methods 

1104. For Hydrogenation in Vapor Phase. (1) Asbestos or pumice, thor- 
oughly cleaned by treating with dilute nitric acid and washing, is ignited. The 
material so prepared is soaked in nickel nitrate melted in its own water of crystal- 
lization. The drained product is calcined at about 300°. It is then placed in the 
tube in which it is to be used and reduced in a current of pure, dry hydrogen at 
350°. The catalyst should be allowed to cool in an atmosphere of hydrogen if 
it is not to be used immediately. 

1106 . (2) The following briquette preparation is recommended by Maxted * for such pur- 
poses as the hydrogenation of benzene. Nickel nitrate is dissolved in distilled water and to 
the solution magnesium nitrate is added in sufficient quantity to give with soda a weight of 
magnesium oxide equal to the nickel in the nickel nitrate. The mixed nitrates are precipitated 
with sodium hydroxide or carbonate, and the precipitate, after being washed with distilled 
water, is spread with a nickel or porcelain spatula, as a layer of about J in. thick, on a clean, 
square sheet of nickel. The moist mass is conveniently divided into squares of suitable size 
by means of a needle mounted in a wooden holder, when it may be dried by the cautious and 
gentle application of a Bunsen flame to the supporting nickel plate. The briquettes are now 
placed in the reduction tube and reduced by a current of hydrogen at 350-400° C. 

1106. For Hydrogenation in the Liquid Phase. A nickel catalyst for use 
in hydrogenating a liquid may be: (1) prepared separately and then mixed with 
the substrate; * or (2) produced in the body of the liquid substrate. In most 
cases the temperature of reduction is higher than the minimum temperature of 
catalytic action. Therefore, the first method is preferred for the preparation of 
catalysts to be used with volatile liquids. 

1107. (1) Separate Preparation, (a) Without support. The oxide, hydroxide 
or carbonate is prepared as before, the first by calcination of nitrate, the others 
by precipitation, washing and drying. A convenient way to effect the reduction 
is to place the dry material in a distilling flask, which must not be more than a 
quarter full. The flask and its contents may be placed on a sandbath and heated 
in a current of pure dry hydrogen at 320°-350° C., with frequent shaking to 
renew the surface for reduction. With a fairly rapid current of hydrogen and a 
300-cc. flask one-quarter full of nickel oxide, two to three hours' treatment will 
produce sufficient reduction. 

(6) With inert support. If it is desired to extend the nickel on a support, the 
precipitation must be done in the presence of from 2 to 10 parts of kieselguhr 
(or other inert carrier) to 1 of metallic nickel, and with constant stirring; the tem- 
perature of reduction should be about 420° C. 

1108. (2) Reduction in the Liquid Substrate. This method is suitable for 
the hydrogenation of non-volatile liquids, such as the fatty oils. In such condi- 
tions the reduction of the oxide takes place at comparatively low temperatures. 
An active catalyst is obtained by reducing nickel oxide in cotton oil at 260° C. 

* Catalytic Hydrogenation, p. 8. 

1 The substrate ia the substance undergoing hydrogenation. 
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1109. Nickel catalysts reduced dry should be allowed to cool in an atmos- 
phere of hydrogen or of carbon dioxide and should be used as soon as possible. 

1110. The methods used or proposed for the commercial preparation of hydro- 
genation catalysts from the oxide, hydroxide and carbonate of nickel do not 
differ in principle from the laboratory processes. Any classification must neces- 
sarily involve overlapping; the following is offered, therefore, as a rough divis- 
ion of the various methods according to their salient features. 

1. Straight reduction in hydrogen. 

2. Reduction in two stages: First at 2 00° -300° and 760 mm.; second, at the same tem- 

perature and at 4-5 atmospheres pressure. 

3. Surface reduction. 

4. Reduction in various liquid (or molted) media, such as paraffin wax, vaseline, fat, 

naphthalene, toluene. 



Photo-micrograph of nickel precipitated in cottonseed oil by the action of hydrogen on 
nickel resinate dissolved in the oil. X 100. 

1111. In the cases where the catalyst is reduced dry some precaution must 
be taken against oxidation. Usually this consists of cooling in hydrogen or in 
carbon dioxide, but it is even better to incorporate the catalyst immediately in 
a protective medium such as wax, fat or hardened oil. 

1112. Mashkilleisson 4 lays down that sodium carbonate and not the hydrox- 
ide must be used for precipitating aqueous solutions of nickel salts in the prepa- 
ration of catalysts for oil hardening. Owing to the obstinate occlusion of sodium 
hydroxide, silicate is formed on reduction and the activity is impaired. Clearly 
this objection applies only to reduction in the dry way in non-metallic roasters. 
As a matter of practice soda-ash is the preferred precipitant — if only because of 
its cheapness. 

1113. Cooling Nickel Catalyst in Carbon Dioxide. 1 Two samples of a nickel catalyst 
prepared in the usual way and cooled in an atmosphere of carbon dioxide were used for the 

4 Oil and Fat Ind. (Russia). 1926, Nos. 4-5, 53; Chem. Zentr ., 1927, I, 2868. 

1 Bag. Maaloboino-Zhirovoyc Delo ., No. 3, 6 (1928). 
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following observation. The first sample was loft exposed to the air for one month, and 0.34 
per cent mixed with 99.66 per cent of cottonseed oil. The second sample was mixed with the 
same oil in the same proportion immediately after the nickel catalyst was prepared. The 
table shows the action of both catalysts. 


Time of 
Hydrogenation 

Temperature of 
Hydrogenation 

Iodine Number 

Sample No. 1 

Sample No. 2 

1 hour 

240° 

79.3 

75.6 

2 hours 

240° 

69.4 

47.6 

2| hours 

240° 

47.4 

36.8 


Because of tho treatment of the nickel catalyst with carbon dioxide its deterioration can 
be considered negligible. 

1114. The number of different kinds of apparatus for the preparation of sim- 
ple nickel catalysts is very large. It would serve no useful purpose to attempt 
an exhaustive description. Typical examples, only, will, therefore, be dealt 
with. 



(Courtesy of John Thompson [Gas Developments ] Ltd.) 
Fxo. 16. 

1116. Preparation of Nickel Hydroxide or Carbonate. This may be effected in the 
apparatus shown in Fig. 16. It consists of two solution tanks, A and B, provided with 
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mechanical or compreesed air agitation. In theso, suitable weight* of nickel sulphate and 
sodium hydroxide or carbonate, respectively, are dissolved and the solutions produced are 
caused to flow into the third tank C, which has a conical or inclined bottom, according to the 
method of agitation employed. In this tank, a sludge of nickel carbonate or hydroxide is 
produced and is pumped by means of a filter pump through filter presses. 

1116. The filter cake of nickel carbonate or hydroxide thus obtained is well washed in 
the press by means of running water and is subsequently removed and dried. 

1117. Two types of drier are employed, of the stationary and of the rotary type respec- 
tively. In the stationary type of drier, the filter cake is subjected to the action of a current 
of warm air in a drying room of special construction. 

1118. The rotary type of drier is of special sendee where quick drying is required. In 
this, the filter cake is continuously broken up by means of massive agitators and is subjected 
during this process to the action of a current of warm air. During the drying operation the 
apparatus is raised to a suitable temperature by means of a steam jacket. 

1119. Reduction of the Dried Catalyst. The nickel carbonate or hydroxide, after 
being thoroughly dried, is subjected to a preliminary grinding operation, by means of which 
it is reduced to an impalpable powder. The ground catalyst is then conveyed to the 
reducing plant. 



1120. The type of reducer employed consists of a welded steel container, which is heated 
to a temperature varying from 300° to 350° C. by means of a surrounding brickwork chamber. 
During the reduction of the catalyst to metal, a current of hydrogen is passed through the 
reducer, and the reduction chamber, which is fitted with an internal agitating arrangement, 
is rotated slowly by means of the gearing shown. 

1121. After reduction, the reduced nickel is allowed to cool in hydrogen, and is mixed 
with a small quantity of oil with special precautions. This cream of oil and catalyst is 
pumped in the required quantities into the hardening vessel, and is there incorporated with 
the main quantity of oil used for hydrogenation. 

1122. An apparatus employed by Kayser • for reducing metallic oxides with hydrogen, is 
shown in side elevation in Fig. 17 and in vertical cross-section in Fig. 18. It consists of a 
rotary drum supported by hollow trunnions, and provided with vanes for agitating the mate- 
rial. The latter is introduced through a manhole. A reducing gas is introduced through 
one trunnion and escapes through the other. Entrained matter is removed from the used 
gas by a trap and water seal. The drum is heated from beneath by gas burners mounted on 
a removable carriage. A jacket surrounds the drum, forming a space through which tho 
products of combustion pass to the stacks at the top. When the charge has been reduced, 
the burner carriage is removed and steam is blown around the drum until tho latter has 
cooled somewhat. Finally, water is sprayed on the drum for a brief period and the cooled 
contents are then removed. 


• U. S. Pat. 1,134,745, April 0, 1915. 
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1113 . Lane has devised an apparatus and process for the industrial preparation of cata- 
lyst. 7 A metallic circular air-tight pan is provided with a vertical shaft, carrying two arms, 
which are curved helically in a horizontal plane. The arms carry sliding teeth, which rest 
on the bottom of the pan, and the shaft may be rotated in either direction, so that the material 
in the pan may be forced outwards or inwards as desired. The material is fed from a hopper, 
provided with an oscillating valve, and finally discharged through a column. The pan is 
heated by an annular burner ring. Oil or other coating substance for the catalyst is first fed 
into the apparatus to seal the lower outlet of the column, and a reducing gas is injected 
through a pipe. The raw material is then fed from the hopper, and heating is continued till 
water ceases to be condensed in the condenser. The rotation of the shaft is then reversed, 
and the material thereby collected towards the center of the pan and discharged into the 
coating liquid. The apparatus is applicable for the manufacture of finely divided reduced 
nickel lor the production of stearin by hydrogenation of oils* 



1114 . On the large scale the manufacture of catalyzers by reduction of the oxide 
of a metal in a current of hydrogen has been found to bring with it a train of difficulties. 
A method of reducing catalyzer in a continuous manner • which simplifies the operation to a 
considerable extent is shown in Fig. 19. A charge of the material to be reduced is fed from 
the hopper and feed arrangement into a scrios of horizontal parallel conveyors 1, 2, 3 and 4, 
into which a current of hydrogen gas is introduced by the pipe 5. These conveyors connect 
one with another alternately so that the material travels in one direction through a given 
conveyor, then falls into the conveyor beneath and travels in an opposite direction. At the 
same time the material is heated to the proper temperature of reduction and throughout its 
travel is in contact with a counter-current of hydrogen. Thus, the more nearly reduced 
material is constantly progressing into a zone of purer hydrogen, while the fresh raw material 

7 Brit. Pat. 115,924, June 11, 1917. 

• 1918 , 297A. 

•Ellis, U. S. Pat. 1.078,541. Nov. 11. 1913. 
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meets hydrogen charged with steam. In this manner conditions of reduction are so facilitated 
that the use of a great excess of hydrogen to remove the steam does not become necessary. 
After the catalyzer has been reduced it may be mixed with oil in another conveyor and be 
subsequently carried to a grinder or beating apparatus where the coarser particles are broken 
down. Another form of catalyzer reducing chamber is shown in Fig. 20 and consists of a 




closed chamber equipped with a stirrer and with a conveyor to remove the reduced material. 1 * 
1125. Morey and Craine 11 describe a form of apparatus for making catalytic material 
which comprises in its main features an inclined tube or conduit through which the catalytic 
raw material flows downwardly, either by gravity alone or by gravity assisted by a jarring or 


10 Ellis, U. S. Pat. 1,084,202, Jan. 13. 1914. 

11 U. 8. Pat. 1.167,915, Jan. 11, 1916. 
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shaking action, and through which the gas flows upwardly, the tube or conduit being heated 
in any suitable manner, for instance, by direct flame, superheated steam or electrical current. 

1116 . In Fig. 21 is shown a side elevation of this apparatus. 10 represents the inclined 
tube in which the material is subjected to the action of a reducing gas, and to the upper end 
of which the raw material is supplied from a feed reoeptable 11 by a flexible pipe 12. This 
inclined tube is supplied with gas from a gas holder 13 by means of a flexible pipo 14 which is 
connected with the lower portion of the tube. The treated material is discharged from the 
lower end of the latter into a cloeed receptacle 15 by a flexible pipe 16 without exposure to the 
atmosphere. The gas escapes from the upper end of the tube and is conducted by a flexible 
pipe 17 to a scrubbing apparatus 18 in which objectionable matters are separated from the 
gas and from which the purified gas is returned to the gas holder 13, to which fresh gas is 
supplied as may be necessary. Circulation of the gas through the apparatus is maintained 
by a pump 27. The inclined tube or conduit is heated to a reducing temperature. When 
diatomaceous earth impregnated with nickel hydroxide is treated, a temperature of about 
550° F. is preferred. The treating tube may be inclined at such an angle, usually about 42°, 
that the material will flow through the tube by gravity, or as shown in the illustration, the 



tube may be inclined at a less angle and a jarring or shaking mechanism be provided for caus- 
ing the material to flow properly. As shown, the carrying frame for the tube is movably sup- 
ported by a hinge at its lower end and rests at its upper end upon a rotating cam. 

1117 . An apparatus employed by Wilbuschewitach, 1 * Fig. 22, for the reduction of nickel 
compounds consists of a cylindrical drum b mounted to rotate on rollers m and provided with 
a heating jacket o. The material is charged into the drum through an inlet opening n. To 
one of the end plates of the drum a tubular shaft c is secured which, with its free end, is guided 
in a stuffing box k supported in a lateral stud of a tubular receptable d. On the shaft a spur 
gear q is mounted which is in mesh with a pinion adapted to be rotated by means of a belt 
pulley r. By means of the gearing q* t q the drum 6 is slowly rotated, and during such rotation 
it is heated to about 500° C. Hydrogen is then forced into the drum through a pipe a located 
coaxially within the hollow shaft c and connected at one end to a tube i. The hydrogen is 
passed through the material to be reduced, and from the latter it is successively conducted 
through an automatically operating du*t collector 9 connected to the retort, a cooling worm / 
and purifying vessels < 7 , o' containing respectively acid and caustic soda lye, or a similar 
purifying medium. After thus being regenerated it is returned by means of a pump h. The 
water produced by the reduction is condensed in the coil / and is dropped from the coil / into 
the vessel d from which it is withdrawn through an overflow «. The dust collector 9 by means 


11 U. S. Pat. 1,029,901, June 18, 1912. 
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of which the hydrogen escaping from the drum is prevented from carrying along particles of 
dust is constructed in the form of a worm conveyor l. The dust moves through the hollow 
shaft c in the direction of the gas flow and owing to the difference in the speed of the gas and 
dust the latter is deposited on the bottom of the shaft c, and is conveyed back into the retort 
by the worm l. 

1128. Filtration Apparatus for Washing Nickel Catalyst. 11 An open container is pro- 
vided with a discharge pipe and valve leading to a second container. Close to the bottom 
of the first container are two perforated plates carrying a filtering cloth, the catalyst and solu- 
tion above the plates being mechanically agitated. The drum-container, provided with an 
level-gauge, is connected to a vacuum pump and discharges into a third container. 14 It is not 
clear whether this is meant, as stated, for washing the catalyst or, as seems more probable, 
for washing the carbonate or hydroxide before reduction. 



Fxo. 22. 


1129. Reynolds 16 notes that the danger of explosion when using hydrogen 
to reduce catalytic raw material is a serious menace because the reduction of the 
material being treated is usually effected in a drum or cylinder that is heated by 
a flame and the slightest defect in the drum would permit the escape of hydrogen 
into the flame with disastrous results. 

1130. Instead of hydrogen, Reynolds finds ammonia may be used, or even carbon mon- 
oxido if rendered non-inflammable by admixture with an inert gas. Also it is possible 
to mix hydrogen with inert gas so that it is rendered non-explosive. This inert gas may 
be either carbon dioxide or nitrogen or a mixture of both, their proportions being immaterial 
so long as the percentage of reducing gas does not reach the explosive point. Reynolds 
states that even 5 per cent is non-explosive. He thinks that the inert gas tends to envelop 
the reducing gas in the mixture so that it is rendered non-explosive but does not combine 


13 Russ. Pat. 2364, 1925, to Sosenski. 

14 Brit. Chem. Abat., 1928, 877B. 

11 U. S. Pat. 1,210,367, Dec. 26, 1916. 
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with it to change its reducing quality in any degree. While ammonia may be used alone, it 
may be also mixed with the inert gas. The preferred mixture is nitrogen, carbon dioxide and 
carbon monoxide and a method of making it is to draw air through burning coke in a closed 
container; washing the resulting product and then conducting it into the reducing drum. The 
air after passing over the coke becomes a mixture of gases containing approximately 78 per 
cent nitrogen, 20 per cent carbon dioxide, and 2 per cent carbon monoxide. This mixture 
is stated to be efficient as a reducing agent, is cheap to make and is non-explosive. The 
resulting catalyzer may be exposed to the atmosphere for about thirty minutes without 
detriment to its catalytic properties. 

1131. Reynolds' process, however, never received much consideration indus- 
trially, despite an occasional explosion when reduction in the dry way was 
employed. For a number of years after the commercial beginnings of oil hard- 
ening, dry reduction by passing hydrogen through heated cylinders or drums 
containing the catalyst, in the making, was practiced almost exclusively. Much 
effort was expended in the design of apparatus which would eliminate some defect 
observed in earlier equipment. The pyrophoric nature of reduced nickel caused 
many failures. In one plant which the author visited during infant years of 
the oil-hardening industry workmen in the catalyzer department were just 
recovering from their surprise arising from the rather disastrous or at least 
astonishing results of opening a heated reduction cylinder, thereby allowing air 
to rush in over a great mass of pyrophoric nickel. In another plant the author 
found fairly large-scale equipment had been set up for hydrogenation. No pro- 
vision had been made, however, for the safe transfer of catalyst from the reduc- 
tion chamber to the oil. The equipment had been designed and erected on the 
basis of laboratory experiments which had been conducted at the plant. When 
ready for operation the catalyzer could not be produced in an active condition 
and as a result the plant had been abandoned. At the time of the author's visit 
the chemist in charge was still puzzling over the mystery of this uncatalytic cata- 
lyst. When conducting experiments in the laboratory he had reduced the cata- 
lyst in a small tube, which was then up-ended over a quantity of oil and the 
transfer of the catalyzer was thus made so rapidly that a part at least of its 
activity had been preserved. The slower operations of transfer on plant scale 
failed to duplicate the laboratory experiments in this respect, with the conse- 
quence that the catalyst was rendered inactive. These illustrations are given 
as an indication of the groping along dark ways which confronted the practical 
investigators of the early days. 

The instability of the dry-reduced catalyst due to its pyrophoric tendencies 
led to the “ sweeping out,'' treatment after reduction had been completed, by 
flushing the reduction apparatus with an inert gas, usually carbon dioxide or 
nitrogen, to remove the hydrogen which had been occluded by the nickel. The 
removal of the occluded hydrogen eliminated pyrophoric oxidation, but this 
step and various others necessitated by the exigencies of plant operation gave rise 
to the employment of complicated reduction apparatus, seemingly wholly out of 
line with the rather simple steps involved in dry reduction on the laboratory scale. 

1132. A tremendous advance in simplicity of catalyst production and freedom 
from the hazards of explosion due to pyrophoric oxidation was made when the 
method of wet reduction was developed and introduced. By wet reduction as 
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distinguished from dry reduction we refer to the step of forming the catalyst in 
oil or other protecting medium. With the industrial introduction of the wet 
process another nuisance, namely, the physiological action of nickel dust dis- 
appeared. In carrying out reduction by the dry process on a large plant scale it 
was found hard to suppress the escape of nickel dust into the air of the catalyzer 
reduction room. The inhalation of nickel dust was found to have a bad effect 
on workmen. Wet reduction with its freedom from dust therefore was welcome. 

1133. For a considerable period after the convenience of wet reduction 
became appreciated, nickel formate was extensively used as the raw material 
for preparing the catalyst. Although other organic salts of nickel were available, 
still the formate was not only easily prepared but also left no organic residues on 
reduction, advantages which were sufficient to make nickel formate the vogue 
for a period of years. After the tribulations and uncertainties of dry reduction, 
the formate catalyst was hailed as a blessing. To prepare the catalyst well- 
ground nickel formate simply was heated in oil at 240°-250° C. and hydrogen 
passed through, yielding a finished catalyst in a period of time expressed in min- 
utes compared with the hours of processing required in dry reduction. 

1134. Although a part of the nickel formed by the decomposition of nickel 
formate possesses colloidal properties, the problem of filtration was not a serious 
one, as it was found that by the addition of a bulking or filtration agent, such as 
fuller's earth or kieselguhr, the nickel would be retained satisfactorily in the 
filter press. To avoid imparting a clay taste to the oil silex sometimes was used 
as a bulking agent. 

1135. If one is to criticize the nickel formate process in any respect the 
temperature of the reduction 240°-250° C. in oil perhaps should be mentioned. 
Suppose, for example, a plant is hardening cottonseed oil, and in order not to 
introduce any foreign oil into the charge to be hydrogenated likewise employs 
cottonseed oil as the medium in which the nickel formate is to be reduced. The 
reduction temperature is so high that the oil is slightly “ scorched ” and this 
impairment of flavor and color makes filtration of the nickel necessary if the plant 
is hydrogenating oils for edible purposes. That is, the batch of nickel concen- 
trate in oil cannot be put directly into the hydrogenating tank charged with oil 
to be hardened, but must first be freed of the scorched oil by filtration and wash- 
ing with fresh oil. To that extent the nickel formate process was troublesome. 
Of course when a plant was producing hydrogenated oils for various other pur» 
poses than to supply the edible field the entire concentrate containing the 
scorched oil could be introduced into the batch ready for hydrogenation. 

1136. A lower temperature of reduction by the wet method therefore was 
contemplated which would eliminate the objection of introduction of a small 
proportion of scorched oil into a large batch of oil ready for hardening. There 
was needed a nickel compound which would become actively catalytic at the 
temperature of oil hardening, or approximately 180° C. Demand also would be 
made that such a catalyst should possess longevity in order that it might be used 
repeatedly. Such a catalyst was found, not in a simple nickel compound but in 
a nickel copper product. Copper alone has very weak hydrogenating powers on 
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vegetable oils, so weak indeed that its employment as the sole catalyst would 
be out of question for industrial purposes. Basic compounds of copper, such as 
the hydrate and carbonate as well as various organic salts such as the formate, 
however, possess the very valuable property from the present standpoint of under- 
going reduction at a temperature lower than the corresponding nickel bodies. 
Furthermore, reduced copper catalyzes the reduction of nickel compounds and 
enables them to be formed at a temperature lower than normal. 

1137 . The observation was made that the presence of copper would permit 
nickel to undergo reduction at about 180° C., that is, at the customary tempera- 
ture of industrial hydrogenation of most vegetable oils. The use of a catalyst to 
make a catalyst accomplished a decided step forward in the field of commercial 
hydrogenation. Precipitated nickel carbonate previously had been used in wet 
reduction, although the temperature required was high. Since this temperature 
was higher than that required for nickel formate there was a greater degree of 
oil scorching, nevertheless nickel carbonate had its advocates. Cheapness per- 
haps was the especial recommendation for nickel carbonate. With the arrival 
of a recognition of the effect of copper as an aid to the reduction of nickel com- 
pounds use was made of a mixture of nickel and copper carbonates which satis- 
fied the requirements of cheapness and ease of reduction at normal oil-hardening 
temperatures. 

Such a mixture of carbonates may be easily prepared by precipitation of a 
solution containing nickel and copper sulphate by a solution of soda ash then wash- 
ing and drying somewhat; although complete drying is not necessary and possibly 
not even desirable. The elimination of the last portion of the water during 
actual reduction in the oil is thought to be advantageous in engendering a greater 
spread of active catalytic surface. Copper is generally used in a minor propor- 
tion. One part of copper to four parts of nickel is fully adequate to initiate the 
reduction of basic nickel compounds at 180° C. 

1138 . To save the time which would be consumed in preparing the precise 
amount of catalyzer required for each charge of oil, it is customary to make a 
concentrate of reduced nickel and copper in oil of the same grade which is being 
hardened and to add this catalyzer-concentrate to the charge in the proportion 
which supplies the requisite content of nickel. This is usually one to two parts 
of nickel per thousand parts by weight of oil, the proportion increasing as the 
catalyst weakens through repeated use. Loss of catalyzer during filtration and 
handling is compensated by the addition of fresh quantities of the catalyzer- 
concentrate. When oils have been well refined and therefore are quite free from 
catalyzer poisons a catalyst may be used repeatedly merely by fortification from 
time to time with small additions of the fresh concentrate. 

1139 . The subject matter of the paragraphs immediately preceding (paras. 
1131-1138) will be further discussed elsewhere in this volume. The development 
of nickel catalysts industrially gives rise to comment by the author on the seem- 
ing hindrance to advancement chargeable to vapor phase hydrogenation. Saba- 
tier fostered hydrogenation in the vapor phase, naturally using for the purpose a 
catalyzer which had been made by dry-reduction. Normann, following the 
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teachings of Sabatier, put similar dry-reduced catalyst in a liquid (unsaturated 
oil) and found that the activity of nickel manifest in the vapor phase also was 
exhibited when such nickel was immersed in the liquid. In other words, hydro- 
gen was added to the oil. The industry of oil hardening thus began, but with 
the handicap of a dry-made catalyst. Although simple enough to make in the 
laboratory, there appeared no end of woes when attempting to prepare this same 
catalyst on the large scale. When, finally, industry perceived that wet rather 
than dry reduction was the most fitting solution of liquid phase hydrogenation 
from the catalyzer standpoint, a substantial economy in operating costs and a 
great simplification in plant practice was achieved. 

1140 . This development did not proceed without its disputes of priority. A number of 
interferences arose in the United States Patent Office. Those between Wimmer and Higgins 
vs. Ellis and Hausamann vs. Ellis (see para. 1171, footnote 47) resulted in an award of priority 
to Ellis. Subsequently a four-party interference was declared between Morrison, Granich- 
stadtcn, Wimmer and Ellis. The interference covered the subject matter, broadly, of produc- 
ing a metal catalyzer by subjecting a heated mixture of oil and a substantially non-catalytic 
reducible nickel compound to the action of a reducing gas. The parties Morrison and 
Granichstadten were dropped from the interference, since their dates of conception of the 
subject matter were subsequent to the date of filing of Wimmer. An appellate tribunal finally 
held that Ellis was the prior inventor and the broad claims were granted to him. Patents 
have now been granted on all the applications involved in this interference as follows: H. J. 
Morrison (assignor to The Hydrogenation Company), 1,299,004, Apr. 1, 1919; E. Granich- 
stadten, 1,314,642, Sept. 2, 1919 (later assigned to Chemical Foundation); C. Ellis, 1,369,013, 
Feb. 22, 1921; K. Wimmer (assignor to Hydrogenated Oil Company), 1,416,249, May 16, 1922. 

1141. Crystalline Nickel Catalyst for Low Temperature Operation. An edi- 
torial in the Journal of the Society of Chemical Industry , June 24, 1927, describes 
a method of producing a nickel catalyst active at low temperatures. 16 The 
special virtue of this catalyst is said to be due to its crystalline form and this is 
produced by extremely slow precipitation of the carbonate. The carrier (e.g., 
silica gel powder) is suspended in a dilute solution of nickel nitrate and a very 
dilute solution of sodium carbonate is added drop by drop during a period of 
eight hours, the liquid being maintained at 70° C. The precipitate on the 
carrier after filtration, wasting and drying is heated slowly in hydrogen to 
420° C. This new catalyst is so active that it gives a 95 per cent yield of isopropyl 
alcohol from acetone at 40°-70° C. It is hoped that the iso-oleic acid avoidance 
problem may be solved by the use of this catalyst in the oil hardening industry. 
Highly active catalysts are, however, usually excessively sensitive to poisons. 17 

1142. Precipitation of Catalytic Metals by More Electropositive Metals. 
Nickel, copper and cobalt are precipitated in a condition suitable for catalysis 
by addition of iron, zinc or aluminum, to the aqueous solution of salts. This 
may be done in presence of a non-metallic carrier. If the solution is alkaline 
the oxide of the electropositive metal is precipitated with the nickel, cobalt or 
copper and this, in some instances may act as a promoter. Catalysts so pre- 
pared may be used for the hydrogenation of organic compounds. 18 

11 U. S. Pat. 1,695,666, Dec. 18, 1928, to Schirmacher, Stolz, Schlichenmaier and Krohs: 
aaaigned to the I. G. Farbenind. A.-G. 

17 Cf. Brit. Pat. 255,884 and Swiss Pat. 127,157, July 20, 1926; Chem. Ab*t. % 1929, 23 , 1227. 

16 Brit. Pat. 281,218, Nov. 27, 1926, to I. G. Farbenind. A.-G. Cf. U. S. Pat. 1,451,113, 
1923, to Richter. 
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1143. The precipitation of catalytic metal (e.g., nickel) by means of a more 
electropositive metal (e.g., zinc or aluminum) in presence of an organic base or 
acid amide is used to prepare hydrogenation catalysts. Hydrogen may be used 
preferably with a metal. Inert carriers maybe present. 19 Thus nickel chloride 
is dissolved in water and mixed with ammonium chloride and strong ammonia. 
Diatomaceous earth and aluminum powder are stirred in, causing the nickel to 
be reduced. Other bases available are: urea, aniline, toluidine, pyridine, methyl- 
amine, piperidine, and hexahydro aniline. 

1144. Catalytic Metal Precipitated by Lower Oxide of Silicon. 10 Catalysts for 
hydrogenation may be prepared by reducing metals from their salt solutions by 
silicon-oxygen compounds of a lower degree of oxidation than SiOj, at low or 
moderate temperatures. Such a catalyst, made from nickel acetate, is suitable 
for the reduction of nitrobenzene to aniline, nitro-naphthalene to amino-naphtha- 
lene, crotonaldehyde to w-butylaldehyde, cinnamic aldehyde to hydrocinnamic 
aldehyde, oleic acid ester to stearic ester and others. Zinc, gold, tin, silver, cobalt, 
lead, thallium, bismuth, osmium, iridium, copper, platinum and palladium cata- 
lysts are made in a similar manner. 11 

1146. Metal Catalysts Precipitated by Hydrogen under Pressure. 11 Metal- 
lic catalysts such as nickel, cobalt, and copper, or mixtures of these, may be 
made by precipitation from their ammoniacal solutions by the action of hydro- 
gen or a gas containing hydrogen, under pressure, in the presence or absence of 
a carrier. The precipitation may be accelerated by the presence on the carrier 
of a metal having a catalytic action such as nickel, cobalt, or copper. 

1146. Metallic Catalysts Made under Pressure. 11 Metallic catalysts may 
be prepared at low temperatures by the combined use of a catalyst and high 
pressure. Finely divided metals are obtained by reducing an oxide, hydrate, or 
salt, with hydrogen in presence of a catalyst at a low temperature. Thus a mix- 
ture of kieselguhr with precipitated salts of copper, nickel, or cobalt is heated 
with hydrogen to 40 o -100° C., under a pressure of 20 to 40 atmospheres. 14 

1147. Working under high hydrogen pressure and at high temperatures 
Ipatiev reduced metals from their salts in aqueous solution. 16 

1148. Nickel Metaborate a Catalyst. Schoenfeld 16 states that nickel borate 
heated to 300° C. in an atmosphere of hydrogen loses water and becomes nickel 
metaborate. This product is a gray substance and is an active catalyst. The 
analytical figures are held by Schoenfeld to prove the composition. Other work- 
ers dispute this conclusion and consider that the so-called “ metaborate ” is a 

,f Brit. Pat. 286,123, May 6, 1927, to the I. G.; Chem. Age (London), 1928, 18, 304; Swiss 
Pat. 127,516, Mar. 26, 1927, to the I. G.; Chcm. Abst., 1929, 23, 1226. 

10 Brit. Pat. 301,577 to Imray (from I. G. Farbonind. A.-G.), Sept. 19, 1927, French Pat. 
641,652, Sept. 29, 1927, to I. G. 

11 The silicon compound to which reference is specifically made is known as “oxydisilin” 
(JBrit. Chem. Abst., 1929 , 122B). 

“Brit. Pat. 282,410, Dec. 14, 1927, addition to 281,218, to I. G. J.S.C.I. Suppl ., 
June 22, 1928, 452. 

11 Brit. Pat. application 293,749, by I. G. (convention date July 11, 1927). 

u Chem. Age (London). 1928, 19 , 243. 

“ J. Russ. Phys. Chem. Soc., 1909, 41 , 769; Chem. Abst., 1910, 4 , 7. 

19 Sei/en. Ztg., 1914, 945. 
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mixture containing metallic nickel, boron oxides, etc. Normann 87 claims to 
have demonstrated the presence of metallic nickel. Working with Rack, Erd- 
mann 88 characteristically discovers the suboxide and attributes to it the cata- 
lytic activity observed by Schoenfeld. 

1149. In Ellis's laboratory nickel sulphate solution was treated with sodium metaborate. 
The precipitate was dried at 100° C. and dehydrated in hydrogen at a higher temperature. 
The product was found to give results in the hydrogenation of cottonseed oil as reported by 
Schoenfeld. 

1150. In describing a hydrogenation catalyst made of a nickel salt of an inorganic acid 
not volatile at the temperature of hydrogenation, the significant remark is made that it is 
preferable to heat the catalyst in a current of hydrogen before use.® 

1151. Normann 50 refers to hydrogenation by means of organic nickel salts such as the 
formate, acetate, stearate and oleate as only a special case of use of metallic nickel cat- 
alyzer since formation of the metal always occurs before hardening takes place. 11 In fact, 
the liberation of organic acids in a state of purity is secured in many cases by passing hydro- 
gen into the corresponding salt of nickel, 12 affording a technical process for the preparation of 
pure concentrated organic acids. It also is known that inorganic salts of nickel can be 
reduced by hydrogen to the metallic state, 11 and that catalyzers have been prepared by the 
reduction of inorganic nickel salts. 14 It is to be expected that nickel borate would be broken 
down to a greater or less degree into metallic nickel and free boric acid on heating in a stream 
of hydrogen. This decomposition actually occurs, yet when reduction takes place below 
300° but very little boron trioxide volatilizes. On heating nickel borate in an electric furnace 
at 300° in a current of air, some boric acid sublimes and the borate turns to a deeper shade of 
green. Water hydrolyzes the borate, forming free boric acid and nickel hydroxide. Nickel 
borate was heated in a current of hydrogen for one-half to three-quarters of an hour at tem- 
peratures ranging from 300° to 400° C. The product reduced at 300° was used to hydrogenate 
cottonseed oil and in three hours’ treatment at 170° to 180° C. the iodine number was reduced 
from 108 to 104.5. By reduction of the borate at 350° an iodine number of 101.4 was obtained 
under otherwise similar conditions. The borate reduced at 400° was considerably darker in 
color, and cotton oil treated with it exhibited an iodine number of 47.7. No hydrogenation 
of the oil was perceptible when using nickel borate without previous reduction. 

1162. In order to show the presence of free metallic nickel in this borate catalyzer the 
carbon monoxide method 14 was applied. It was found that free boric acid prevented the 
reaction between carbon monoxide and nickel. Accordingly the reduced and cooled borate 
was introduced into water (in an atmosphere of carbon dioxide to prevent contact with 
oxygen), the mixture warmed on the water-bath and filtered in such a manner as to avoid 
contact with air. The precipitate, thus freed of boric acid, was dried in hydrogen below 
100° C., and after drying was exposed to carbon monoxide. The gaseous products of reac- 
tion were passed through a heated tube of glaas and the rate of formation of a nickel mirror 
noted. The borate reduced at 300° and 350° quickly yielded a slight but distinct nickel 
mirror, while the product reduced at 400° formed a heavy mirror. This is considered proof 
of the presence of metallic nickel in the reduced borate and the former only is responsible for 
hydrogenation. 14 

1163. The catalytic activity of the compound was determined in the following simple 
manner: One hundred to 200 g. of the oil with 1 per cent of the nickel borate were placed in a 
flask of about J-liter capacity and were heated to 160° to 180° C., while hydrogen was passed 
through the oil. After the hydrogen was introduced in this manner for a short time the con- 

17 Seifen. Ztg. % 1915, 46-47. 

® Seifen. Zlg. t 1915, 3. 

“French Pat. 470,364, Mar. 28, 1914; Swed. Pat. 41,331, Sept. 13, 1916, to G. MQller 
Speisefottfabrik A.-G.; cf. Brit. Pat. 148,111, July 8, 1920; Chem. Abat ., 1921, 185. 

30 Seifen. Ztg., 1915, 46-47. 

11 Meigon and Bartels, Joum. prakt. Chem., 1914, 89, 290. 

12 Ger. Pat. 217,846. 

11 Gmelin-Kraut V. 1, 23. 1909. 

14 Joum. of Goa Light , 1, 7, 13, page 31. 

15 Chcm. Ztg., 1915, No. 6 and No. 7/8. 

14 See also Normann and Schick, Arch. Pharm., 1914, 252, 208. 
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tents of the flask acquired a grayish color as the result of the fine distribution of the catalyzer 
in the oil. Hydrogen was applied for two and one-half to three hours and the oil then filtered 
through paper. The residue of the catalyzer was extracted with ether and benzene until 
supposedly free from oil, but on treatment with dilute mineral acids, oily drops separated. 
It was, therefore, concluded that during the hardening some of the free fatty acid preeent 
in the oil combined with nickel, forming a metallic soap with liberation of boric acid. To 
ascertain if this were the case 5 g. of the used catalyzer were dissolved in dilute hydrochloric 
acid and the oil which separated was extracted with ether and purified. The oil obtained 
was yellowish in color and contained about 50 per cent of free fatty acid corresponding to an 
acid number of 98. The acid number of the original oil was 0.3. After the hardening opera- 
tion the nickel borate was found to contain less boric acid than corresponded to the original 
formula. 


Analysis of Nickel Borate Used fob Hardening 



NiO 

B,Oj 

1. Used once 

42.07 

28.3 

2. Used twice 

44 3 

33.84 

3. (a) Used once 

43 5 

34.9 

(6) Used twice 

43.88 

33 5 

(c) Used three times 

45.5 

29.42 


In experiment (3) an endeavor was made, by careful drying of the hydrogen, to reduce 
the formation of fatty acid to a minimum. The same mass of catalyzer was used four to six 
times for hardening without any diminution of its activity. From the following observations 
Schoenfeld concluded that catalysis was due to nickel borate alone and not to the small 
amount of nickel soap present for the reason that (1) the temperature of 160° to 180° was 
regarded as insufficient to cause nickel soap to become active; (2) the amount of the latter 
was too slight to effect any considerable change, and (3) if the nickel soap wero responsible for 
hydrogen addition the activity of the nickel borate catalyzer would increase with repeated 
use as a result of the increase in the amount of nickel soap. Schoenfeld found that as the 
content of nickel borate is reduced the activity of the catalyzer correspondingly diminishes. 
Various oils were treated with the borate catalyzer, including cottonseed, rape, linseed, soya- 
bean and whale oil, and satisfactorily hardened products obtained. In one experiment made 
by Schoenfeld 200 g. of cottonseed oil were mixed with 2 g. of nickel borate and heated for 
three hours at 160 to 170° in a stream of hydrogen. The solidifying-point of the hardened 
oil was 38° C. By longer action of the hydrogen a solidifying point of 47° was obtained. 
The application of pressures of } to 1 atmosphere somewhat improved the reaction so that in 
two hours linseed oil, for example, was converted into a fat of the consistency of tallow with 
a solidifying-point of 38°. The hardened oils which Schoenfeld prepared by means of nickel 
borate possessed a pure white color and the acid number was not increased by the hardening 
treatment. Schoenfeld regards nickel borate especially desirable as a catalyzer because it 
appears that the ordinary catalyzer poisons such as sulphur do not affect the activity of the 
borate. Schoenfeld in fact added sulphur to cottonseed oil and claims no detrimental effect 
was incurred thereby. He summarizes the advantages of using nickel borate, as follows: 
The hardening occurs at a relatively low temperature (160° to 180° and in most cases between 
160° to 170°). The application of gas under pressure is not necessary, and the hydrogenation 
can be carried out in very simple apparatus. The lack of sensitiveness to catalyzer poisons 
and the ability to use the nickel borate repeatedly also are advantages. 

1164 . Erdmann and Rack* 7 carried out various tests with nickel borate which led them 
to regard Schoenfeld's conclusions as unreliable. It was noted that Schoenfeld used Kahl- 
ba urn’s nickel borate containing slightly more nickel than corresponded to the formula 
NiO BjOj on linseed oil and also on the easiest of all fatty oils to harden, i.e., refined cotton 
oil. No hydrogenating action was observed with either hydrated or anhydrous nickel borate 
at a temperature of 175° C. Green nickel borate was heated for one-half hour at 330° to 
340° C., in a stream of nitrogen. Four grams of this borate material was introduced into 
400 g. of cotton oil which previously had been heated to 100° C. The temperature was raised 

91 Sei/cn. ZtQ. % 1915, 3. 
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to 175° C. and a stream of hydrogen at the rate of 20 liters per minute was passed through 
the oil for three hours. No hardening occurred. Linseed oil gave the same results. Green 
nickel borate was heated in hydrogen at 300° to 305° C. for one-half hour, and during this 
treatment the color of the material changed from yellowish-brown to gray. An aqueous 
solution of phosphomolybdic acid was colored blue on standing with some of the gray product. 
Cotton oil treated for nine and one-half hours with this hydrogen-treated material hydro- 
genated only slightly, indicating very weak hydrogenating power. 

1150 . A quantity of the borate was exposed to hydrogen at a temperature of 340° and a 
dark gray product obtained. Under the same conditions except in an atmosphere of nitrogen 
a yellowish-brown material resulted. While the latter material was neither magnetic nor 
reactive with phosphomolybdic acid, the dark gray product was attracted by a magnet and 
colored phosphomolybdic acid strongly blue. Some of the gray product was pressed to form 
a block and a current of electricity at 80 volts used to test its electrical conductivity. No 
passage of the current could be detected when employing a sensitive mil li ampere meter, from 
which Erdmann concluded that no metallic nickel, but nickel suboxide, was present. On 
treatment with dilute mineral acid hydrogen was evolved in an amount corresponding to 7.4 
per cent nickel suboxide (Ni*0). 

1166 . Four grams of the dark-gray product wore mixed with 400 gs. of edible cotton oil 
and on heating to 175° to 180° C., a hydrogen stream (20 liters per minute) was passed through 
the oil for three hours when the solidifying-point of the latter was found to be 31.8° C. The 
catalyzer distributed well through tho oil in the manner characteristic of nickel suboxide 
and due, it is stated, to the formation of an organosol. The recovered catalytic agent did 
not exhibit any electrical conductivity. Five hundred grams of cotton oil were heated to 
125° C., 15 g. green nickel borate were added and the temperature was then raised to 260°. 
A stream of hydrogen was passed through the oil for five hours, and the oil was found to be 
hydrogenated to a solidifying-point of 31.8°. 

1167 . As is known, boric acid is a very weak acid body and tho salts of mono- and tri- 
baaic boric acid are, therefore, very unstable. Salts of the nature of borax derived from 
tetra boric acid are more stable. On heating nickel borate NiO BjOi to 300° it is likely that 
nickel oxide and tetra borate form according to the equation 2NiB a 0 4 = NiB 4 0 + NiO. By 
treatment with hydrogen for one-half hour at 300° or even at 340° C., nickel suboxide, not 
metallic nickel is stated to be formed. While pure nickel oxide is readily reduced to tho 
metallic state by hydrogen at 300° C., this is held not to occur in the presence of boric acid, 
which acts to retard reduction. This acid belongs to a class of bodies which so hold back the 
reducing reaction that either resort must be had to higher temperatures to secure the metal, 
or the intermediate suboxide phase obtains according to circumstances. 

1158 . Summary. 1. Neither hydrated nor anhydrous nickel borate has proved active 
as a fat-hardening catalyst at a temperature of 175° C. 

2. By heating nickel borate in hydrogen at 300° to 340° C., a partial reduction to tho 
suboxide of the nickel oxide present in the borate occurs. Due to the presence of tho sub- 
oxide, the material subdivides in fatty oils and acts catalytically at 175° although loss effec- 
tively than pure nickel suboxide. 

3. If a fatty oil is heated with green nickel borate to 260° C., and treated with hydrogen, 
decomposition occurs with formation of nickel oxide and suboxide, and these products act as 
hydrogen carriers in the same manner as the decomposition products of organic nickel salts 
such as nickel acetate have been observed to function.® It is claimed by Erdmann and Rack 
that Schoenfeld is in error in ascribing the hydrogenation of fats when using nickel formate, 
acetate, etc., to the agency of metallic nickel, as nickel oxides are considered responsible for 
the reaction. 

4. No advantages over nickel oxide have been found in nickel borate. The low tem- 
perature of hardening observed with the latter is merely a consequence of the prior formation 
of nickel suboxide. The property of tho latter to act as a hydrogen carrier at a temperature 
below 200° C., was already known. The advantages ascribed to nickel borate by Schoenfeld, 
namely, that no hydrogen pressure above atmospheric is required, hence the hydrogenation 
process may be carried out in very simple apparatus, the slight degree of sensibility to cata- 
lyzer poisons, the ease of separation of the hardened product from the catalyzer, the ability 
to use the catalyzer repeatedly, are all features of value applicable to the nickel oxide process 
as pointed out in Ger. Pat. No. 266,438 and elsewhere. Nickel borate possesses the practical 
disadvantage that it affords nickel oxide loaded with material of no value in the hardening 
process. 

*Joum. prakt. Chem. (N. F.), 87, 449 and 452. For the question of nickel suboxide see 
Chapter XII. 
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1159. Schoenfeld * discusses the observations of Bosshard and Fischli 40 who, Schoen- 
feld notes, on the basis of an experiment with oleic acid, have stated that in the hydrogena- 
tion of oils in presence of nickel borate, catalytic action comes into play only after the borate 
is decomposed. 

1160. Schoenfeld points out that his conclusions in regard to the favorable action of 
nickel borate as catalyst referred only to neutral fats and that ho was aware of the decomposi- 
tion of nickel borate by free fatty acids. In Bosshard and Fischli’s experiment, the activity 
diminished with increasing decomposition of the catalyst, and this confirms Schoenfeld’s con- 
tention that nickel borate is a more effective hydrogen carrier than the mixture of nickel and 
nickel oxide (with boric acid) formed by its decomposition. In many cases hardened fats 
(especially from marine animal oils) produced with the aid of nickel or nickel oxide contain 
more nickel than those prepared with the aid of nickel borate. Schoenfeld disputes the state- 
ment of Bosshard and Fischli that the catalytic hydrogenation of oils in presence of nickel 
borate is conditioned by the previous decomposition of the salt; the reverse, in fact, he claims 
is the case, for with increasing decomposition of the borate owing to the action of the free 
oleic acid used in Bosshard's experiment, the activity of the catalyst diminishes. The rela- 
tively high nickel content of the oleic acid hardened in presence of nickel borate is likewise 
to be attributed by Schoenfeld to the decomposition of the salt by the free fatty acid. 

1161. Preparation of Catalysts by Thermal Reduction of Nickel Salts. Some 
nickel salts will decompose on heating, liberating free metal. This phenomenon 
is most often exhibited by organic compounds, notably the formate. Solutions 
of nickel hypophosphite, however, decompose in this way on boiling. 

1162. The production of catalytic nickel by thermal decomposition of organic 
salts may be effected: 1. By dry heating, e.g., nickel formate heated 10° C. 
above initial temperature of decomposition. 41 2. By heating in an oily or waxy 
medium. 41 Formate, stearate, acetate, oleates,etc., heated in oil, to about 250° C. 
(with or without hydrogen), in vacuo. 4 * 

1163. But slightly different from the processes using straight thermal decom- 
position of such salts as the formate are those which combine heating with the 
use of a reducing gas such as hydrogen. 

1164. Hydrogenation with Formate Alone. Higgins 44 effects the reduction of unsat- 
urated compounds in the presence of a metallic formate, without employing gaseous hydrogen. 

1165. In carrying the method into effect in its application to unsaturated fatty acids or 
their esters, these bodies are intimately mixed with the salt of formic acid and a catalytic 
substance and the mixture is placed in a vessel capable of being rendered gas-tight and pro- 
vided with an agitator. The contained air is preferably exhausted from the vessel or dis- 
placed by a non-oxidiring gas, such as carbon monoxide, nitrogen, carbon dioxide, or hydro- 
gen and the temperature then carefully raised when the reaction takes place, which may, for 
example, be represented thus: 

CisH^Oa + Zn (COOH)j = CuHmO* + ZnCOi + CO 

1166. The end-products vary with the formate used, that is, with some formates, the 
resulting metallic carbonate is unstable and carbon dioxide is evolved as weU as carbon 
monoxide. Owing to the evolution of carbon dioxide or carbon monoxide, or both, consider- 
able pressures are generated. 

1167. Higgins suggests the following: 

1. Nickel formate as the reducing agent and the catalyst. 2. Zinc formate as the 
reducing agent together with a known catalyst. 3. Zinc formate as the reducing agent 

m Z. anfjew. Chan. 1916, 19, 39; J.S.C.I., 1916, 367; /. Chan. Soc., 110, 1, 248. 

"J.S.C.I., 1915, 1079. 

41 U. 8. Pat. 1,390.685 to Ellis. 

41 U. S. Pats, to Ellis. 1,378,336, 1,378,337, 1,378,338. 

41 U. 8. Pat. to Ellis, 1,390,683, specifies heating in paraffin. 

44 U. 8. Pat. 1,170,814, Feb. 8, 1916. 
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admixed with palladium chloride which under the conditions of working is converted into a 
catalytic substance by the action of the sine formate. 

The heating must be conducted with care, as local superheating may cause spontaneous 
formation of oxalate from the formate and is liable to produce explosion. For this reason the 
apparatus must be provided with necessary safety devices. The reaction can be conducted 
practically quantitatively, but for commercial purposes an excess of the reagent over the 
theoretical amount necessary is preferably employed. The materials taking part in the 
action should be dry. The temperature may vary with the formate or mixture of formates 
or other reagents employed, but in general may be in the neighborhood of 20° below the point 
at which the formate used, spontaneously decomposes to the oxalate under the pressure exist- 
ing in the apparatus at the time of so heating. 

1168 . Soap Catalysts. According to Hausamann 41 effective hydrogenation of unsat- 
u rated substances is obtained by the use of a basic compound of a suitable metal (for example, 
copper, nickel, cobalt, and other non-noble metals), with a fatty acid soluble in the fatty com- 
pound to be treated, such, for example, as oleic, stearic, or like acid. These metallic soaps 
dissolve in the melted fats or oils, and, on passing hydrogen through the mixture (at a tem- 
perature between 100° and 180° C.) a colloidal metallic hydride is formed that is regarded as 
the active agent in the reducing or hydrogenating reaction. The hydride exists in the mixture 
as long as there is free hydrogen present. Small additions of such a metallic soap are sufficient 
to reduce large quantities of the unsaturated materials. The same fatty acids as exist 
(usually as glycerides) in the compounds to be treated are preferably employed to form the 
basic metallic compound used for catalysis. The conversion of the basic metallic compound 
into an active catalyzer, when dissolved in the fatty material, takes place gradually in the 
hydrogen atmosphere at temperatures above 100° C. and a temperature of from 160° to 180° C. 
is recommended in practice. At this temperature copper or other hydride is obtained in 
colloidal condition. 

1169. As an example of the process the following may be taken: 500 parts by weight of 
raw soya-bean oil are mixed with 0.4 per cent of the basic oleate of nickel : 

Ni(OH)C,gH„O f , 

and the mixture is exposed at about 160° C. to the action of hydrogen by any of the well- 
known methods until the desired degree of hardening is attained. In using a basic oleate of 
copper 

Cu(OH)CuHiiOj, 

dissolved in the fat and uniformly distributed throughout the whole mass, the compound is 
acted upon by hydrogen with the formation of water and the mass becomes dark brown. At 
this stage the freed hydroxyl group probably plays a part in the formation of a copper hydride. 
By alternate formation and decomposition of this colloidal copper hydride the hydrogen is 
rendered active, converting the unsaturated fatty compounds into saturated, for instance 
the oleic acid into stearic acid. Analogous reactions occur with the various other metallic 
compounds which may be employed. In no case is the metal itself produced or its oxide, as 
in some of the prior processes, except at the end of the reaction, when free hydrogen is elimi- 
nated to gradually decompose the hydride. 

1170 . The reactions which occur may be given approximately by the following equations : 

Formation of the primary catalyst 

Cu(OH), + CHi-7(CHi) CH : CH-7(CH a ) COOH 

= CH,-7(CHi) CH : CH-7(CH*) COOCuOH + H^>. 

that is, basic copper oleate. 

The reaction of this oleate with hydrogen 

2[CHj-7(CHj) CH : CH-7(CH,) COO CuOH] + H x 

= 2[CH,-7(CH a ) CH : CH-7(CH a ) COOH] + CutHj + H x _g + 2HtO 
— * CHi -7(CHi) - CH - CH *7(CHj) - COOH + 2H,0 + H x _e. 

i / 

CujHj 

The resulting products are 

CH,-7(CHi) CH CH,-7(CHt) COOH + CmH, + 2H,0 + H x -g. 

«U. S. Pat. 1,145,480, July 6, 1915, Canada, 157,396, Aug. 18, 1914. 
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1171 . The application of nickel oleato in hydrogenating oila, as described by Ellis. 48 
involves, in one form, the thermal decomposition of the oleato in an oily vehicle. Besides 
nickel olcate any suitable motallo-organic compound, especially one soluble in oil and 
consisting of a metal united to a weak organic acid may l>e used as a source of catalytic 
material. 47 * 48 

1172 . By heating these metallo-organic compounds decomposition occurs setting free the 
catalytic material in a state of extreme subdivision and sometimes forming a colloidal solution. 
When the catalyzer has been prepared in this manner, it is admixed with the oil that is to be 
hydrogenated and hydrogen is introduced. In those cases where the metallic catalyzer tends 
to dissolve in an acid fatty body to form a metallic soap, the temperature during hydrogena- 
tion may l>e maintained at a point abovo that at which the Boap is unable to exist, or if pre- 
viously formed may be decomposed. A temperature of about 10° above the decomposition 
point is recommended. 

1173 . Details of preparation of catalyzers by the thermal decomposition of nickel oleate 
or othor organic compound of nickel are indicated by Ellis. 4 ® A catalyzer may be made by 
the reduction of nickel acetate in hydrogen. 60 A mixture of nickel formate and nitrate when 
heated gives catalytic nickel material. 61 Ellis proposes to make a catalyzer concentrate by 
decomposing in oil, an excess of a decomposable compound of nickel. 61 Nickel carbonyl may 
be used in this case. 

1174. Nickel Catalyst from Sulphate and Formate. According to Ellis, a 
catalyst suitable for hydrogenating oils is prepared by mixing solutions contain- 
ing equivalent proportions of nickel sulphate and calcium formate (or other 
soluble formate), evaporating to dryness, and heating the dried product to about 
240° C. If the temperature does not exceed 250° C. no sulphides or other cata- 
lyst poisons are formed, while the presence of the sulphate is advantageous in 
the hydrogenation. 63 

1175. Nickel Catalyst from Hypophosphite. When nickel hypophosphite 
solution is boiled, metallic nickel is precipitated, under some conditions as thin 
metallic leaves, under other conditions as a fine powder. The latter form acts 
catalytically on sodium hypophosphite in solution giving acid sodium phosphite 
with evolution of hydrogen. The powder form is obtained by dissolving 20 g. 
nickel sulphate in 100 cc. water, heating oji a water bath, introducing in one addi- 
tion 70 g. sodium hypophosphite and stirring. At the end of one hour reduc- 
tion is complete. Distilled water is added, the nickel material is allowed to set- 
tle and is washed by decantation. Palladium prepared in a somewhat similar 
manner decomposes sodium hypophosphite very effectively. 64 Ellis has noted 
that this precipitated nickel material is catalytic and readily acts to harden cot- 
tonseed oil at a temperature of 210° C., or thereabouts, with hydrogen at atmos- 
pheric pressure. 

41 U. S. Pat. 1.217,118, Feb. 20. 1917. 

47 Patent No. 1,217,118 was involved in an interference with the Wimmcr and Higgins 
Patent No. 1,081,182 and priority was awarded to Ellis for this use of organic compounds of 
nickel in the hydrogenation process. 

48 In an interference with Hausamann, priority was also awarded to Ellis and the applica- 
tion on which Letters Patent No. 1,145,480 was issued to Hausamann July 6, 1915, was 
involved in a like interference. See para. 1140. 

49 U. S. Pat. 1,251,201, Dec. 25. 1917. 

60 Ellis, U. S. Pat. 1,251.203, Dec. 25, 1917. 

81 U. S. Pat. 1.251.204. Dec. 25. 1917, to Ellis. 

81 U. S. Pat. 1,251,202, Dec. 25. 1917. 

88 U. S. Pat. 1.482.740, Feb. 5, 1924. 

84 Breteau, Bull. Soc. Chim. (1911). 9 , 515-519. 



148 


HYDROGENATION 


1176. Nickel Compounds Reduced by Ignition with Carbonaceous Material. 

In one of the earliest descriptions of the production of a nickel catalyst by this 
method 66 nitrate of a catalytic metal (e.g., nickel) is directed to be heated with 
an organic compound (e.g., sugar). The resulting voluminous product is reduced 
by hydrogen at 200°-300°, yielding an active metal powder. M 

1177-1178. Patents taken out by Schuck 57 and by Baker 68 developed this 
method. A solution of the nitrate and of sugar (e.g., 0.1716 nickel nitrate, 0.25 
sugar per cubic centimeter of water) is atomized by inert gases through a muffle 
at 550°-650° C. The product is black, flaky and non-pyrophoric: it is removed 
by suction while still suspended in the inert gases. 69 

1179. In 1916 Arldt 60 described a catalyst made by mixing metal, or reduced 
metallic compound with sugar and carbonizing the mixture with sulphuric acid. 
The process is said to be applicable to the regeneration of catalyst poisoned by 
organic residues. 

1180 . Valpy and Lucas 61 described tho preparation of metallic catalysts by the ignition 
of oxalates, tartrates and acetates of nickel and iron. In 1923 they published a process 11 for 
the preparation of catalysts by mixing ground metallic oxides, such as those of iron, nickel or 
manganese, and organic compounds of metals, e.g., acetates or tartrates, with a carbonaceous 
reducing and binding material, such as tar, heating until oxides of carbon are given off, 
regrinding coarsely, mixing with a second quantity of carbonaceous material and, finally, 
heating to a considerably higher temperature, so as to reduce the metal completely and to 
produce a porous sintered mass. 68 

1181 . The Valpy and Lucas catalysts are usually composed of more than one metal and 
they are intended, especially, for use in the cracking of hydrocarbon oils. 

1182. Thomas 84 in the investigation of the relative activities of nickel cata- 
lysts prepared in different ways, did not make experiments on all fours with the 
methods of preparing catalysts by ignition of nickel compounds with carbonaceous 
material, such as we have just been considering. He did, however, prepare a 
catalyst by mixing nickel oxide on kieselguhr with sugar charcoal and heating 
in a current of nitrogen to exclude air. 

In these conditions reduction to the extent of about 85 per cent occurred at 600° C., but 
complete reduction was not easily attained. At 650° C. reduction to metallic nickel was 
almost complete in one and one-half hours. A comparison of the activities of catalysts 
obtained in this way with the one obtained by the standard method (a) was carried out by 
noticing the comparative falls in iodine absorption on bubbling hydrogen through cottonseed 
oil at 180° C. in the presence of 0.5 per cent of nickel, with the following results: 

65 Oelwertung G.m.b.H., Italian Pat. 130,394, Mar. 13, 1913. 

66 Cf. Austr. Pat. 70,930, Jan. 10, 1916; Chem. Abst. t 1916, 1279. 

67 Brit. Pat. 142,576, Feb. 18, 1919; U. S. Pat. 1,305,173, May 27, 1919; Canadian Pat. 
200,591, Juno 1, 1920; U. S. Pat. 1,467,397, Sept. 11, 1923. 

M Brit. Pat. 222,922, July 3. 1923. 

“ In Brit. Pat. 142,576 it is said to contain nickel but no carbon; in Canadian Pat. 204,612 
it is said to be a suboxide (Chem. Abst ., 1920, 3768); in U. S. Pat. 1,305,173 the product is 
described as an uncoked mixture of nickel and carbon. Baker’s patent and Schuck’s U. S. Pat. 
1,467,397 deal with the apparatus for carrying out the process and, more particularly, with 
the controlled feed valves for the inert gases. 

60 D.R.P. 356,614, Apr. 23, 1916; J.S.C.I. , 1922, 41 , 770A. 

11 Brit. Pat. 5,847, 1914. 

81 Brit. Pat. 209,355, Apr. 26, 1923, to V. L. Oil Processes, Ltd., with O. D. Lucas. 

M Also U. S. Pat. 1,502,260, July 27, 1924, to O. D. Lucas. 

84 Loc. cit. 
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Time of 
Hydrogenation 

Iodine 
Absorption 
of Oil 

Original oil 


111.0 



(a) Ni reduced in hydrogen at 350° C. 

90 min. 

61.0 

(6) Ni reduced by charcoal at 600° C. 

180 min. 

86.8 

(c) Ni reduced by charcoal at 650° C. 

180 min. 

101.6 


1183. Thus a nickel catalyst prepared by reduction with charcoal at 600° 
is about one-third as active as a catalyst reduced by hydrogen at 350° C., while 
reduction at 650° C. gave an almost inactive product. 

1184. Preparation of Catalyst by Heating Metallic Salt with Wax or Oil to Cracking 
Temperature. This method is described by Ellis 85 as a means for making powdered metals 
and reduced metallic compounds, and catalyst for oil hardening. Metallic compounds not 
reducible by heating in oil, in the absence of reducing gases, may be reduced by heating in a 
suitable vehicle to the cracking point of the latter, without the production of tars. As cata- 
lyst material compounds of nickel or other metals whoso atomic weights are approximately 
between 58.7 and 63.6 may be used: special mention is made of nickel carbonate, of basic 
nickel salts, and or inorganic salts not reducible by heat alone to metal. The temperature 
specified is the cracking point, generally between 300° and 340°. Important working points 
are agitation, concentration of product, and avoidance of tar formation by temperature 
control. The product is defined as a catalyst compound of reduced metal of atomic weight 
between 58.7 and 63.6, or reduced nickel powder of black color suspended in the cracked 
vehicle. 

1186. Rapid Determination of Nickel. Spacu and Dick 66 recommend the 
following procedure: 100 cc. of nickel solution are treated with 0.5 g. of am- 
monium thiocyanate for every 0.1 g. of nickel present, heated to boiling, 
and treated drop by drop with 1-2 cc. of pyridine. After cooling completely, 
the precipitate of glistening, sky-blue prisms is collected on a filtering crucible 
and washed successively with water containing 4 g. of ammonium thiocyanate 
and G cc. of pyridine per liter, 35 per cent alcohol containing 15 cc. of pyridine 
and 1 g. of ammonium thiocyanate per liter, absolute alcohol containing 5 cc. of 
pyridine per 100 cc., and ether, to 20 cc. of which are added 2 drops of pyridine. 
The crucible and contents are dried in a vacuum desiccator for ten minutes and 
weighed. The compound, Ni(SCN)t,4C *H*N, contains 11.95 per cent nickel. 47 

Relevant References 

1186. Hatschek and Thorne. Metal sols in non-dissociating dispersion media. Kolloid 
Zeit ., 1923. S3; 1925, 36, 1925. 

1187. Tammann and Nikitin. Pyrophoric properties of metal powders 
Z. anorg. Chem., 1924, 136, 201. 

1188. Tammann and Marais. Reduction of thin films of oxide on copper and 
nickel. Z. anorg. Chem., 1925, 136, 127. 

“ U. S. Pata. 1,329,322, and 1,329,323, Jan. 27, 1920; Canadian Pat. 226,305, 1922. The 
claims are numerous and for details the original should be consulted. In general, the claims 
cover the use, as vehicle, of any oil or wax capable of being cracked, especially petroleum, 
wax, paraffin wax, or other solid hydrocarbon or mixtures of these. 

84 Z. anal. Chim .. 1927. 71, 442. 

17 Bril. Chem. Abet., 1927 , 1047A. 
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NICKEL OXIDES AS CATALYSTS IN HYDROGENATION 

1200. Ipatiev used nickel oxide as catalyst in a large numl>er of high-pressure 
hydrogenations, and found it preferable to metallic nickel. 1 The facts will more 
precisely be stated if we say that Ipatiev found that by starting with nickel 
oxide he got better results than if he used nickel reduced to metal outside the 
apparatus. He seems to have regarded nickel oxide, or a suboxide produced in 
the course of his operations, as the real catalyst. This is not a necessary con- 
clusion from his data, and we shall see that there is another and at least equally 
probable explanation. 

1201. In 1910 w f e begin to hear of nickel oxide as a catalyst in oil hydrogena- 
tion and, a little later, of nickel suboxide in the same role. To these oxides were 
attributed several advantages over metallic nickel: they were more active and 
they were more robust. If they really acted as hydrogenation catalysts, their 
use possessed the then important advantage of not infringing the basic patents 
of Leprince and Siveke founded on Normann's work. Inevitably, therefore, 
patents w'ere applied for and a vigorous polemic started between Erdmann and 
Bedford, proponents of the nickel oxide catalysts and Normann, who fought 
against the oxide and for the metal. 

1202. When the second edition of this work was published, the nickel oxide 
controversy w r as by no means settled. Since that time the results of numerous 
tests have furnished additional fuel for the fire of argument. The controversy 
can scarcely be regarded as settled even at the present time although the major- 
ity of observers seem to have come to the conclusion that there is no evidence 
for the existence of a nickel suboxide: that w'hen there is any advantage in the 
use of nickel oxide in hydrogenation it depends, neither on a hydrogenating 
activity of the oxide nor on its reduction to a suboxide, but on the condition of 
the metal w'hen it is reduced from the oxide in such circumstances and, possibly, 
to a promoter action of nickel oxide. 1 In view of these pronounced differences 
of opinion we are, therefore, contenting ourselves with a summary of the con- 
troversy in a bibliographic form. 

1 Fokin, J. Russ. Chem. Soc., 1910, 1074. 

* Medsforth, J.S.C.I . , 1923, 42, 423, point* out the possibility of nickel oxide acting as a 
promoter to a nickel catalyst. 
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Summary in Bibliographic Form of the Nickel Suboxide Catalyst 

Controversy 

1203 . Bedford and Williams. J. prakt. Chem., 1913, 87, 425. Nickel oxides are hydro- 
genation catalysts superior to the metal. Higher oxides become reduced to suboxide; hence 
improvement with age. Nickel suboxide distinguished from metal by absence of electric 
conductivity and by non-formation of carbonyl. 

1204 . Boberg and The Techno.-Chem. Labs., Ltd., Brit. Pat. 4702, 1912. Nickel cata- 
lyst containing one or more suboxides made either by controlled reduction or complete reduc- 
tion followed by controlled re-oxidation. 

1206 . Erdmann and Bedford. Ger. Pat. 260,009, 1911. Preparation of oxide catalyst, 
in voluminous form, by ignition of nitrate with sugar. 

1206 . Bedford and Williams. J.S.C.I. , 1914 , 324. Preparation of suboxide of nickel 
catalyst by heating a mixture of nickel oxide or of an organic salt of nickel with oil in a cur- 
rent of hydrogen. 

1207 . Erdmann. Scifen. ZtQ., 1913 , 605. Oxide catalysts more stable. Colloidal form 
of suboxide catalyst of great importance. 

1208 . Mayer. Sei/en. ZtQ ., 1913 , 224. Discusses possibility that oxide catalyst is reduced 
to metal in operation infringing the basic patent of Leprince and Siveke. 

1209 . Erdmann. Sei/en. ZtQ ., 1913 , 1325. Discusses the question of the Bedford and 
Erdmann oxide catalyst and the Leprince and Siveke Ger. Pat. 141,029 (Brit. Pat. 1515, 
1903 to Normann). 

1210. Moore. Chem. News, 1895, 71, 82. Describes a suboxide of nickel, NijO-2HiO. 

1211 . Bedford and Erdmann. J. prakt. Chem., 1913 , 446. Experimental. Erdmann 
holds that the reduction to metal does not occur in oil, owing to the latter protecting the 
oxide. Erdmann prepared Moore’s suboxide: it was magnetic, reduced nitric acid, developed 
hydrogen with mineral acids and formed a good, colloidal hydrogenation catalyst for oils. 

1212 . Sei/en. ZtQ. 1912 , 1001. Affirmation that oxide catalysts used on large scale have 
shown no reduction to metal. Cites Ipatiev to same effect. 

1213 . Sabatier and Espil. Chem. ZtQ., 1913 , 1121, and 1549. Studies on quantitative 
reduction of nickel oxide. At first somewhat inclined to admit existence of N 4 O; on further 
investigation found that careful preparation of oxide leads to complete reduction at 155° C. 
without suboxide formation. 

1214 . Sabatier and Espil. Compt. rend., 1914 , 668 . Sufficient reduction to metal occurs 
in oil to explain activity of Bedford-Erdmann “oxide” catalyst. Coefficient of reduction 
determined. 

1216. Bedford and Williams. Brit. Pat. 29,612, 1910. Nickel oxide as oil-hardening 
catalyst. 

1216 . Bedford, Williams, Erdmann and Hydroil, Ltd., Brit. Pat. 29,981, 1912. Prepara- 
tion of saturated fatty acids, glycerides and other esters by use of nickel suboxide. Formula 
of suboxide undetermined: Mtlller ( Poqq . Ann., 1869, 136, 51) and Glaser ( Ztsch . anorg. 
Chem., 36 , 18) say NijO; Moore (Chem. News, 1895, 71 , 81) says Ni|0-2HjO. Properties of 
suboxide described as before. According to this patent the making of suboxide precedes the 
addition to the main body of oil by adding nickel oxide to oil and passing hydrogen at 260° C. 
till the suboxide is disseminated through the oil as an inky colloidal dispersion. 

1217 . Bedford and Williams prosecuting application for U. S. Pat. 1,026,339, May 14, 
1912, say: “Hitherto nickel oxides have been used as hydrogenation catalysts only at high 
pressures, quoting Fokin ( J . Rues. Chem. Soc., 1910 , 1074) on Ipatiov's work (NifOi): at high 
pressures and temperatures better than metallic nickel 1 : lower oxide participation probable: 
at lower pressures suboxide forms but hydrogenation does not take place." 

1218 . Erdmann. Chem. ZtQ., 1913 , 1142, 1173 and 1195. Hydrogenation of high-acid 
fish oil and sulphur-containing cottonseed oils possible with nickel oxide because relatively 
insensitive to poisons. If process is interrupted l>efore completion it is difficult to remove 
the oil from the catalyst: when hydrogenation is complete, separation is easy. The used 
catalyst is a mixture of oxide and suboxide. Bellucci and Corelli believe the suboxide to be 
NijO (AUi R. Accad. dei Lined , 22 , I, 603 and 703). Erdmann l>elieves that loose addition 
compound forms between fat and the oxide. Evidence of what appeared to be a nickel car- 
bide found. 

1 According to present views there is no such oxide. 
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1119. Meigen and Bartels. J. prakt. Chem., 1914, 89, 290. Criticism of Erdmann and 
Bedford's findings. Nickel oxides are catalytically active in hydrogenation only on reduc- 
tion to metal. Suboxide formation not confirmed. 

1120. Erdmann. J. prakt. Chem. Reply to Meigen and Bartels. Says the basic pat- 
ents (Norm&nn; Leprince and Siveke) based on test-tube experiments. First part of paper 
taken up with history of the industry. Claims non-use of process from 1902 to 1912 due to 
inefficiency of metallic catalysts, not to shortage of hydrogen. Long account of experimental 
work on oil hardening and on tests of used oxide catalysts. Of these relies especially on con- 
ductivity teats (made by Tubanat) showing the used catalyst had the resistance characteris- 
tic of an oxide, and on carbonyl tests. The used catalyst shows no evidence of carbonyl for- 
mation (nickel mirror), while oolloidal nickel does. 

1H1. Idem. J. prakt. Chem., 1915, 91, 390; Chem. Abat., 1916, 1 105. Returns to the charge. 
Affirms that used catalyst does contain metal (evolution of hydrogen, conductivity, carbonyl 
formation). 

im. Agde (a pupil of Erdmann) wrote a long thesis (Halle, 1914) on the subject of this 
polemic, based on experimental work on the hydrogenation of chemically pure oleic add, 
synthetic triolein, and cottonseed oil freed from aldehydes. He reaffirms Erdmann’s posi- 
tion but does not, specifically, meet any of the criticisms on the technique. No new experi- 
mental evidence on the existence of a nickel suboxide or on the non-existence of nickel as 
metal in the used catalyst can be found in this paper, because, apparently, Agde accepted 
Erdmann’s methods of investigation and his interpretation of the results. From this point 
of view, therefore, this very lengthy thesis contributes nothing to the controversy except that 
the results obtained with pure substances may be interpreted as oven more in favor of Erd- 
mann’s views than those obtained with ordinary oils. With ordinary vegetable oils it is 
admitted that nickel is formed, a reduction attributed to aldehydic impurities. The thesis 
contains a full discussion of the nickel-fat and nickel carbide complexes mentioned by Erd- 
mann. 

m3. Normann. J.S.C.I . , 1915, 237, 969: 1916, 262. Erdmann quoted by Agde, 
loc. tit., having said that reduction of nickel oxide was due to impurities in the oil, Normann 
mixed 1 g. pure nickel oxide with 100 g. synthetic triolein and hydrogenated at 250° C. Within 
a few minutes a pronounced carbonyl reaction was obtained and the catalyst was conductive. 

1224. Oelwerke Germania. Seifen. Ztg ., 1914, 645. By repeated use Erdmann's oxide 
catalyst becomes more active and can be used at the same temperature as the metal catalyst. 
At first 250° C. is necessary in order to form free nickel. 

m6. Freichs. Arch. Pharm., 1915, 253, 512; Chem. Abat., 1916, 10, 441. Existence of 
suboxide entirely problematical. Failure of Erdmann to get conductivity due to adherence 
of fat, etc., Siegmund and Suida similarly failed to detect conductivity in a mixture known 
to contain 48 per cent of metallic nickel. Concludes “ No hardening without free metal.” 

m6. Normann. Chem. ZtQ., 1916, 40, 381; J.S.C.I., 1916, 641. Kieeelguhr with 20 
per cent of nickel, reduced in hydrogen for an hour at 500° C., showed no conductivity. 
Kieselguhr mixed with 5 per cent of nickel (reduced from oxide at 280° C.) showed good con- 
ductivity. 

1227. Siegmund and Suida, J. prakt. Chem., 1915, 442. This is a far more critical paper 
than Agde's, indeed than any previous contribution to either side of the polemic. The cata- 
lyst which Siegmund and Suida call metallic nickel (and on which they base their comparison 
of activities) was made by reducing nickel oxide in hydrogen at 280°-290° C. outside the reac- 
tion vessel. No precaution seems to have been taken to insure that the reduced material did 
not undergo oxidation. Siegmund and Suida went to great pains to analyse the product 
attained by reducing nickel formate by heating in nitrogen, proving that it contained oxygen. 
It was magnetic and its conductivity was sero; the carbonyl test was negative for metallic 
nickel. They did not (apparently) subject this catalyst after it had been used to the carbonyl 
test under rigid conditions. All their used catalysts were magnetic. The catalyst from 
formate was the best, that which Siegmund and Suida call “metallic nickel” the poorest. 
Their conclusion is that under ordinary pressure hardening of oil takes place incomparably 
quicker with nickel “oxide” than with “nickel.” (The quotation marks are ours.) 

m8. Bedford and Erdmann, U. S. Pat. 1,200,696, 1916. See Ger. Pat. 260,009, pre- 
viously cited. 

1229. Boberg. U. S. Pat. 1,093.377, Apr. 14, 1914. See Brit. Pat. 4702, 1912, pre- 
viously cited. Boberg states that he has “made experiments with various products of reduc- 
tion and has obtained the following results : The product of reduction of such a composition 
that an ultimate analysis gives a proportion of nickel to oxygen corresponding to an imagi- 
nary formula Nif.iO, i.e., but little suboxide, produced, in a certain time, hardening of a liquid 
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fat up to a melting-point of 40° C., whereas, a product corresponding to an imaginary formula 
Nij.t*0 gave in the same time and for the same material hardening corresponding to a melt- 
ing-point of 58° C. It appeared, however, that with a lesser proportion of nickel in the 
product, i.e. f a composition that apparently indicated the presence of higher oxides, the 
product was leas active, while, at the same time, compounds containing even higher propor- 
tions of metallic nickel than that first specified above, viz., Nig.jO, were still less active than 
the latter." 

1130. Erdmann and Rack. Seifen. Ztg ., 1915, 75. Nickel suboxide is formed when 
nickel borate is heated in oil at 260° C. in a current of hydrogen. The same suboxide is pro- 
duced by reducing the borate as a dry powder at 340° C. in hydrogen. 

1131. In 1915 the discussion turned, also, on the reduction of nickel borate and of organic 
salts of nickel (e.g., the formate) in oil by a current of hydrogen. 

1131. Erdmann. Seifen. Ztg., 1916, 288. No new evidence. Reasserts that positive 
proof of formation of nickel suboxide is found in the (1) black color resulting from subdivision 
of the catalyst, (2) the lack of electrical conductivity of the used fat-free catalyst. 

1133. Normann. Seifen. Ztg., 1915, 47 and 191. Blackening of oil does not prove sub- 
oxide formation: finely divided nickel (e.g., when carbonyl decomposes in oil) is black. 

1134. Normann and Pungs. Chem. Ztg., 1915, 29. Criticize technique of Bedford and 
Erdmann in looking for metallic nickel. They report their own results on used oxide cata- 
lysts. When coefficient of reduction is poor so also is the conductivity, the longer the use 
the higher the conductivity till it reaches a maximum at 41 per cent free nickel. In one 
example when the iodine number of the (cottonseed) oil was still 63, the conductivity was 
nU, when the iodine number had fallen to 3.85 the conductivity was good. The used "oxide" 
catalyst was in part magnetic, which made possible a fractionation of metal from oxide. 
Moore's "suboxide" is a non-conductor, but after uso as a catalyst in oil it showed excellent 
conductivity. The carbonyl test requires rigid technique; when this is used Erdmann’s 
"oxide" catalyst after use gives a positive result (nickel mirror). 

1335. Nickel Carbonyl Test for Pree Nickel. As this carbonyl test has its own impor- 
tance, apart from the particular controversy in which Normann was engaged we give details 
of the method. The greatest care should be taken to have the carbon monoxide employed 
very pure and thoroughly dry. Normann and Pungs prepared the monoxide by allowing 
concentrated formic acid to drop into concentrated sulphuric acid heated by a water-bath. 
The gas was dried by passage through sulphuric acid and then over soda lime and solid caustic 
soda. 

1336. The carbonyl reaction is extraordinarily sensitive to the presence of air. Simply 
pouring the hardened fat and catalyst from one vessel to another, suffices to nullify the 
reaction. Accordingly, after hardening, the fat and catalyst are cooled to 90° to 100° C. in 
a weak current of hydrogen. Then the vessel is placed in a water-bath at 90° to 92° C. and 
the hydrogen replaced by carbon monoxide. The gases leaving the reaction flask are passed 
through a hard glass tube which is heated at one point. Nickel carbonyl is decomposed and 
forms a mirror on the glass walls in the heated zone. To obtain good adherence of nickel the 
tube must be thoroughly clean. The separation of nickel is not quantitative. Some carbonyl 
eecapes decomposition in the heating zone, as may be shown by igniting the issuing gas. The 
flame is colored yellow or if the amount of carbonyl is extremely minute the color is a pale 
blue. Only a few minutes suffice to secure a heavy nickel mirror. 


Nickel Carbonyl Reaction on Catalyzers 


Oil 

Catalyst 

Melting-point of the 
Hardened Fat 

Nickel 

Mirror 

Cotton oil 

5 per cent basic nickel formate 

50.8 

marked 

Cotton oil 

5 per cent basic nickel formate 

51.2 

marked 

Cotton oil 

1 per cent nickel carbonate 

49 8 

marked 

Cotton oil 

) per cent oxide (Erdmann) 

46.2 

marked 

Pure linseed oil 

j per cent oxide (Erdmann) 

42 4 

marked 

Whale oil 

j per cent oxide (Erdmann) 

46.8 

marked 

Linseed oil 

j per cent oxide (Kahlbaum) 

42.5 

marked 

Linseed oil 

j per cent oxide (Merck) 

40 6 

marked 

Linseed oil 

J per cent oxide from nitrate 

40.6 

marked 

Linseed oil 

} per cent oxide (Kahlbaum) 

40 2 

marked 
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1137. If hydrogenation is allowed to progress to a lesser degree, the mirror appears with 
the carbonyl test. For example, olive oil was hardened to a melting-point of only 17° C. 
and a positive test for nickel was obtained. If fat hardening is carried out at a temperature 
below that prescribed by Erdmann, or not over 230° C., blackening of the green nickel oxide 
does not occur, the color changing only to a grayish green. The iodine number of olive oil, 
after three and one-half hours hydrogenation under these conditions, fell but one or two units. 
The carbonyl test was positive, although very weak. A blank test with the same nickel oxide 
in fresh oil and without treatment with hydrogen, maintained at 90° C., while carbon mon- 
oxide was passed through, showed that nickel oxide was not reduced by the monoxide under 
these conditions. 

1338. Since Erdmann has suggested that the reduction of nickel oxide may be brought 
about by aldehydes contained in the oil, Normann and Pungs tested the reducing effect of 
formaldehyde and benzaldehyde, two of the most powerful reducing aldehydes. They heated 
a mixture of edible oil, aldehyde and nickel oxide on an oil-bath at 225° C., without introduc- 
ing hydrogen. No reduction of the oxide was noted; in one case, olive oil, benzaldehyde and 
groen nickel oxide were heated to about 250° for four hours, using a reflux condenser; but no 
blackening of the oxide was perceptible. The likelihood of reduction by the aldehydes of 
fatty oils, therefore, appears to be remote. 

1339. In the table below the results of the carbonyl reaction at a temperature of 50° C. 
are given when employing olive oil of iodine No. 82, freed from aldehydes by the silver nitrate 
method of Bocchi, and hydrogenating at a temperature of 250° C. in the first four tests and 
at 230° C. in the remaining tests. Thus at 50° C. as well as at 90° C., the carbonyl reaction 
is obtained from catalyst in oil. Even at 30° C. the carbonyl is slowly formed. At 30° C. 
the necessary contact of the monoxide with the relatively thick oil is difficult to bring about. 

1340. An endeavor was mado to make the carbonyl test a quantitative one. To this end, 
the glass tube in which the nickel carbonyl was decomposed, was filled with fragments of por- 
celain and was heated in two or more places. It was then noted whether or not at the place 
of heating most remote from the point of entry of the carbonyl, any nickel was deposited. 
The exit gases were ignited and the color of the flame noted. It should be a pure blue. From 
1 g. of catalyst held at a temperature of 90° C. for four hours 0.05 g. of nickel was obtained. 
A second test conducted for four days gave 0.07 g. nickel. Even then the reaction had not 
been completed. Nickel carbonyl was still being formed in the oil. 


Nickel Carbonyl Formation at 50° C. 


Catalyst 

Melting-point 
of the 

Hardened Fat 

Iodine 

Number 

Carbonyl Test 

1 per cent nickel oxide (ic) Kahlbaum ... 
1 per cent nickel oxido (ic) Kahlbaum. . . . 
1 n«r rent nickel oxide (ous) 

15 5 
49 6 
27.0 
49.8 
Liquid 
Liquid 

68.4 
37.1 

67.4 

38.0 

78.0 

79.0 

Heavy nickel mirror 
Heavy nickel mirror 
Heavy nickel mirror 
Heavy nickel mirror 
Distinct mirror 
Weak but distinct mirror 

1 per cent nickel oxide (ous) 

I por cent nickel oxide (ous) Temp. 230° . . 
1 por cent nickel oxide (ous) Temp. 230° . . 


1341. If the residue of nickel in the oil is regarded as negligible, Normann and Pungs 
assume the hardening to have been carried out with a catalyst consisting of about 7 per cent 
of metallic nickel on upwards of 90 per cent of nickel oxide serving as a carrier. The question 
then arose as to the possibility of so small a proportion of nickel effecting the degree of hydro- 
genation noted. Normann and Pungs regard the question as answered as a result of their 
practical experience. It is stated that a catalyst of this composition, when carefully and skill- 
fully prepared, gives good results not only in the laboratory but also on the large scale. From 
repeated use more nickel is likely to bo reduced as a result of the continued contact with 
hydrogen. 

1343. A nickol-kieselguhr catalyst was prepared by reduction at 450° to 500° C. at which 
temperature the existence of a suboxide is regarded as entirely excluded. The content of free 
nickel, calculated from a determination of the volume of hydrogen evolved by sulphuric 
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acid was 4.2 per cent. By the addition of only 1 per cent of this catalyst to refined sesame 
oil, the melting-point was raised to 4.5° C. on hydrogenating for one hour. Normann and 
Pungs do not record the amount of nickel computed from the mixing formula of this catalyst 
so that it does not appear whether or not this calculated proportion checks with the result 
of the hydrogen evolution determination. 

1243. In every instance, the catalyst material, which before hardening, did not contain 
free metal, after hardening, showed the presence of the metal, hence, irrespective of the ques- 
tion of formation of nickel suboxide or other assumed reduction product between nickel 
oxide and the metal, it is concluded that fat hardening does not occur in the absence of tho 
free metal and that some substance other than tho free metal is an active catalytic agent, as 
contended by Erdmann, has not been proven. 

1244. Normann. Chem. Ztg., 40, 757; J.S.C.I. , 1916, 35, 1070; same abstract in Chcm. 
Ab8t. 1917, 11, 1321. As abstracted this article is self-contradictory. The statement is first 
made that nickel oxides have no activity until reduced to metal. Normann then goes on to 
compare the activity of the oxide and of the metal in a manner which implies some activity of 
the oxide catalyst per sc, an admission nowhere else made by this author. At any rate, he 
reaffirms the superiority of the metallic catalyst. 

1245. Armstrong and Hilditch. Proc. Ray. Soc., 1921, 99A, 490. A study of the condi- 
tions of reduction of nickel catalysts. The superior activity of a partially reduced nickel 
catalyst is demonstrated. 4 * * The explanation is that the oxide residue acts as a carrier, con- 
ferring on the catalyst the enhanced activity and robustness characteristic of a supported 
catalyst, though not to the same degree as this is effected by such a carrier as kieselguhr. 
Armstrong and Hilditch show experimentally that, in a partially reduced catalyst, the domi- 
nant factor of activity is the condition of the surface layer of reduced nickel. Complete reduc- 
tion of an unsupported nickel catalyst is accompanied by considerable shrinkage : no appre- 
ciable diminution of bulk occurs when nickel oxide spread on kieselguhr is completely reduced 
to metal. Correspondingly, an unsupported nickel catalyst reaches its maximum activity 
before complete reduction and if the reduction is pushed further a decline in activity occurs. 
But with a nickel catalyst supported on kieselguhr this fall of activity on complete reduction 
is not observed. It is, therefore, evident that the enhanced activity of a partially reduced 
unsupported nickel catalyst requires for its explanation no lower oxides of nickel, but is 
amply explained by tho condition of the metal on the surface of the contact mass. 4 

1246. Maxted. Chem. Age (London), 1922, 6 , 542. No active oxide of nickel has been 
prepared without the use of such conditions that partial reduction to metal was also possible. 

1247. Kahlenburg and Ritter. J. Phys. Chem., 1921, 25, 89. Nickel chloride reduced 
with hydrogen at 180-250° C. is a good catalyst for hydrogenation of oils. Such a catalyst 
contains no oxide. 

1248. Kelber, Ber., 1924, 57, 136,142. Catalyst made by reduction of nickel cyanide 
with hydrogen differed in no respect from a catalyst reduced from an oxygenated compound. 

1249. Non-existence of Nickel Suboxide. Levi and Tacchini 6 conclude from an exami- 
nation of five nickel preparations, which should have contained the suboxide if it existed, that 
no known method of preparation yields a suboxide of nickel. The method for irregularly 
oriented crystal powders and X-rays arising from an anticathode of copper were used. Fivo 
preparations of nickel were examined: (1) finely divided nickel obtained by reduction of 
nickel monoxide in a stream of hydrogen ; (2) a reduction product of nickeloso-nickelic oxide 
(NisOO containing 87.34 per cent of nickel (i.e., NijO by calculation) 7 ; (3) nickel reduced at 
1000° C. and then placed in cold oxygen, which gave a product containing 85.2 per cent 
nickel (Nii.uO); (4) a product obtained by further reduction of the material mentioned 


4 U. S. Pat. 1,159,480, Nov. 9, 1915, to Ellis, describes what is termed a semi-reduced 
hydrogenation catalyst the preparation of which is carried out by the careful reduction of 
nickel oxide or hydrate to effect only partial reduction, ordinarily about one-half of the oxygen 
being removed, affording an intimate mixture of catalytic nickel combined with nickel oxide 
or certain of the suboxides. Besides hydrogen, other reducing gases or vapors, namely, water 
gas, carbon monoxide and the vapor of alcohol, are mentioned. A catalytically active nickel 
black is produced by Boyce by reducing nickel oxide with hydrogen. The action is stopped 
before complete reduction takes place, leaving a product which is predominately black. 
(Canad. Pat. 171,436, 1916; Chem. Abst., 1918,749). 

4 Rideal and Taylor, loc. cit., 2nd edition, p. 268. 

• Gazz. chim. Hcd., 1925, 55, 28. 

7 Glaser, Z. anorg. Chem., 1903, 36, 19. 
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under (2) and which contained 80.06 per cent nickel ; (5) pure nickel monoxide. The result* 
show that (2), (3) and (4) are mixtures of nickel and nickel monoxide. Readings, diagrams 
and photographs are given. 

1250 . From a study of the rates of reduction of nickel monoxide prepared in various ways, 
Berger, 1 also, had concluded that there was no suboxide of nickel. 

•Compf. rend., 1922, 174 , 1341; Chem. Abet., 1922, 16 , 2457. In an earlier research, Compi. 
Rend., 108 , 668, Berger found, as he then believed, some indication of the existence of NifO. 



CHAPTER XIII 


NON-NICKEL BASE METAL— NON-METAL CATALYSTS 
AND CARBONYLS 

Base Metal— Non-nickel Catalysts 

1300. The base metals other than nickel and cobalt have been but little used 
as single hydrogenation catalysts, except in a tentative way. As co-catalysts 
they have more vogue, as is seen in Chapter VI on Promoters. Recently 
non-nickel base metals, and especially their oxides, have come into notice as 
catalysts in the carbon oxide reduction synthesis (methanol, synthol, synthin, 
etc.), in the liquefaction of coal and in hydrogenation — cracking of mineral oils. 
This development is not treated here, but under the syntheses in question. 

1301. Much of what has been written under nickel catalysts is either expressly 
or implicitly applicable, mutatis mutandis , to the preparation of catalysts from 
other base metals. 

1302. Comparison of Catalytic Activity and of Adsorptive Power of Various 
Metals. Pease and Stewart 1 impregnated diatomite brick with solutions of 
the nitrates of iron, of cobalt, of nickel, of copper and of silver, the proportions 
in each case being 1 g. atom metal to 100 g. brick. The effect of each of these 
catalysts on the hydrogenation of ethylene and its adsorptive power for the react- 
ants was measured. Cobalt and nickel caused instant hydrogenation of ethylene 
at — 20° C.; iron was moderately active at 0° C., copper at 50°C., silver at 100° C. 
Hydrogen was more largely absorbed by nickel and cobalt than by the other 
metals: iron was the best adsorbent for ethylene. The rate of hydrogenation 
was shown to depend on the hydrogen concentration. 

1303. Muller 1 finds that catalytic activity of iron and nickel, especially in 
connection with processes for the introduction of hydrogen into glycerides of 
unsaturated fatty acids, is considerably augmented and caused to resemble in 
activity the catalytic properties of the noble metals, such as palladium, if the 
former metals after ignition in hydrogen are heated in a stream of carbonic acid 
gas in order, apparently, to destroy the metal hydrides which are formed and 
convert the catalyzer into the pure metal. Muller says the process also makes 
possible the elimination of finely divided catalyzer, whose production and applica- 
tion the patentee states is accompanied with many difficulties, and its replace- 
ment by coarse fragments of metal, such as filings and shavings of iron, nickel 

1 J. Am. Chem. Soc., 1927. 49 . 2783; Chem. Abet ., 1928, M. 345. 

* Stifen. Zt<j. (1913). 747; French Pat. 540.703 (1912); Brit. Pat. 22.092, Sept. 28, 1912, 
to MGiler, Speiaefettfabr. A.-G. 


157 



158 


HYDROGENATION 


and copper, first igniting the latter in hydrogen and then in carbonic acid gas. 
He states that common iron filings caused a reduction of the iodine number of 
only 2\ per cent in two hours, while using filings which had been treated with 
carbon dioxide the iodine number was reduced 25 per cent. 

1304 . Copper Catalysts (for Methanol Synthesis). Audibert and Raineau 1 
made copper catalysts in various ways and compared their activities. Although 
these tests related only to the methanol synthesis, i.e., to the reduction of carbon 
monoxide by hydrogen at high pressure (150 atm.), it is likely that the results 
are of more general application. 

1305 . Hydrated cupric oxide . The black precipitate formed when a solution 
of an alkaline hydroxide is added to a boiling aqueous solution of copper nitrate 
is commonly called tetra-cupric hydrate (Cu0) 4 H,0. This, reduced with 
hydrogen, gave Sabatier a copper of low density, purple color and high catalytic 
activity. If the hydrate is dehydrated below 300° C. the anhydrous oxide 
obtained is of the same appearance and bulk and commences to undergo re- 
duction at the same temperature as the hydrate. Dehydration at higher 
temperature gave a product of different color and apparent density. Four cata- 
lysts w T ere made and compared. These had been reduced from thoroughly 
washed hydrate dehydrated at different temperatures for three to four hours. 
Other conditions being equal it was found that the catalysts made from material 
dried at 200° C. and at 270° C. showed 30 per cent more activity than two other 
catalysts made, one from material dried at 100° C., the other from material dried 
at 700° C. From this Audibert and Raineau draw the credible but not altogether 
obvious conclusion of “ the necessity of employing low-temperature dehydra- 
tion of the cupric hydrate." On the basis of the experiment cited it would have 
been safer to say, merely, that drying at 100° C. and at 700° C. both gave poor 
catalysts, while drying at 200° C. and at 270° C. gave active catalysts. 

1306 . Fused Cupric Oxide . This, on reduction, gave a poor catalyst. 

1307 . Cupric Oxide from Ignition of Organic Salts . Oxides made by low- 
temperature decomposition of the acetate and the formate, gave catalysts of 
the same activity as those reduoed from the hydrate. 

1308 . Cuprous Oxide. On reduction cuprous oxide yielded catalysts of the 
same order of activity as those made from cupric hydrate. 

1309 . Cupric Oxide Precipitated from Chloride or Sulphate. The catalysts 
prepared from these were inactive, a result attributed by Audibert and Raineau 
to poisoning by adsorbed anion. 

1310 . Cupric Oxide Obtained by Precipitating Nitrate Solution in the Cold. 
The oxide precipitated in this way by ammonia on reduction yielded copper 
devoid of catalytic activity. That this was not due to absence of traces of fixed 
alkali in the other, active, catalysts, was shown conclusively by washing the 
latter and by adding fixed alkali to the ammonia precipitate. 

1311 . The relation between the activity of a copper catalyst in the methanol 
decomposition 4 and the temperature at which the hydroxide was precipitated 

8 Ind. Eng. Chem 1928, 20, 1105. 

4 f^ee para. 5354. 
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has been examined by Frolich, Fenske and Quiggle. 6 They found that the cata- 
lytic activity of copper catalysts prepared by reduction at 200° of the hydroxide 
obtained on precipitating copper nitrate solution with ammonia varied with the 
temperature of precipitation. A maximum activity was obtained when the 
hydroxide was precipitated at 22°. X-ray examination indicates that small par- 
ticle size of the dry hydroxide gel is associated with the more active catalysts. 
A minimum particle size at 22° may be produced as the result of two opposing 
factors, viz., the tendency for the initial particle size to decrease with falling 
temperature of precipitation, and the tendency for the initially formed particles 
to grow while the hydroxide is drying at 110°. 

1312. Attempts to Activate Copper for Catalytic Hydrogenation by Oxida- 
tion and Reduction. 6 A copper catalyst of low porosity and high activity pre- 
pared by low- temperature oxidation and reduction of well-sintered copper was 
only temporarily active in the hydrogenation of ethylene. This deactivation 
was uninfluenced by the temperature of oxidation or reduction of the copper 
and by the temperature of evacuation of the catalyst bulb. Neither was it due 
to the fixation of surface crystals on the catalyst. Apparently an atomic reaction 
occurs on the metal surface as a result of catalytic action, whereby the atoms 
become momentarily labile and may subsequently become oriented to a crystal. 7 

1313. Alkaline Copper Oxide Catalyst for Ester Reduction. Bouvier and 
Blanc use a catalyst composed of partially reduced copper oxide and hydroxide 
to which alkali is added for the reduction of alkyl esters and, in particular, of 
methyl formate with hydrogen at 80° to 160° C. Care must be taken not to 
carry the reduction of the catalyst to the formation of metallic copper. Methyl 
formate thus treated yields methanol. 8 

1314. Preparation of Metals in Active Form by Precipitation with Chromous 
Salts. From a solution of copper sulphate a chromous salt throws down a pre- 
cipitate which has been thought to be cuprous oxide. This substance is endowed 
with marked catalytic activity. Piccard and Thomas 9 find that it is not the 
oxide, though it is readily oxidizable. It contains 98.9 per cent of copper. An 
active silver catalyst is made by reducing a solution of silver perchlorate with 
chromous acetate in perchloric acid. It forms a white powder containing 99.6 
per cent silver and it is twice as active as silver obtained by the action of zinc on 
silver chloride. 

1316. Mixed Zinc and Copper Oxides: Reduction to Zinc. The mixed cata- 
lyst, composed, initially, of cupric oxide and zinc oxide, has recently acquired 
importance in connection with carbon monoxide syntheses. It is, therefore, 
interesting to learn from Rogers 10 that zinc oxide, mixed with copper oxide, 
can be reduced completely to metal by hydrogen at 300° C. The point of this 
observation is that hitherto the zinc oxide has been classed among the refractory 
oxide catalysts. 

6 J. Am. Chan . Soc ., 1929, 51 , 61; Brit. Chan. Abat., 19 * 9 , 274A. 

• Pcaae and Griffin, Am. Chon. Soc., 1927, 49 , 25. 

7 Bril. Chon. Abat., 19 * 7 , 215A. 

• U. S. Pat. 1,605,093, Nov. 2, 1926. 

9 Heir. Chim. Acla , 1923, 6 , 1044; J.S.C.I., 1924, 99B. 

10 J. Am. Chan. Soc., 1927, 49 , 1432. 
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1316. Iron Oxide: Catalytic Activity; Preparation of Catalyst Senderens 
states that iron prepared from ferric oxide is only of low efficiency, its activity 
being lower than that of the other metals. Marwedel, 11 however, has found 
oxides of iron to be effective as catalyzers in the reduction of nitro-bodies. The 
process according to Marwedel consists in mixing the nitro-bodies, in the gaseous 
state, with reducing gases, and passing the mixtures over heated finely divided 
ferrous oxide or ferro-ferric oxide. It is advisable to distribute the oxide on 
inert substances such as asbestos or kieselguhr. 

1317. Marwedel points out that in the reduction process described below 
the iron-oxide compounds remain unchanged, for the reduction of iron oxide 
compounds to metallic iron by means of hydrogen does not take place until the 
temperature exceeds 400° C. 

1318. The following example describes the process as used for reducing 
nitrobenzene to aniline; but it is stated that other nitro-bodies, such as nitro- 
toluol or nitroxylol, can also be reduced in the same way. 

1319. Example: An iron pipe is charged with asbestos. Ferrous oxide, or 
ferro-ferric oxide, is distributed on the surface of the asbestos. The vapors 
of the nitrobenzene and hydrogen, or water-gas are introduced. The nitro- 
benzene and hydrogen mixture passes over the oxide. The pipe is heated, the 
temperature being kept above the boiling temperature of nitrobenzene and 
below the temperature at which a reduction of the iron oxide compounds takes 
place. The relative proportions of the mixture of nitrobenzene and hydrogen 
are such that about 70 parts by weight of hydrogen are employed to 1000 parts, 
by weight, of nitrobenzene. The gaseous mixture issues from the apparatus 
and is passed through a condensing coil, and is collected in a receiver, con- 
nected to a vacuum pump. Care must be taken to keep a sufficient quantity of 
hydrogen present to prevent the reduction of the nitrobenzene from being 
arrested at intermediate stages (azobenzol or hydrazobenzol). In order to prevent 
incomplete reduction an excess of hydrogen is used; which excess can be col- 
lected and again passed through the reducing chamber. 

1320. Tin as a Hydrogenation Catalyst Browm and Henke 15 prepared tin 
catalysts by reduction of stannous hydroxide directly and of stannic oxide made 
by oxidation of stannous hydroxide: the latter proved the better catalyst. 
Rather coarse lumps worked better than a powder. The reductions carried out 
were: nitrobenzene to aniline (99 per cent yield); ortho-nitrotoluene to ortho- 
toluidine (94 to 99 per cent); ortho-nitroanisole to ortho-anisidine (93 per cent) 
Tin catalysts allow more latitude in operating temperature than do most cata- 
lysts: the best range of temperature in a glass tube seems to be 275° to 294° C. 
A higher temperature is necessary in glass than in iron tubes. u 

1321. Lead: Catalytic Activity. Madenw’ald, Henke and Brown 14 have 
measured the activity of various lead catalysts in the reduction of nitrobenzene 

11 U. S. Pat. 1,124.776, Jan. 12, 1915. 

11 J. Phya. Chem.. 1923. 17, 739; Chem. Abat .. 1924, 18, 1936. 

11 Molten tin and tin in other forms are used in oil cracking and allied processes. 

14 J. Phy a. Chem., 1927, 31, 802. 
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by hydrogen. Light red lead, heavy red lead, and a light and a heavy litharge, 
prepared from recrystallized lead nitrate by varying heat treatments, on reduc- 
tion by hydrogen at 308° gave the catalysts used. The activity of the catalysts 
increased with use, but more slowly than is the case with copper catalysts. It 
also increased more rapidly in an iron than in a glass tube. The initial activity 
of the different samples varies, but the final activity is the same. The optimum 
temperature for the reduction of nitrobenzene is 308°, and one catalyst pre- 
pared from heavy litharge maintained a 97 per cent yield of aniline for approxi- 
mately 200 experiments. Grinding the catalyst had no permanent effect on its 
activity. Treatment with hydrogen alone destroyed the activity. The opti- 
mum rate of flow is 14 liters of hydrogen and 4 g. of nitrobenzene per hour at 
308°. Appreciable yields of azobenzene (up to 25 per cent) were obtained only 
during the first few runs. 14 


Relevant References 

1311 . Jaeger. U. 8. Pat. 1,694,620, Dec. 11, 1928; Brit. Pat. 286.212, Feb. 28, 1927; 
279,466, Oct. 19, 1927; 304,640; 306,803 (convention date Feb. 25, 1928) ; Chem. Age (London). 
1929, SO, 454. Base exchange compounds of U9e as catalysts. The description given by 
Jaeger is voluminous and one of the originals should be consulted for details. Among the 
uses relevant to our subject are the removal of catalyst poisons, the methanol synthesis, and 
hydrogenations in general. Jaeger's type of catalyst is exemplified by the following: 

Base-exchange materials for use as catalysts are prepared by treating a solution of an 
alkali silicate with the salt of a metal capable of becoming part of the non-exchangeablo 
nucleus, then with a salt of a metal acid, e g., vanadic, molybdic, tungstic acid, etc. The 
gelatinous mass is stirred, filtered, and dried; it may then be subjected to a base-exchange 
process or heated in a suitable oxidizing or reducing atmosphere to induce the desired cata- 
lytic properties. If desired, the zeolite may be incorporated with inert porous material either 
during or after formation. Brit. Chem. Abst ., 1928, 603B. 

1313 . Komatsu. New functions of reduced copper. Sexagxnt, Y. Osaka, Chem. Inst. 
Dept. Sex. Kyoto Imp. Unit., 1917 , 203. Copper is characteristically a dehydrogenating and 
a dehydrating catalyst. Komatsu recognizes three types of copper catalyst: dehydrogena- 
ting (from sulphate with excess alkali); dehydrating (from basic copper salt); combined 
action catalyst (from ignited nitrate). 

1314 . Komatsu and Kurata. Catalytic activity of reduced copper. Mem. Coll. Sci. 
Kyoto Imp. Unit ., 1925, 8A, 35; a comparative study of the oxidising and dehydrating cata- 
lytic activity of copper, prepared in different ways. 

1313 . Pease and Harris. Catalytic combination of ethylene and hydrogen in presence 
of metallic copper. J. Am. Chem. Soc ., 1927,49, 2503; Chem. Abst., 1928, H, 13. Within 
the range examined the rate of hydrogenation was proportional to hydrogen concentration. 
There is a summary and discussion of the results of the series of which this article is the fourth. 


Non-metal Catalysts 

1326 . As primary or sole catalysts non-metals play an insignificant rfile in 
hydrogenation. 

1327 . Boron may be used as a catalyzer according to Hildesheimer. 1 * If the 
substrate is a gas it is simply mixed with hydrogen and passed over the boron 
material; if liquid, it is mixed with boron and hydrogen is passed through it. 
When the addition of hydrogen is completed the boron is separated by filtration 
and is ready for use again. The catalytic action is assumed to depend upon the 

11 Brit. Chem. Abet., 1927, 737A. 

11 Zeitech.f. a no no. Chem. ( 1913 ), Ref. 683. 
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intermediate formation of boron hydride BH t . The rate of conversion is influ- 
enced by the temperature and pressure as well as the amount of boron. Cotton- 
seed oil and other unsaturated compounds, such, for example, as ethylene, add 
hydrogen under these conditions. In place of boron some of its compounds, 
such as boron hydride, and metallic compounds of boron, such as aluminum 
boride, may be used. Gases containing hydrogen may be used in place of pure 
hydrogen. 

1328. According to Gordan Hay 17 fine colloidal clay possesses catalytic 
properties for hydrogenations and oxidations, e.g., in hydrogenation of oils and in 
oxidation of alcohol to aldehydes. Its activity, is, however, much less than that 
of the catalysts usually employed, but as a catalyst support it offers great advan- 
tages. 

References 

1329 . Ruff. Activated charcoals and their adsorptive power. Z. angew. Chem., 1925, 
38 , 1164; Chem. Abst., 1926, 20 , 855. 

1330 . Henglein and Grzenkowsky. Adsorption of gases by wood charcoal at pressures 
above one atmosphere. Z. angew. Chem., 1925, 1186; Chem. Abut., 1925, 20 , 856. 

Carbonyls 

1331. Nickel Catalyst from Nickel Carbonyl. The facts that nickel carbonyl 
is soluble in fatty oils and that it can be readily decomposed by heating, liber- 
ating pure nickel in extremely fine division, were enough to suggest this as a 
method for preparing a hydrogenation catalyst. Accordingly, a number of pat- 
ents, dealing with the application of these phenomena, have been taken out, 
the earliest by Shukoff (Germ. Pat. 241,823, 1910). 

1332. Thomas 18 has compared the activity of catalyst prepared by thermal 
decomposition of nickel carbonyl in the presence of the substrate (cottonseed 
oil) with that of catalysts made in other ways. 

As carbon monoxide is a poison to nickel in hydrogenation in a closed system, care was 
taken !>efore the test was carried out to remove all traces of the gas by passing hydrogen 
through the oil at ordinary temperatures for a long period. The activity of this catalyst (d) 
was tested with cottonseed oil. the concentration of nickel l>cing 0.15 per cent. It compared 
with a catalyst on kieselguhr prepared by reduction with hydrogen (a) as follows; 


Time (mins.) 

Hydrogen absorption (cc.) 

(a) 

(d) 

2 

58 

45 

5 

149 

98 

10 

149 

134 

15 

339 

. . . 

20 

385 

167 


17 Chem. Age, 1920, 2 , 194; Chan. Abst ., 1920, 1070. 
11 Loc. cit., p. 5. 
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The activity of nickel prepared by decomposition of the carbonyl is little more than one-fourth 
that of nickel on kieselguhr prepared by method (a), although it compares favorably with 
unsupported nickel prepared by reduction. The activity of the latter is slightly lower, but 
of the same order as (d) above, an absorption of 149 cc. being observed in twenty minutes. 

1333. Shukoff claims the process of hydrogenating oils by means of nickel 
derived from the decomposition of nickel carbonyl. On heating to a tempera- 
ture of 200° or so, the carbonyl is decomposed, setting free, in a nascent state 
metallic nickel which acts as a catalyzer. Shukoff makes use of this reaction 
of nickel carbonyl by a method of apparent simplicity. Carbon monoxide is 
passed into a tube containing finely divided nickel and the nickel carbonyl 
formed is conducted to the oil, which is heated to about 180°. After sufficient 
nickel catalyzer has formed in the oil, the carbon monoxide stream is cut off, 
the temperature raised to 220° or 240° C. and hydrogen gas introduced to bring 
about hydrogenation. 

As an example: Into 8 kilos of cottonseed oil warmed to 180° C. a slow stream of 400 
liters of carbon monoxide is passed, which carbon monoxide has previously passed over a long 
layer of metallic nickel warmed to about 60° C.; finely divided active nickel separates in the 
oil; the stream of carbon monoxide is then interrupted, the temperature raised to 230° to 
240° C. t and hydrogen as a slow stream is run into the mixture during a period of five to six 
hours in an amount of 3000 liters. The reaction mixture on cooling is completely hard; by 
filtration the nickel can be removed and the product eventually converted into stearic acid. 

1334 . In the author's laboratory nickel carbonyl has been extensively examined as a 
source of nickel catalyxer. The carbonyl readily decomposes at temperatures between 125° 



Fio. 23. 

Photo-micrograph of Nickel Catalyxer derived from Nickel Carbonyl. X 100. 

and 180° C. and when decomposed in the presence of oil under some conditions the resulting 
nickel is very finely divided and imparts to the oil an inky black color. After standing 
for days or even weeks the nickel remains in suspension. A sample of cottonseed oil carrying 
about one-half of one per cent of nickel precipitated from nickel carbonyl was exposed to the 
action of a current of hydrogon gas under practically atmospheric pressure for a period of one 
hour and a solid product resulted having a melting-point of 47.6° C. and a refractive index of 
1.4445. 
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1335. The greatest difficulty in the use of nickel carbonyl appears to be the removal of 
finer portions of the nickel precipitate from the oil after hydrogenation, but this may be accom- 
plished by the observance of due precaution in filtration. The used catalyzer recovered by 
filtration is still active and may be used until its catalytic properties are spent. The spent 
material may be regenerated more easily than is the case with catalyzers consisting of nickel 
supported on a voluminous carrier of inert material. 19 

1 1336. Another modification of the nickel carbonyl process is described by the author 10 
and involves mixing the requisite amount of nickel carbonyl with hydrogen-gas, or water-gas, 
or other gas suitable for the purpose and then passing this mixture into the oil to be treated. 

The oil is brought to the decomposition temperature of the nickel carbonyl under these 
circumstances and the metallic nickel catalyzer is liberated in intimate contact with the 
hydrogen gas, effecting a rapid hydrogenation of the oil. 

1337. The employment of nickel carbonyl by Shukoff has been described in the fore- 
going. In a somewhat similar manner Lessing* 1 makes use of a mixture of hydrogen and a 
gaseous metallic compound brought into contact with the substance under suitable condi- 
tions of temperature and pressure. Lessing states he has found that a great number of sub- 
stances may be hydrogenated by treating them at elevated temperatures with hydrogen to 
which a metallic carbonyl vapor, or gas containing a metallic carbonyl, has previously been 
added; or with a mixture of gases, containing hydrogen in which metal carbonyl has been 
formed by combination of carbon monoxide, originally in the mixture, with a metal. The 
rapidity with which the hydrogenation proceeds under these conditions may be explained as 
the effect of the liberation of elementary metal, the properties of which in statu nascendi 
are known to be very different from those of metal which is merely finely subdivided. Les- 
sing observes that it has already been proposed to use as the catalyzer finely subdivided nickel, 
made by decomposing nickel carbonyl in the heated material prior to the introduction of the 
hydrogenating gas, but it was not known that technical advantages accrue from conveying 
the nickel carbonyl into the material simultaneously with the hydrogenating agent so that 
elementary liberation of nickel occurs in close contact with hydrogen and the substance to be 
hydrogenated. These advantages are that the proportion of catalyzer is very much reduced 
and the reaction proceeds much more rapidly. Lessing carries out his process in various 
ways. It is convenient to introduce nickel carbonyl into the hydrogen gas by passing a mix- 
ture of the latter with carbon monoxide over reduced nickel in the well-known manner for 
making nickel carbonyl. 

1338. The mixture of gases employed need not be of great purity and may be made from 
water-gas, or by the thermal decomposition of coal gas or of coke-oven gas or of hydrocar- 
bons of any kind, but best results are obtained when the amount of carbon monoxide in the 
gases is limited to that requisite for forming the nickel carbonyl necessary for the reaction, 
and in any case the proportion of carbon monoxide in the mixture should not exceed 25 per 
cent. For example, when an oil such as a glyceride or a fatty acid is being hydrogenated, the 
simplest mode of operating consists in passing hydrogen containing 5 to 10 per cent of car- 
bon monoxide first through a volatilizer charged with reduced nickel and then through the 
oil contained in a closed vessel heated to a suitable temperature, say from 200° to 240° C. 
The gases passing away from the vessel are returned to the volatilizer to be used again, hydro- 
gen or a gas rich therein being added to compensate for that absorbed by the oil. The pro- 
portion of nickel required for the hydrogenation is very small; under proper conditions excel- 
lent results can be obtained with a proportion equivalent to 0.1 part of nickel to 100 parts 
of oil. 

1339. Crossley ** refers to British patent to Lessing, 18,998, of 1912, and states that the 
process described therein appears to differ materially from others, more particularly in the 
novel method for bringing catalyst and oil in contact. According to this process hydrogen 
containing 5 to 10 per cent of carbon monoxide, such as may easily be prepared from water- 
gas or the thermal decomposition of coal gas or hydrocarbons, is passed over reduced nickel, 
with formation of nickel carbonyl. The nickel need not be pure, but in the form of such com- 
plex mixtures as are obtained in the treatment and reduction of nickel ores. The mixture of 
hydrogen and any desired proportion of nickel carbonyl is then passed into the substance to 

19 Apparatus adapted for handling nickel carbonyl and hydrogenating oils with the nickel 
material obtained by its decomposition is shown in U. S. Pat. to Ellis, 1,095,144, Apr. 28, 
1914. 

*° U. S. Pat. 1,154,495, Sept. 21, 1915. 

,l Brit. Pat. 18,998, 1912. 

“ PKarm. Soc. t Apr. 21, 1914; Pharm. J., 1914, 93, 604, 637 and 676; J.S.C.I . . 1914, 1135. 
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be hydrogenated at a temperature between 200° to 240° C. when the nickel carbonyl is 
decomposed and elementary nickel, in a very pure and particularly active form, is produced. 
Freeh nickel carbonyl is always passing into the substance to be hydrogenated, and the nickel 
is believed to act in the nascent condition at the moment of decomposition of the nickel car- 
bonyl. This, he states, seems to be borne out by the fact that if the same percentage of nickel 
be introduced into an oil as nickel carbonyl, the latter decomposed and then hydrogen passed 
in, there is practically no result from the commercial point of view. 




Figure 24a is a view of a hydrogenating apparatus suggested by Lessing and Fig. 246 repre- 
sents a section of the upper portion of the hydrogenating vessel showing a spraying nozzle 
through which the liquid to be treated may be forced. A is the vessel in which hydrogenation 
occurs. The substance to be hydrogenated is pumped from a supply tank through a pre- 
heater contained in a tank C, into vessel A which is heated by a steam jacket. The hydro- 
genated substance is forced by the pressure from vessel A into the tank C where it is used as 
heating agent. If finished it is run off; if not finished, it is returned by the circuit shown. 
The gases enter on the right, are compressed by compressor D, and forced through the vola- 
tilizer B , passing therein over reduced nickel. The gases issuing from volatilizer E and con- 
taining nickel carbonyl then enter vessel A. The gases left unabsorbed and now free from 
nickel issue from the vessel A through the right-hand outlet at the top of A and are passed 
through cooler F and can be either discharged or returned into circulation. Any oil carried 
along with the gases is deposited in the cooler F and may be run off. 


1340. The development of the oil-hardening industry nas been in the direc- 
tion of simplification. For this reason nickel carbonyl has failed to retain an 
important place as a source of catalyst for the hydrogenation of oils. Neverthe- 
less interest in the carbonyls in general is considerable. There are three reasons 
for this. In two youthful but lusty twin industrial developments of hydrogena- 
tion — the liquefaction of coal and the carbon oxide syntheses — the carbonyls 
figure as a source of trouble, as a source of catalyst and as an eliminator of 
trouble. We shall see that in certain of these processes it is deemed necessary 
to avoid contact between the reactant gases and any metal capable, in the pre- 
vailing conditions, of forming carbonyls. Again the carbonyls, undergoing ther- 
mic decomposition, deposit metals in a condition of exquisite fineness. This fact 
has been utilized for the preparation of catalysts. Thirdly, carbonyls, especially 
iron carbonyls, in light motor fuels, prevent premature explosion (detonation 
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“ knock,” “ pinking”). For these reasons we are presenting information about 
these singular metallic compounds. 

1340 . To prepare nickel carbonyl a combustion tube is filled with nickel oxide and this 
is reduced by hydrogen at about 400°; after cooling the nickel to about 100°, pure dry carbon 
monoxide is passed over it without further heating, and the issuing gas is led through a tube 
placed in a freezing mixture; the major portion of the nickel compound condenses as a color- 
less liquid. 

1341 . Nickel carbonyl thus prepared is a colorless liquid, which boils at 43° 
under 751-mm. pressure: its relative density at 17° is 1.3185. It solidifies at 
—25° to a mass of needle-shaped crystals. Its composition is represented by the 
formula Ni(CO) 4 . It dissolves in alcohol, and more readily in benzene and 
chloroform; dilute acids and alkalis have no action on it, but it is oxidized by 
concentrated nitric acid. It reduces an ammoniacal solution of cupric chloride, 
and also causes the separation of silver from an ammoniacal solution of silver 
chloride. It interacts with chlorine, forming nickel chloride and carbon oxy- 
chloride. It is decomposed at 180° (in boiling aniline vapor) into nickel and car- 
bon monoxide. The atomic weight of the deposited metal was found in three 
experiments to be 58.52 to 58.64, a result closely corresponding with Russell’s 
value, 58.74. 

1342 . The reactions of nickel carbonyl are generally those dependent upon 
the presence in it of nickel, but when they arc induced gently and at low tem- 
perature, bodies comparable to organo-metallic compounds are formed. The 
vapor of nickel is not sensibly soluble in water or dilute acid or alkaline solu- 
tions or cuprous chloride. Hydrocarbons are its natural solvents; spirits of tur- 
pentine is specially suitable, and can be used for determining it. Explosion of a 
mixture of nickel carbonyl and oxygen can be effected by violent agitation over 
mercury as well as by direct ignition. Slow union takes place when such a mix- 
ture is kept in contact with a little water. In contact with strong sulphuric acid 
dry liquid nickel carbonyl explodes after a short interval, but if in the form of 
vapor and diluted with nitrogen it is decomposed gradually, the theoretical 
quantity of carbon monoxide being liberated. Strong caustic potash has no 
perceptible action on nickel carbonyl. Gaseous ammonia does not act immedi- 
ately per se, but if a little oxygen be added, fumes are produced, and if the action 
of oxygen be continued a whitish deposit of complex composition is gradually 
formed which is destroyed with charring on being heated. 

1343 . Sulphuretted hydrogen acts on nickel carbonyl vapor, mixed with 
nitrogen in the cold, a black sulphide (of nickel) being precipitated. Phos- 
phoretted hydrogen under similar conditions gives a brilliant black deposit. 
Nitric oxide if mixed with nickel carbonyl vapor, diluted with nitrogen, or passed 
into the liquid itself, produces blue fumes, which fill the whole vessel. The for- 
mation of nickel carbonyl proves carbon monoxide to be capable of forming 
organo-metallic compounds similar to those derived from hydrocarbons, and 
analogous to the salts of rhodizonic and croconic acids produced by the union of 
the condensed derivatives of carbon monoxide with an alkaline metal. Nickel 
carbonyl serves as an example of the tendency of carbon monoxide to form loose 
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combinations and products of condensation, in virtue of its character as an 
unsaturated body. 

1344. Nickel carbonyl, according to Berthelot,** can be preserved under 
water, but if contained in a bottle with an ordinary ground-in stopper becomes 
slowly oxidized, and a layer of apple-green nickel hydrate is formed, which is 
free from carbon. A portion of it, however, makes its way out of the bottle 
and is oxidized, forming a fume which is deposited on adjacent objects. 

1345 . When attacked by oxidizing agents, e.g., nitric acid, chlorine, or bromine or by 
sulphur, decomposition ensues, nickel salts being formed and carbon dioxide liberated. 
Metals, alkalis, non-oxidizing acids and the salts of other metals produce no change. Nickel 
carbonates of composition varying with the hygroscopic state of the atmosphere are formed 
by exposing the liquid to the action of the air. These precipitates dissolve easily in dilute 
acid. An intense blue coloration is obtained when nitric oxide is passed through a solution 
of nickel carbonyl in alcohol (Berthelot). 

Nickel carbonyl is very diamagnetic, and an almost perfect non-conductor of electricity 
(Quincke). All other nickel compounds are paramagnetic. It is opaque for rays beyond the 
wave length 3820, and its flame gives a continuous spectrum (Liveing and Dewar). 

Perkin found the power of magnetic rotation of nickel carbonyl to be greater than that 
of any other substance he has examined, except phosphorus. Mond and Nasini found the 
atomic refraction to bo about 2.5 times as large as in any other nickel compound, and the former 
proved it to have great refractive and dispersive powers. The atomic refraction of a liquid 
ferro-carbonyl bears about the same ratio to the atomic refraction of other iron compounds. 
This ferro-carbonyl is similar in preparation and properties to the nickel carbonyl, and at 
180° C. the iron is thrown down in bright mirror-like form, carbon monoxide being liberated. 
Its composition is Fe(CO)*. 

1346. To extract nickel from its ores Mond uses an apparatus, Fig. 25, con- 
sisting of a cylinder divided into many compartments, through which the prop- 



erly prepared ore is passed very slowly by means of stirrers attached to a shaft. 
On leaving the bottom of this cylinder the ore passes through a transporting 
screw, and from this to an elevator which returns it to the top of the cylinder, 
so that it passes many times through the cylinder until all the nickel is volatilized. 
Into the bottom of this cylinder carbonic oxide is passed, which being charged 
with nickel carbonyl vapor leaves at the top, and passes through the conduits 
shown into tubes set in a furnace, and heated to 200° C. Here the nickel sepa- 
rates from the nickel carbonyl. The carbonic oxide is regenerated and taken back 


*» BuU. Soe. Chxm., 1892. 434. 
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to the cylinder by means of a fan, so that the same gas is made to carry fresh 
quantities of nickel out of the ore in the cylinder, and to deposit it in the tubes 
an infinite number of times. When the carbonic oxide comes out at the top of 
the cylinder it passes through a filter to catch any dust it may contain. The 
carbonic oxide, on escaping from the depositing tubes, is passed through another 
filter, thence through a lime purifier to absorb any carbon dioxide which may 
have been formed. By means of this apparatus nickel has been extracted from a 
great number of ores, in times varying, according to the nature of the ores, from 
a few hours to several days. A well-illustrated account of the manufacture of 
nickel by the Mond Nickel Co., Ltd., is contained in J.S.C.I . , 1927, 46 , 386. 

1347 . Nickel carbonyl is decomposed u by passage through a mass of pel- 
lets of metallic nickel, heated to about 200° C., causing nickel to be deposited 
and the pellets to increase in size. The apparatus consists of a vertical cylinder, 
in which the pellets are placed, with heating spaces formed by an outer casing. 
A vertical, cooled, perforated tube for the gaseous carbonyl leads from the top 
down the center of the mass of pellets, nearly to the bottom of the cylinder. To 
prevent the pellets cohering, they are kept in motion by continuously with- 
drawing them from the lower end, mechanically screening them with the assist- 
ance of worm conveyors, and returning the small ones by an elevator to a feed- 
ing hole at the upper end for further treatment with the carbonyl. The pellets 
which have sufficiently increased in size are passed from the screen and thence 
through a valved opening into a collecting chamber. 

1348. Preparation of Nickel Carbonyl. A convenient laboratory process for 
the preparation of nickel carbonyl is given by Laird 16 and is described here as 
improved by van Duin.* 6 Nickelous oxalate is heated at 290°-300° C. in a cur- 
rent of hydrogen. Over the finely divided nickel so obtained, carbon monoxide 
dry and oxygen-free , is led at 90° C. The carbonyl can be condensed in a tube 
surrounded by ice and salt. (Laird used liquid air or carbon dioxide snow and 
acetone.) 


1349. In the preparation of nickel-carbonyl by passing carbon monoxide over reduced 
nickel deposited on pozzuolana the optimum temperature was 45° C. at a pressure of 3 cm. of 
mercury. Within reasonable limits the yield of carbonyl from a given volume of carbon 
monoxide was independent of the rate of flow of the gas, provided the velocity was not so 
great as to prevent adequate condensation of the product. The coefficient of utilisation of 
the metal was 84 per cent, and of the gas 37 per cent. 17 

1360. Preparation of Iron Tetracarbonyl. In an article on the derivatives and actions 
of iron pentacarbonyl Freundlich and Cuy 9 give as the best method of preparing the tetra- 
carbonyl to heat the pentacarbonyl, in absence of air, with a slight excess of caustic alkali 
solution. The carbonyl may be extracted with ether.® 


u Mond, Brit. Pat. 1106, Jan. 14, 1898. 
u Rec. trav. chim., 1927, 46, 177; Chan. Abet., 1927. 11, 2024. 

11 Rec. trav. chim., 1927, 46, 381; Chan. Abet., 11, 1927, 2624. 

77 Tassilly, K. Penau, and K. Roux. Bull. Soc. Chim., 1921, 19, 862-864; J.S.C.I ., 1921, 
40, 846 A. 

9 Ber., 1923, 56B, 2264; cf. Freundlich and Malchow. Z. anorg. Chan., 1924. 141, 317. 

9 A detailed article on the properties of iron carbonyls by Mittasch will be found in Z. 
angew. Chem., 1928, 827. 
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1361. Manufacture of Iron Carbonyl. 10 In the manufacture of iron carbonyl 
by passing carbon monoxide over metallic iron at a high pressure, the speed of 
reaction is increased when the temperature is raised above 140°, and under such 
conditions the yield of product is considerably increased by reducing the tem- 
perature of the gases before releasing the pressure. The temperature of the reac- 
tion gases is reduced by utilizing the heat, while the gases are still under high 
pressure, for preheating the fresh gases introduced into the apparatus. 31 

1362. A letter from Taylor 33 states that the Badische Co. 33 pass carbon 
monoxide (50-100 atmospheres) over iron heated to 180°-200° C. at a rate such 
that only 2-8 per cent, by volume, of carbonyl is produced. This method of 
working avoids condensation of carbonyl on the iron. 34 

IMS. Another method for obtaining iron carbonyl consists in heating scrap iron to 
600° C., treating it with air and steam to convert it completely to ferric oxide, then reducing 
it with hydrogen at 450°-500° C. and finally treating it with carbon monoxide. 1 * 


1364. Cobalt Carbonyl. Muller and Keunecke 38 produce cobalt carbonyl 
by acting on metallic cobalt with carbon monoxide under a pressure of at least 
5 atmospheres, and cooling the reactant gases, before release of the pressure. 
The pressure is said to be at least 7.4 atmospheres, with a temperature of 50° C., 
and 200 atmospheres with a temperature of 150°-170° C. The non-condensed 
carbonyl may be caught by scrubbing or by cooling to 0° C. All connections 
must be kept above 50° C. 

1364A. Increased yields are obtained in the manufacture of cobalt carbonyl 
from cobalt and carbon monoxide by excluding oxidizing agents during the 
preparation of the metal and by passing the carbon monoxide over a catalyst of 
an oxide of manganese or copper or a mixture of these oxides to remove free 
oxygen. 38 * 

1366. Nickel and Cobalt Carbonyls. A difficulty in the manufacture of these 
carbonyls is due to the passivity of the metals. Highly reactive metal can be 
prepared by reducing the hydroxide precipitated from the solutions of the com- 


10 Brit. Pat. 250,132, Nov. 25, 1925, to Johnson from the Badische Co. 

31 Brit. Chem. Abat., 1916, 487B. Details and modifications in operating conditions are 
given in Brit. Pat. 259,407 to the same patentee; Brit. Pat. 298,714, July 28, 1927, applies 
the same process to the preparation of cobalt carbonyl (Chem. Abat., 1929, 23, 3058). 

33 J.S.C.I. , 1929, 222. 

33 Brit. Pat. 244,895, Nov. 26. 1924. 

34 Brit. Pat. 269,625, Jan. 11, 1926, prescribes elevated temperatures and (preferably) 
elevated pressures and carbon monoxido flowing very slowly, if at aU. The product is led to 
cool surfaces outside the reaction zone. (Chem. Abat., 1928, 22, 1446.) These surfaces are 
very near the reaction zone and the gas reaches them by diffusion or convection (Brit. Chem . 
Abat., 1927, 481B). 

33 Canadian Pat. 284,972, Nov. 20, 1928, to Schlecht and Kennecke (assigned to I. G.); 
Chem. Abat., 1929, 23, 938. C/., French Pat. 652,594, Apr. 12, 1928 to the I. G., for a similar 
method, applied specifically to the preparation of the carbonyls of iron, nickel and cobalt 
(Chem. Abat., 1929, 23, 3547). 

38 Canadian Pat. 278, 950, Mar. 27, 1928; Brit. Pat. 298,714, July 28, 1927. 

38A Brit. Pat. 307.112. Mar. 12, 1907, to Johnson (from the I. G .) ;Brit. Chem. Abat., 1929, 
393B. 
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plex ammonium compounds. Precipitation of the metals by zinc may also be 
used. 17 

1366. Carbonyl as a Catalyst 18 In the synthin process for producing hydro- 
carbons from mixtures of hydrogen and carbon monoxide, with substantially less 
hydrogen than the theoretical quantity for forming methane, a metal prepared 
from the carbonyl may serve as catalyst. 

1367. Pure Iron from the Carbonyl . 39 A method is described of preparing 
pure iron by thermal decomposition of the carbonyl. The essential feature is 
the decomposition of the carbonyl without bringing it in contact with the hot 
walls of a reaction vessel. Important points also are methods for controlling 
the reaction temperature. The original should be consulted for details. The 
interest to our subject matter is double: first, the iron so produced is used as a 
catalyst; 40 second, other catalytic metals are produced in fine powder by the 
same process. 41 

1368. Cobalt, Nickel and Molybdenum . 48 The process mentioned in the 
preceding paragraph is applied to the obtaining of cobalt, nickel and molyb- 
denum in a finely divided form. In each case the carbonyl may be dissolved 
(e.g., in benzene) or it may be sprayed into the free space of the reaction 
chamber. 48 

1369. Metallic Colloids and Knock Suppression. Experiments show that 
nickel sols prepared by heating nickel carbonyl in boiling hexane increase the 
highest useful compression ratio (H.U.C.R.) of gasoline to nearly the same extent 
as undecomposed nickel carbonyl, but that by increasing the temperature of 
decomposition to 85° the improvement becomes negligible. Lead tetraethyl 
behaves similarly, the lead sol produced at 250° giving an increase in H.U.C.R. 
of 5 per cent, but that prepared at 300° shows no increase. 44 

1360. Iron Carbonyl in Motor Fuel. The r61e of iron carbonyl as an “ anti- 
knock ” constituent of fuel for internal combustion engines is expounded in an 
article published in 1926 at the behest of the Badische Co. 4i The iron penta- 
carbonyl is described as an orange-colored fluid, sp. gr. 1.45. It boils at 300° C. 
and its flash-point is 20° C. It evaporates about as does gasoline. It is miscible 
with gasoline in all proportions. It decomposes in light but is otherwise stable. 
As to the anti-knock potency of the carbonyl, the effect produced by the addition 

87 Brit. Pat. application 296,558, Sept. 5, 1927, by Johnson (from the I. G.); French Pat. 
650,839, Mar. 14, 1928. 

m U. S. Pat. 1,698,602, Jan. 8, 1929, to Mittaach, Muller, Schlecht and Schub&rdt, 
assigned to the I. G. 

m Brit. Pat. 269,677, Jan. 23, 1926 (to Johnaon, an I. G. communication). 

40 E. g., according to the I. G. British patent application 271,452. 

41 Chem. Age , London, 1927, 16, 534. C/. Brit. Pat. 281,963, June 25, 1927, same patentee. 
Chem. Abet., 1928, 22, 3623. 

49 Brit. Pat. 284,087, Feb. 4, 1927, to the I. G. Farbenind. A.-G. 

48 Chem. Age, London, 1928, 182, according to Mond and Wallis (/. Chem. Soc., 1922, 
121, 29) molybdenum carbonyl, Mo*(CO)h, is very difficult to prepare. 

44 Olin and Jebons, Ind. Eng. Chem.. 1929, 21, 43; Brit. Chem. Abet., 1929, 159B. 

44 Erdoel and Teer , April 8, 1926. A translation by Trueadell appeared in Nat. Petroleum 
News, June 2, 1926. Cf. Ostwald, Petroleum , 1929, May 8, 3, and Tegner, Flight , 1929, Jan. 31; 
Mech. Engr., 1929, 408. 



CARBONYLS 


171 


of 40% of benzene to 60% of gasoline is said to be obtained by using 0.20 to 0.25 
of carbonyl. 4 * For iron carbonyl the tetraethyl lead ratio is said by Edgar to 
be 13 : 5. 

1361. Rendering Iron Carbonyl Stable In Light. 47 This instability in light is avoided 
by adding to ita solution (in gasoline) a coloring substance, an organic acid, an ester or an 
oxygen containing substance of high molecular weight capable of acting as a protective col- 
loid, or a solid hydrocarbon boiling above 275° C. Examples of suitable substances are: 
the iron compound of acetylacetone, oil brown dye, wool fat, naphthenic acids, rubber. Iron 
carbonyl alone is liable to spontaneous ignition. To prevent this it is directed 48 to add Uquid 
hydrocarbons, or halogenated hydrocarbons or alcohols. 48 

1361 . The instability of carbonyls in light is utilized for removing them from organic 
liquids such as synthetic methane. Such liquids containing less than 10 per cent of carbonyl 
are exposed to ultra-violet radiation for this purpose. 60 

1363. Fixation of Unsaturated Molecules by Metals Produced from Organo- 
metallic Derivatives. 61 On keeping a solution of ferrous ethyl iodide, metallic 
iron is deposited as a mirror, ethylene and ethane also being formed. These 
changes are explained by the following scheme :2FeEtI— >FeEti + Fel a — >2CiH 4 -f 
FeH a + Felt— > CiH 4 + C a H # + Fe + Fell, where ferrous hydride reduces ethy- 
lene to ethane. The iron deposit, which contains traces of ferrous ethyl iodide, 
is pyrophoric and decomposes water to give hydrogen. 

Nickel, cobalt, chromium, and manganese are also produced in active forms 
from a halide salt and magnesium ethyl bromide, part of the metal being pre- 
cipitated, the rest remaining in (colloidal) solution. Thus, when an ether-ben- 
zene solution of magnesium phenyl bromide is treated, in absence of air, with 
nickelous chloride, a solution is obtained which (1) rapidly absorbs carbon mon- 
oxide, in amount corresponding with the formation of nickel carbonyl; (2) slowly 
absorbs, per atom of nickel, 2 mols. of nitric oxide (giving a bluish-green solu- 
tion); (3) absorbs ethylene (2 mols. for each atom of nickel) to give a reddish- 
brown solution; (4) absorbs acetylene (Ni : 3C a H a ); and (5) rapidly absorbs 
hydrogen (2H* : Ni), nickel hydride being precipitated as a black, very reactive 
powder.” 

1364. A description of the metallic carbonyls, their technical production, 
industrial applications and other uses will be found in an article by Mond in 
Ckimie et Industrie, 1929, pp. 681-700. 

1366. Manchot and Gall prepare nickel carbonyl by mixing an aqueous solu- 
tion of nickel sulphate in an atmosphere of carbon dioxide with potassium hydrox- 
ide and ethyl mercaptan; after some time the pressure in the vessel rises owing 
to the production of nickel carbonyl. The gaseous products are driven succes- 

44 Similar use of nickel carbonyl (0.3 per cent) is claimed in Brit. Pat. 259,314, July 10, 
1925, to Asiatic Petroleum Co.. Ltd., and Kewley. Cf. Tegner, loc. cit . 

47 Brit. Pat. 260,639, May 2, 1925, to the Badische Co.; Chem. Abst ., 1927, 61, 3430. 

• Brit. Pat. 260,640 to the Badische Co. 

m The mixtures described in this paragraph appear to be covered by Can. Pats. 262.600, 
and 262,601, both of July 13, 1926, to Mdller-Cunradi and Kossuth, and to Mittasch and 
Mftller-Cunradi, respectively. 

60 U. 8. Pat. 1,679,256, July 31, 192fi, to M llller, Frankenburger and Graaanor (to the I. G.). 

41 Job and Reich, Compt. rend., 1923, 177, 1439. 

M /. Chem. Sor.., Abst., 1924 (i), 154: in the same connection, see Job and Reich, Compt. 
end., 1924. 179. 330: Chem. Abet., 1925, 19, 236. 
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sively through an aqueous suspension of mercury acetate and a calcium chloride 
tube, after which the carbonyl is condensed in acetone-carbon monoxide. The 
solution is again treated with carbon monoxide and the process repeated. Even 
better results are obtained by the action of carbon monoxide on nickel sulphate 
mixed with potassium hydroxide and hydrosulphide. If nickel sulphate is replaced 
by iron sulphate, the production of small amounts of a volatile iron carbonyl 
is observed. With cobalt salts a marked absorption of carbon monoxide occurs, 
but a volatile cobalt carbonyl is not produced; the action may be utilized for the 
detection of small amounts of nickel in cobalt salts. ftl 



1366. Experiments by Carothers and Adams (see Fig. 25a) on the effect of 
various amounts of catalyst upon the speed of reduction of a standard amount 
of benzaldehyde (see Chap. XIX, page 212) gave results showing the high activity 
of platinum-oxide platinum black. All factors remained constant except the 
amount of catalyst. It is remarkable how rapidly such an extremely small 
amount of platinum catalyst will cause the reduction of benzaldehyde to take 
place, providing ferrous chloride is present. In each of the experiments, 21.2 g. 
of benzaldehyde was dissolved in 50 cc. of alcohol, and 1 cc. of aqueous 0.1 M fer- 
rous chloride was added. When 0.23 g. of catalyst was used, the reduction was 
was complete in 23 minutes, with 0.115 g. in 34 minutes, with 0.0575 g. in 60 
minutes, and with 0.0288 g. in 5.5 hours. The catalyst in each of these experi- 
ments was taken from a single sample. 64 

61 Ber., 1929, SIB, 678; Brit. Chem. Ab*t., 1929. 526A. 

64 J. Am. Chem. Soc. 1923, 45, 1071. 
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HYDROGENATION IN ORGANIC CHEMISTRY 
CHIEFLY NOlf-IIfDUSTRIAL 

1400 . At the outset we said that we would not limit our subject-matter to 
catalytic hydrogenations in the strictest sense of the term, namely, to simple 
additive reactions. Catalytic reactions in which molecular hydrogen takes an 
active part, and some cognate reactions will be dealt with in this section on hydro- 
genations in organic chemistry. The commonest of these involve additions of 
hydrogen at an unsaturated carbon to carbon linkage, acetylenic or ethylenic. 
But there are other unsaturated linkages, though we do not habitually think of 
them as such. 

1401 . For example, C : 0, C : N, C j N are all susceptible of hydrogena- 
tion. Probably the reason why the unsaturated character of these linkages is 
not obvious is because, unlike the acetylenic and ethylenic linkages, they yield, 
on hydrogenation, bodies which do not belong to the same class as the parent 
substances. Thus while an olefine hydrocarbon on hydrogenation yields a paraf- 
fin hydrocarbon, a nitro compound yields an amine, a ketone a secondary alcohol 
or a hydrocarbon and so on. In addition to hydrogenation of unsaturated link- 
ages there are other catalytic reactions with molecular hydrogen with which we 
shall deal. For example, there is an important development in dehalogena- 
tions, by catalytic hydrogenation; again, sometimes, the result of an attempt 
to hydrogenate is a breaking up of the molecule with hydrogenation of the 
fragments. 

1402 . The quantity of research done on catalytic hydrogenation is prodigious 
and the literature is extremely voluminous. It is, therefore, from necessity 
rather than from choice that our presentation takes the form of an indication of 
work done and of an index of sources rather than of an exposition of the subject. 
Indeed, notwithstanding the vast amount of labor expended, but few generali- 
zations have emerged. Those tentatively put forward have proved somewhat 
unstable: what was dogma yesterday is but pious ORioion to-day and risks 
being heresy to-morrow. At present we are still in the stage of hunting facts, 
of amassing data. Pitfalls await the feet of him who enters the fields with blind 
confidence in the guidance of a priori deductions. 

1403 . It is true that we know that certain points of attack for hydrogena- 
tion in a molecule will surrender more easily than others. Thus, an unsaturated 
nitro-compound will usually be hydrogenated to an unsaturated amine more 
readily than to a saturated nitro-compound. But nitrostyrene, phenylnitro- 
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ethylene, is an exception. An attempt to hydrogenate it in alcohol or acetic acid 
solution leads to saturation without the nitro group being affected. 1 

1404. With present-day knowledge of catalysts almost any unsaturated 
linkage can be hydrogenated catalytically. But not every catalyst will produce 
the same result and, what is important, the products of catalytic hydrogena- 
tion are sometimes quite different from those obtained by other methods, and 
even more often, when the possibility exists, they are geometric isomerides of 
the latter. 

1406. It has been usual to arrange catalytic operations in categories of proc- 
esses. Thus all hydrogenations over nickel in the vapor phase have been classed 
together for purposes of exposition, while hydrogenations in the liquid phase are 
treated in a different section. For readers who are chiefly interested in catalysis 
as such this arrangement is admirable. 

1406. We feel, however, that most of our readers will wish to know how a 
particular hydrogenation can be effected. Therefore, all methods giving the 
same result should be grouped together, no matter how diverse the techniques. 

1407. This dictates the classification either under the head of the product 
or of the parent substance. W r e have adopted the latter method: the hydro- 
genations described in this section are arranged according to the substances to 
be hydrogenated. This is true, in a general way, within the subsections. 

1408. The division into subsections, however, was dictated by considera- 
tions of convenience. Sometimes the general class to which a substance belongs 
causes it to be allotted to a particular subsection. Thus all compounds with an 
acetylenic linkage will be found in a special subsection: the same is true of ter- 
penes and compounds conveniently associated with them. In other cases the 
division into subsections has been made according to the results attained. Thus 
we have a section devoted to hydrogenation of ring nuclei of carbocyclic com- 
pounds, another to hydrogenations affecting nitrogen linkages, and a third to 
dehalogenations. 

1409. In the matter of nomenclature we expect to be charged with incon- 
sistency and we, hereby, enter a plea of confession and avoidance. In general, 
we have used the nomenclature of the source, except sometimes in the matter 
of spelling. In this way we hope that we have minimized error in our record. 

1410. Nomenclature in organic chemistry is almost a professional specialty. 
We confess that we are not experts in that specialty and it is with some trepida- 
tion that we carefully transcribe (and proof-read) for example, that: 

2-methoxy-4 : 6-diphenyl-3 : 3-dimethyl-3 : 4-dihydro -1 : 2-pyran is hydrogenated 
to 2-methoxy-4 : 6-diphenyl-3 : 3-dimethyltetrahydropyran; and 

ethyl 0-methyl-A a -tridecene-av-dicarboxylate to ethyl /3-methyltridecane-ay- 

dicarboxylate. 

With pencil and paper we could w'ork out those formulae. But when a 
decision is sought between the Greek letters and the 11 arabic ” numerals, we 
prefer the safety of a ringside seat to the precarious dignity of the referee's office. 

1 Only one atom of hydrogen is taken and 2 molecules condense (see para. 2543). 
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1411 . We count ourselves fortunate not to have encountered, in preparing 
this book, the following: 41 5 B-l : 1 : 22, 2 : 2 : 15, 3:3:8, 9 : 9 : 14, 

16 : 16 : 21,-q/cio-hexacosa-A 4:6:lo:i2:l7 ' 19:28:25 octene,” or “ hexar-3, 4-hexar'-2, 
3-hexar"-2, 3-hexar; 4', 5'-hexar; 4", 5"-hexar.” 1 2 Even with the aid of 
several pencils and a quire of paper we doubt our ability to decode these 
cryptograms and to discover in both these names synonyms for 9, 10- 
diphenylene phenanthrene. A glance at the “System der organischenVerbindungen” 
recently published by the German Chemical Society as a guide-book to Beilstein, 
will afford some idea of the complexity of the nomenclature. 


Steric Hindrance: Geometric Isomerism 

1412 . Recently hydrogenation has begun to be applied to the investigation 
of geometric isomerism. Vavon seems to be the pioneer of this work. 3 This 
line of inquiry is somewhat foreign to the purpose of this book. For this reason 
and because of the difficulty of presenting the results in a succinct form we shall 
content ourselves with a few examples and some references. The Zalkind (Sal- 
kind) and Ott articles are somewhat polemical. 

1413. Orthopropylphenol. 4 * * Hydrogenation of orthopropylphenol with platinum-black 
catalyst in acetic acid yields a mixture of orthopropylcyclohexanols with the cis-form pre- 
dominating. This cia-compound oxidised by chromic acid mixture gives orthopropylhexanone 
whose oxime, hydrogenated with platinum-black gives orthopropylcyclohexyl-0-hydroxyl 
amine. 

1414. The semicarbasone of the same ketone gives, on hydrogenation in hydrochloric 
acid with platinum-black, the hydrochloride of the semicarbazide. 

1415. Isopropylphenol. 5 The influence of the isopropyl group is less marked in the para - 
than in the orfAo-position, and the difference in reaction velocities between the cis- and trans- 
forma of p-isopropylcyclohexanol is considerably smaller than between the cis- and trans- 
forms of 2-isopropylcyclohexanol (be. cil.). p-Nitroisopropyl benzene is reduced by hydro- 
gen more rapidly than the o-isomeride, affording an 80 per cent yield of p-isopropylaniline, 
converted by the diaso reaction into p-isopropylphenol (yield 65 per cent). Hydrogenation 
of the phenol in acetic acid in presence of platinum-black is also more rapid than with the 
o-isomeride, and affords a mixture consisting of 1 part of isopropylcyclohexane and 2 parts of 
a mixture of the cis - and frans-forms of 4-isopropylcyclohexanol in approximately equal pro- 
portions. The same mixture of alcohols is obtained by hydrogenation of 4-isopropylcyclo- 
hexanone affording, on hydrogenation in dilute hydrochloric acid in presenco of platinum- 
black, /5-4-isopropylcyclohexylhydroxylamine; the semicarbazone, similarly affords 4-iso- 
propylcyclohexylsemicarbaxide, in ether or acetic acid in presence of platinum-black. Hydro- 
genation of the ketone in acetic acid containing hydrochloric acid affords a mixture in which 
the cis-4-isopropylcyclohexanol preponderates, the influence of the medium being thus mani- 
fested when steric hindrance is less marked. 4 

1416. Hydrogenation of 2-iaopropylcyclopentanone. in presence of platinum-black, in 
acetic acid containing 10 per cent of hydrochloric acid affords a mixture of 2-isopropylcyclo- 
pentanols in which the cts-isomeride predominates, but not to the extent observed in the case 
of the 2-ieopropylcyclohexanois. 7 

1 Patterson, J. Am. Chem. Soc., 1928, 60, 3074. 

1 Vavon: Method for determining the cis-frans-isomerism in cyclic compounds. Bull . 
soc. chim., 1926 jiv) 39, 666. Application of catalytic hydrogenation results interpreted by 

the theory of steric hindrance: idem. Rev. qln. sti., 1924, 35, 505, contains 65 references. 

4 Vavon and Anziani, Bull. Soc. chim., 1927, 41, 1638; Chem. Abst., 1928, 13, 1334. 

1 Vavon and Callier, Bull. Soc. chim., 1927, 41, (iv), 677. 

4 Bril. Chem. Abst., 1927 , 455A. 

7 Vavon and Apchie, Bull. Soc. chim., 1928, 43, (iv), 667. 
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1417. Cit- and Trans- Forma of Borneol. 1 d- Borneol prepared from camphor hydrogen- 
ated in acetic acid in presence of very active platinum-black gave more than 90 per cent 
/- isoborneol; when the absorption of 1 J molecules hydrogen had taken place. When 2 mole- 
cules were absorbed, CioHu, the hydride of camphene, was formed, the /-isoborneol being 
dehydrated then hydrogenated. The yield was about 5 per cent d-bomeol and 95 per cent 
CioHu. 

1418. /-Isoborneol must be the cis-form, d-bomeol the trans-form, because more of the 
cis- than of the trans - form is produced in hydrogenation of a ketone, and the cis-form is more 
slowly reactive than the trans-form, which statements apply to the iso-bomyl and to the borayl 
series respectively. This differentiation isboraeout by the other observations cited in thearticle. 

1419. Differentiation of C/s- and Trans-Ethjlenic Compounds by Catalytic Hydro- 
genation. Paul and Schniedewiti • find that, when hydrogenated in alcoholic solution in 
presence of palladium (from palladous hydroxide) on barium sulphate or on calcium car- 
bonate, evs-ethylenic compounds are invariably more readily reduced than the correspond- 
ing fra ns -com pound. The work was done on maleic and fumaric acids, citraconic and mesa- 
conic acids, oleic and elaidic acids, cis- and trans - cinnamic acids. 

1420. Synthesis of C««-ethyIenic Compounds. A a -Pentinenoic acid hydro- 
genated in presence of colloidal palladium yields a A®-pentenoic acid. A a -Hexi- 
nenoic acid when reduced in presence of colloidal palladium yields a A°-hexenoic 
acid. Since these acids are different from the stereoisomeric acids already 
known, and these latter probably have the /rarw-configuration, it is probable 
that the acids here described have the os-configuration. Reduction of phenyl- 
acetylenol in presence of colloidal palladium yields an allocinnamyl alcohol, 
b.p. 120.5°/13 mm. (phenylurethane, m.p. 89.5°), thus differing from ordinary 
cinnamyl alcohol. Support is thus found for the generalization that partial 
reduction of acetylenic compounds yields os-ethylenic derivatives. (Bourguel 
and Yvon, Compt. rend., 1926, 182, 224). 


References on Stereoisomerism 

1481. v. Auwers and Schmelzer. Determination of the configuration of space isomeric 
hydroaromatic compounds (prepared by different methods of hydrogenation). SiUb. Ges. 
BefOrdcruno Qtsamten Naturwissenschaften Marburg, 68, No. 4, 113; Chem. Zentr., 1987, II, 
1562; full abstract in Chem. Abst., 1928, 88 , 4486. 

1488. Ott and Schr&ter. Semi-hydrogenation of the acetylenic linkage and dependence 
of the geometrical compound so formed on the rate of reaction. Ber., 1927, 60B, 624; Brit. 
Chem. Abst., 1987, 441 A. The laws governing hydrogenation of acetylenic linkage not stereo- 
chemical : the course of the change is a question of energy. 

1483. Salkind (Zalkind). Formation of geometrical isomerides by reduction of acety- 
lenic glycols. Ber., 1927, 60B, 1125; Chem. Abst., 1927, 81, 2459; Brit. Chem. Abst., 1927, 
643A, answers Ott and Schrdtor. 

1484. Ott, Ber., 1927, 61B, 2119; Brit. Chem. Abst., 1988 1351A. Ott (with Behr and 
Schroter), Ber., 61B, 1928, 2124; Chem. Abst., 1929, 83, 385; Brit. Chem. Abst., 1989, 1350A 
(both abstracts full). 

1486. Catalytic Hydrogenation of Conjugated Doable Bonds. 10 It is well known 
that conjugated double bonds, 


are more easily accessible to hydrogenation than the isomeric nonconjugated systems and 
react especially at the 1 : 4 position. The question whether this fact is true only for nascent 
hydrogen or also holds for catalytic hydrogenation was raised in connection with the cata- 

1 Vavon and Peignier, Bull. Soc. chim., 1928, 39, 924. 

# Ber., 1927, 60B, 1221. 

10 Vavon and Jakes, Compt. rend., 1926, 183, 299; Chem. Abst., 1926, 80, 3447; aee 
further: Vavon, Bull. Soc. chim., 1927 [ivl 41, 1598; Brit. Chem. Abst., 1988, 150A. 
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lytic hydrogenation of carvone, which proceeds abnormally. To answer it material for 
experiment was selected in such a way that in every case the capacity for taking on hydrogen 
could be compared between similarly constructed or isomeric compounds with and without 
conjugation: styrol with cinnamic acid and benxalacetone ; allyl acetic acid with dimethyl 
acrylic acid. etc. It turned out that the presence of a conjugated system exercised no impor- 
tant influence, and, with further experiments, that the 1 : 4 position is not accessible to cata- 
lytic hydrogenation. The latter is clearly different from the action of nascent, that is, atomic 
hydrogen. It should be noted, however, that the materials of experiment include only unlike 
conjugated systems: — C=C — C=0; moreover, in styrol, which Vavon and Jakes men- 
tion as conjugation-free, the presence of a crossed conjugation may be assumed. 

References to Hydrogenation of Conjugated Double Bonds 

1426. Hydrogenation (non-catalytic) of conjugated compounds. Evans and Farmer, 
J. Chem. Soc., 1928, 1644. Discussion and experiment: Hydrogenation of crotylidene ace- 
tone, sorbic acid, ethyl muconate. 

1427. See also: Farmer, Lavoia, Swits, and Thorpe, J. Chem. Soc., 1927, 2937; Chem. 
Abet., 1928, 22, 941: Lebedev and Yakubchik, J. Chem. Soc., 1928, 823 and J. Russ. Phye. 
Chem. Soc., 1927, 59, 981; Bril. Chem. Abet., 1928, 613A; Chem. Abet., 1928. 22, 4460. Idem, 
J. Ruee. Phye. Chem. Soc., 1928, 60, 793; Brit. Chem. Abet., 1928, 968A : Idem. J. Chem. Soc., 
1929, 220; Chem. Abet., 1929, 23, 2432; Nishimatsu and Kimura. Catalytic reduction of 
0-naphthol. Scxagint, Y. Osaka, Chem. I net. Dept. Science, Kyoto Imp. Univ., 1927, 203; Chem. 
Abet., 1928, 22, 1085. 

1428. A Catalytic Method of Hydrogenation, without Free Hydrogen . 11 The 

material to be hydrogenated is dissolved in a suitable solvent in a stout-walled 
bottle, a small amount of a solution of palladium chloride or platinum chloride 
is added to act as a catalyst, and then the calculated amount of calcium hydride 
is added gradually, the flask being stoppered and well shaken. This method 
was successfully used for the reduction of benzaldehyde, nitrobenzene, and 
benzylidene-acetone. 


11 Nivifcre, Bull. Soc. chim., 1921 (iv), 29, 217; /. Chem. Soc., 1921, 119 and 120, ii, 391. 
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HYDROGENATION OF ACETYLENIC LINKAGES 

Hydrocarbons 

1600. Hydrogenation of Acetylene. Acetylene is hydrogenated to ethane by pas- 
sage over a cobalt catalyst at 180° C. Liquid hydrocarbons are formed in small quan- 
tity and more abundantly at 250° C. ^Sabatier and Senderens, Ann. Chim. Phys. 9 
1905 (8), 4, 352 ] 

1601. At 130° over light purple copper, or at 180° over copper of clear red hue, in 
each case with excess of hydrogen, ethane and liquid hydrocarbons are produced. 
With excess of acetylene at 180° condensation occurs with production of a mixture 
of unsaturated and aromatic hydrocarbons (benzene, styrene, etc.), with some ethane 
and more ethylene, propylene and butylene. The copper swells up to an extraordinary 
extent, forming a light, fluffy, felted mass of filaments. This product has been named 
cuprene. It is a hydrocarbon with metallic copper disseminated through it. The 
empirical formula is C7H#. It is perhaps hexaphenyl-cyclohexane, C*H§ (C#H*)«- 
[Sabatier and Senderens, Bull. Soc. Chim., 1899 (3), 21, 530; Compt. rend., 1900, 130, 250; 
Sabatier, 3rd Congress on Acetylene, Paris, 1900, 345, and 4 th Cong. App. Chem., Paris, 
1900, 3, 134.] For other investigations on cuprene see: Erdmann and Kothner, Z. anorg. 
Chem., 1898, 19, 48; Alexander, Ber., 1899, 32, 2381; Kaufmann and Schneider, Ber., 
1922, 66B, 267. Cf. Ellis, Synthetic Resins and their Plastics, p. 63. 

1602. With iron catalyst, above 180°, acetylene gives large amounts of colored 
hydrocarbons (higher ethylene hydrocarbons, aromatic hydrocarbons and traces of 
saturated hydrocarbons) resembling natural petroleums of Canada. CSabatier and 
Senderens, Compt. rend., 1900, 130, 1628.] 

1603. With nickel catalyst and excess of hydrogen acetylene is hydrogenated com- 
pletely to ethane. If the acetylene is in excess, the metal heats up, liquid aromatic and 
hydro-aromatic hydrocarbons are formed. The larger the excess of acetylene, the greater 
the heat developed, up to incandescence, with partial polymerization to benzene. CSab- 
atier and Senderens, Compt. rend., 1899, 128, 1173.] 

1604. With (colloidal) palladium catalyst shaken with water acetylene gives chiefly 
ethylene, up to 80 per cent. [[Paal and Hohenegger, Ber., 1915, 48, 275.] 

1606. Platinum-black (at room temperature) yields ethane, with ethylene as inter- 
mediate. CVon Wilde, Ber., 1874, 7, 352.] 

1606. Progressive Hydrogenation of Acetylene. 1 Since the adsorption of acety- 
lene is less pronounced with colloidal platinum (sodium protalbinate protective) than 
with colloidal palladium, it was anticipated that the conversion of acetylene into ethyl- 
ene in presence of the former would be more complete than in presence of the latter; 
actually the reverse was the case. When equal volumes of acetylene and hydrogen were 
used the product contained about half the calculated amount of ethylene, in addition 
to a considerable amount of ethane and some unchanged acetylene. In all cases, hydro- 

1 Paal and Schwarz, Ber., 1915, 48, 1202-1207. 
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genation in presence of colloidal platinum proceeded more slowly than in presence of 
colloidal palladium. 

1507. Platinum-black at room temperatures catalyzes the hydrogenation of acety- 
lene to ethane, but the life of the catalyst is short. At room temperature spongy plati- 
num has no catalytic activity. Both forms at 180° C. produce results similar to those 
caused by the use of nickel. 

1508. Some Ethylene Hydrocarbons Obtained by Semireduction of the Correspond- 
ing Acetylenes. CBourguel, Bull . Soc. Chim ., 1927, 41, 1475-1479.] Reduction of 
acetylenes with hydrogen and colloidal palladium at room temperature gives only the 
corresponding olefine. The products are therefore in general purer than those pre- 
viously described. Values following the boiling-points are, respectively, d. and n D , 
both at the temperature given: 1-pentene, 32.5°, 0.644, 1.371 (20°); 2-pentene, 34.5°, 
0.647, 1.375 (19°); 1-hexene, 64.5°-05°, 0.684, 1.393 (14°); 1-heptene, 94°-94.5°, 0.705, 
1.404 (20°); 1-octene, 122°, 0.718, 1.408 (19°); 2-octene, 125 °-126°, 0.725, 1.415 (20°); 
1-nonene, 146°, 0.730, 1.414 (21°); 2-nonene, 148.5°, 0.738, 1.420 (21°). 1-Cyclohexyl- 
olefines: propene, 152° (following boiling-points not corrected), 0.808, 1.449 (21°); butene, 
174 (b, 4 62°), 0.810, 1.450 (21°); pentene, 196° (bu 83°), 0.816, 1.454 (20°) (2-cyclo- 
hexylpentene, 198°-199° (b,« 85°), 0.822, 1.458 (20°); hexene, 219° (b 16 99°), 0.820, 1.457 
(21°) (2-deriv., 221° (b 17 102°), 0.823, 1.459 (21°)). * 

1509. Industrial Hydrogenation of Acetylene to Ethylene. This is the initial step in 
the synthesis of ethanol. Ross, Culbertson and Parsons 3 believe that the tendency to 
form ethane, when using an active nickel catalyst, is due to the high condensation of 
hydrogen at the surface of the metal. In confirmation of this, they were able to obtain 
an 80 per cent yield of ethylene by passing an equimolecular mixture of acetylene and 
hydrogen, in batch fashion, over a freshly reduced nickel catalyst. 

1510. Karo obtains a good yield of ethylene by the use of a platinum group metal 
mixed with a base metal. 4 

1511. Ethylene from Acetylene. Ross 1 effects the partial hydrogenation of acety- 
lene to ethylene in the following manner: A metallic catalyst (e.g., nickel) is treated with 
hydrogen at a temperature not above 150° C. and then with acetylene, followed by a 
mixture of acetylene and hydrogen, the operation being conducted at 150° C., or lower. 

1512. Controlled Hydrogenation of Acetylene to Produce Ethylene. Eldred and 
Mereereau • state that catalytic hydrogenations in the vapor phase which tend to go too 
far for a given purpose may often be brought under control by dilution of the reacting 
vapors and gases with an inert gas. The procedure is particularly described for the pro- 
duction of ethylene from acetylene, a reaction whose greatest interest is due to the fact 
that it is a step in the synthesis of alcohol (ethanol). Without a diluent the hydrogen- 
acetylene mixture passed over a catalyst, such as nickel, reacts exothermically and ener- 
getically w'ith the formation of indefinite mixtures of products. But, if the hydrogen- 
acetylene mixture be diluted with half or one-third its volume of carbon dioxide, the 
reaction proceeds smoothly w'ith a good yield of ethylene. 

1513. Controlled Hydrogenation of Acetylene. 7 Though Lane has described, in 
general terms, a process for the production of compound gases, the method is specifically 
utilizable in the hydrogenation of acetylene to ethylene. The mixture of gases (hydro- 
gen and ethylene) passes over catalyst disposed in relatively narrow metal tubes. These 
tubes are immersed in a fluid whose boiling-point is the desired reaction temperature. 
The tubes pass several times through this bath, and before each point of entry there is, 
in the tube, a valve permitting the gas mixture to be enriched in one or other of its con- 
stituents. In this way the violence of reaction which occurs with equimolecular pro- 

1 Chan. Abst ., 1928, 22 , 1324. 

3 Ind. Eno. Chem 1921, 21 , 775. 

4 Ger. Pat. 253,160. 

1 U. S. Pat. 1.392.852. Oct. 4. 1921. 

• U. S. Pat. 1. 308.777, July 8, 1919, 

7 Brit. Pat. 10,724, 1911. 
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portions, and which tends to disruption with carbon deposit, is controlled. Owing, also, 
to the small size of the tube, the heat is quickly communicated to the bath fluid and is 
taken up as latent heat of vaporization. 

1514. Catalytic Production of Ethylene. Acetylene is passed with an equal volume, 
or even with excess, of hydrogen in fine bubbles into an inert liquid (deca- or tetra- 
hydronaphthalene) containing the catalyst (palladium or nickel on kieselguhr) in sus- 
pension, preferably at about 150° C. and under pressure if desired. Ethylene with very 
little ethane is produced.* 

1515. Diethylacetylene to hexane. Diphenylacetylene to stilbene or dibenzyl.* 

1516. Trimethylpropinemethane to trimethylpropylmethane. Platinum-black cata- 
lyst. CGraef, Bull. Soc. Chim., Belg ., 1925, 34, 427.] 

1517. ar-Heptine, cenanthylidene, to n-heptane. Gas phase: 170° C.: nickel catalyst. 
[[Sabatier and Senderens, Compt. rend., 1902, 135, 87.] Over copper, below 200°, 
a-heptine slowly gives heptene, diheptene and triheptene and some n-heptane. [[Saba- 
tier and Senderens, loc. cil .] 

1518. Phenyl-acetylene to ethyl-cyclohexane. Gas phase: 180°: nickel catalyst. 
[[Sabatier and Senderens, Compt. rend ., 1902, 135, 88.] 

1519. Over copper at 190°-250° phenylacetylene gave ethyl-benzene, a little phenyl- 
ethylene and 50 per cent diphenyl-butane, a crystalline solid whose solutions fluoresce 
splendidly. [[Sabatier and Senderens, Compt. rend., 1902, 135, 88.] 

1520. In acetic acid solution, with colloidal palladium catalyst, phenylacetylene is 
hydrogenated first to styrene, then to ethyl-benzene. CKelber and Schwarz, Ber., 1912, 
45, 1951.] 

1521. Tolane (diphenylacetylene) to dibenzyl. Acetic acid solution: colloidal pal- 
ladium catalyst. Stilbene is an Intermediate product. [[Kelber and Schwarz, Ber., 
1912, 45, 1951.] 

1522. Tolane diphenylacetylene, hydrogenated under various conditions of tem- 
perature, pressure and catalyst ratio. Paal’s colloidal palladium catalyst. CZalkind 
and Il’in, J. Russ. Phys. Chem. Soc., 1926, 58, 994-997, Chem. Abst., 1927, 21, 2267.] 

1523. Diphenyl-diacetylene first to ory-diphenyl-butadiene ay, then to <ry-diphenyl- 
butane. Acetic acid solution: Colloidal palladium catalyst. [[Kelber and Schwarz, 
Ber., 1912, 45, 1951.] 


Other Compounds 

1524. Acetylene glycols with colloidal palladium catalyst hydrogenate in different 
ways: (1) 2, 5-dimethyl-hexine (3)-diol (2, 5), 1, 4-diphenyl-butine (2) diol (1, 4), 
dimethyl-di-ethyl-butine-diol, and dimethyl-octine-diol 

CH,CH k .CHt-CHs 

>C(OH)C:CC(OH)< 

ch/ x®. 

add Hi in one stage to give the ethylene diol. 

1525. (2) Dimethyl-diphenyl-butine diol hydrogenates in two-stages giving first, 
the ethylene glycol and then the saturated glycol. 

1526. (3) 2-methyl-4-phenyI-butine (3)-ol (2), (CH,), C(OH) C i CC.H, takes up 
2H|, giving directly the saturated alcohol. [[Sabatier. Catalysis in organic chemistry, 
548.] 

1527. With platinum- and palladium-black (method of Willstatter) the hydrogenation 
of acetylene glycols is also not the same for all, nor does it always follow the same path 
as hydrogenation of the same compounds with colloidal palladium. 

• Brit. Pat. 294,787, Aug. 27, 1927, to Johnson (from I. G. Farbenind, A.-G.), Brit . Chem . 
A6af., 1928, 704B; French Pat. 651,037, Mar. 30, 1928. 

• Brit. Pat. 279,095, Oct. 14, 1926, to Corson. 
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1528. The glycols of the formula RR' : C(OH) -C • C-C(OH) : RR' yield a mixture 
of the saturated glycol and the alcohol, RR' : C(OH)CH,-CH,-CH, : RR'. 2, 5- 
dimethyl-hexine (3) diol (2, 4) gives the saturated glycol. 

1529. Dimethyl-diethyl-butine-diol (which takes up Hi with colloidal palladium) 
adds 2Hj. Dimethyl-diphenyl-butine-diol takes up first Hi Mien yields the saturated 
glycol. 

1530. Octadine-diol (1, 8), HOH,C C • C CH, CH, C : CCH,OH at 70° in alcohol 
gives a mixture of octane-diol (1, 8) and n octyl alcohol. 

CWillstatter and Mayer, Ber., 1908, 41, 2199; Dupont, Compt. rend., 1913, 156, 1623; 
Zalkind, J. Russ. Phys. Chem. Soc., 1914, 45, 1875, Chem. Abst., 8, 1419; Zalkind and 
Markaryan, J. Russ. Phys. Chem. Soc., 1916, 48, 538, Chem. Abst ., 11, 584; Zalkind and 
Kvapishevskii, J. Russ. Phys. Chem. Soc., 1915, 47, 688, Chem. Abst., 9, 2511; Lespieau, 
Com-pi. rend., 1914, 158, 1187), see para. 1535. 

1531. 2, 5-Dimethylhexine (3)-diol (2, 5) to ethylene-diol. Liquid-phase: colloidal 
palladium catalyst. [[Zalkind, J. Russ. Phys. Chem. Soc., 1914, 45, 1875, Chem. Abst., 
8, 1419.] 

1532. With platinum-black catalyst the 2, 5-dimethylhexine (3) diol (2, 4) gives 
the saturated glycol. [[Zalkind, loc. cit.J 

1533. 1, 4-Diphenyl-butine (2)-diol to 1, 4-diphenyl-butene (2)-diol. Liquid phase: 
colloidal palladium catalyst. [[Zalkind, J. Russ. Phys. Chem. Soc., 1914, 45, 1875; 
Chem. Abst., 8, 1419.] With a platinum catalyst the saturated glycol is obtained. 

1534. Dimethyl-octine-diol to dimethyl-octene-diol 

CH, CH k .CHrCHi 

>C(OH) C:C C(OH)< + H, - 

CH/ x CH, 


CH | • CH; 


• tlJl yV^ni 1 

>C(OH)CH : CH C(OHK 
CH/ v^Hj 


CHi-CHi 


Liquid phase in alcohol solution: colloidal palladium catalyst. CZalkind, /. Russ. 
Phys. Chem. Soc., 1915, 47 , 2045; Chem. Abst., 10 , 1355]. 

1535 . Octadi-ine-diol (1, 8) to octane-diol (1, 8) and n-octyl alcohol. Alcohol solu- 
tion: 70°: platinum-black catalyst. [[Lespieau, Compt. rend., 1914, 158 , 1187.] 

1536 . Tetraethylbutinediol C(C,H,),C(OH)C • ], to tetraethylbutanediol C(C*H*)i 
C(OH)CHj]j. Ether solution: palladium or platinum-black catalyst. Tetraethyl- 
butenediol was obtained as an intermediate. [[Zalkind and Buis try akov, J. Russ. Phys-. 
Chem. Soc., 1915, 47 , 680.] 

1537 . Dimethyldiphenylbutinediol CCH,C«H,C(OH)C • ], (2 isomers (a) m.p. 163° 
C., (6) m.p. 125M27° C.) to dimethyldiphenylbutenediol [[CH,CeH,C(OH)CH : ] f , 
1 isomer from (a) and another from (b), and dimethyldiphenylbutanediol. CZalkind 
and Kvapishevski, ibid., 688.] 

1538 . Methyl-tertiary-butylethinenylcarbinol (755-trimethylpentinene-7-ol) CCH*- 
CCH,(OH) C • CH to methyl-tertiary-butylvinylcarbinol (CCH, CCH, (OH) -CH : 
CH,). Methyl alcohol solution : nickel catalyst. CWouseng, Am. Chim., 1924, (x), 1, 343.] 

1539 . 2-Methyl-4-phenyl-butine-3-ol(2) ( 5-pheny)-/3-methyl-A T -butine-^-ol, HO • C 
(CH,), C :C C«H,) to 2-methyl-4-phenyl-butanol (0-phenylethyldimethyl carbinol, 
C,H 6 CH, CH, C(CH,)/)H). Absolute ethanol solution : colloidal palladium : room 
temperature. CZalkind, J. Russ. Phys. Chem. Soc., 1915. 47 , 2045.] 

1540 . 1-Butme-carboxylic acid to cis-1 -butene-carboxylic acid. 

1541 . 1 -Pen tine-carboxylic acid to cis-1 -pen ten e-carboxyl ic acid. 

1542 . Phenylacetylene alcohol to cis-cinnamyl alcohol. Colloid palladium catalyst 
CBourguel and Yvon, Compt. rend., 1926. 182 , 224; Chem. Abst., 1926, 20 , 2978.] 

1543 . Octadi-ine-dioic acid to suberic acid. Alcohol-ether solution: platinum-black 
catalyst: 4 days. CLespieau, Compt. rend., 1914, 158 , 1187.] 
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1644. Ambrettolic acid, 7-hexadecene- 16-olic 1-acid (from muskseed oil) to juniperic 
acid, dihydroambrettolic acid. 

1646. Lactone (b.p. 13 mm., 185°-190° C.) from muskseed oil with 17 members in 
the ring to a compound boiling under 13 mm. pressure, at 175°-180°: platinum sponge: 
glacial acetic acid solution. [Kirechbaum, Ber. t 1927, GOB, 902-909 J 

1646. Behenolic acid by partial hydrogenation with nickel catalyst gives erucic acid. 

1647. Stearolic acid by partial hydrogenation with nickel catalyst gives oleic acid. 
CGonzalez, Anal. FIs. Quim. t 1926, 24, 156.3 

1648. Phenylpropiolic acid to cinnamic acid. Colloidal palladium catalyst. Unsat- 
isfactory. CPaal and Schwartz, Ber. t 1918, 61, 640.3 

1649. Partial Reduction of Phenylpropiolic Acid. 10 It has been noted that the 
hydrogenation of phenylpropiolic acid and acetylene can be so controlled under certain 
conditions, using colloidal palladium as the catalyst, that the corresponding ethylenic 
compounds are the main products and that in the case of acetylene, colloidal platinum 
is less efficient, a mixture of ethylene, ethane, and unreduced acetylene being generally 
obtained. The hydrogenation of phenylpropiolic acid by means of colloidal platinum 
gives a much lower yield of rnalenoid forms of cinnamic acid than when palladium is 
used, but no n-phenylpropionic acid could be detected under the conditions employed. 
The deficiency is largely due to the formation of indefinite by-products. 11 

1660. By controlling the absorption of hydrogen, using colloidal palladium hydrosol, 
Paal and Hartmann hydrogenated phenylpropiolic acid to cinnamic acid. Allocin- 
namic acid was most readily obtained, showing the ease of cw-addition. C#cr., 1909, 42, 
3930.3 

1661. Tetrolic acid (methyl-acetylene carboxylic acid, CHi-C : C-COOH), to butyric 
acid. Liquid phase: colloidal palladium catalyst. CBoeseken, van der Weide and 
Mom, Rec. Trav. Chim. Pays-Bas , 1915, 36, 260.3 

1662. Tetrolic acid to crotonic acid. Colloidal platinum hydrosol: hydrogen absorp- 
tion restricted: addition takes place in the cw-position, allocrotonic acid 63 per cent 
yield; ordinary crotonic acid 4 per cent yield. ^Williams and James, Aberystwyth 
Studies , 1922, 4, 197.3 

1663. Acetylene di-carboxylic acid treated in the same way underwent trans- addition 
with production of fumaric acid and no maleic acid. Further reduction to succinic acid 
went rapidly [VbidJ. 

1664. Hydrogenation of Triple Bond. Formation of Cis-ethylenic Compounds. 

Hydrogenation of compounds containing acetylenic linkages, at low temperatures with 
colloidal palladium yielded cis-ethylenic compounds. Previously trans- isomers only or 
mixtures had been obtained by hydrogenation. Phenylpropiolic acid gave cis-cinnamic 
acid. Tolane (diphenyl acetylene) gave iso-stilbene. Acetylene dic&rboxylic acid gave 
malic acid. Tetrolic acid gave iso-crotonic acid. Tetramethylbutinediol gave cw-tetra- 
methyl-butenediol. 11 

1666. Cyclohexylideneacetaldehyde to cyclohexylacetaldehyde. Nickel catalyst. 
CRupe, Messner and Kambli, llelv. Chim. Ada , 1928, 11, 449.3 

1666. Acetylenedialdehyde acetal to succindialdehyde acetal (which on treatment 
by an acid yields succindialdehyde). Skita's method: colloidal palladium catalyst. 
CKeimatsu and Yokota, J. Pharm. Soc. Jajxin , 1927, 642, 284.3 

1667. Phenylpropargylaldehyde diethylacetal to /rans-cinnamaldehyde diethylace- 
tal. Palladium-charcoal catalyst. 

1668. Piperonylpropargylaldehyde gave oily products. 

1669. Piperonylacraldehyde gave piperonyl propane. 

1660. Phenylpropargylidene malonic acid in methanol gave an oily product, in acetic 
acid an oil, probably cw-cw-cinnamylideneacetic acid, and some cinnamylidene malonic 
acid; the sodium salt gave an oil, the pyridine salt cw-cinnamylidene malonic acid. 

10 Paal and A. Schwartz Ber., 1918, 51 , 640-643. 

11 J. Chem. Soc., 1918 , Abst. i, 343. 

11 Bourguel, Compt. rend., 1925, 180 , 1753. 
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1861 . Piperonylpropargylidene malonic acid apparently loet CO*, giving amorphous 
products: the pyridine and piperidine salts also gave unsatisfactory products; from the 
last Jrarw-piperonylethylidene malonic acid was obtained and a small quantity of the 
cw-form. CLohaus, J. prakt. Chem. % 1928, 119 (ii), 235.] 

1662 . Oenanthylidene-acetic acid (ethyl ester) to nonylic acid (ethyl ester, ethyl 
pelargonate). Gas phase: 180°: nickel catalyst. CDarzens, Campt. reni. t 1907, 144 , 
328.] 



Time in hours. 

Fio. 256.— See also Fio. 25c, Pao* 210. 


The effect of temperature on the reduction rate of furfural (Cf. Chap. XXVII, page 282) 
in 95 per cent alcohol, at 0°, 20°, 40° and 60°, with platinum black from PtO, H,0 4 as cata- 
lyst, determined by Pierce and Parks. Increase in temperature from 0 to 40° causes a marked 
increase in the reduction rate of furfural, and at 60°, if sufficient catalyst is present, the initial 
reduction rate is much greater than at 40°. However, at 60° the catalyst is rendered inactive 
more readily than at 40°, so particularly if only a small amount of catalyst is present, the 
reduction will proceed faster at 40° than at 60°. 0.1 mol furfural, 0.122 g. catalyst and 1 cc. 

M/10 ferrous sulphate was used. ( J . Am. Chem. Soc., 1929, 51 , 3384.) 



CHAPTER XVI 


ETHYLENE HYDROCARBONS: ETHERS, ALCOHOLS, 

ALDEHYDES 


Hydrocarbons 

1600. Rates of Hydrogenation of Aliphatic Ethylenic Compounds Alone and in 
Mixtures. 1 The rate of absorption of hydrogen by unsaturated ethylenic compounds 
in presence of platinum-black is, in general, a linear function of the time. The highest 
rate of absorption is exhibited by mono-substituted compounds, and as the number of 
substituents increases the rate declines. Mono-, tri-, and tetra-substituted derivatives 
absorb hydrogen at a uniform rate throughout the greater period of the action, but 
di-substituted compounds do so only during a shorter period of the action. In certain 
cases where more than one ethylenic linking is present, there are two well-defined rates 
of absorption. Negative substituents cause an abnormally slow velocity of absorption, 
while conjugation with an alicyclic or carbonyl residue tends to increase the rate. 

In a mixture of two similarly substituted ethylenic compounds the components are 
hydrogenated concurrently, but when dissimilarly substituted, the components are 
hydrogenated consecutively. When the two substances are substituted to different 
degrees they are attacked successively. In binary mixtures containing a monosubsti- 
tuted compound, this maintains its characteristic and more rapid rate of absorption, 
and when a tetra-substituted derivative is present this also preserves its own rate of 
absorption. Di- and tri-substituted compounds in admixture exhibit either a lower or 
a higher rate of absorption than when hydrogenated alone, so that the two rates tend 
to approach one another. 

These results may be utilized to determine the degree of substitution of an ethylenic 
compound by comparison of its rate of hydrogenation in the pure state and when in 
admixture with a typical substituted unsaturated compound, such as allyl alcohol, etc.* 

1600a. Reaction of Atomic Hydrogen with Ethylene, etc. Ethylene with an excess of 
hydrogen and in the presence of excited mercury atoms gives practically entirely ethane. 
If, however, relatively high concentrations of ethylene are used, the saturated hydro- 
carbons formed are more complex. The reaction may also furnish liquid condensation 
products of the composition (CHj),,. Methane is also formed and is acted on by hydrogen 
atoms under the influence of excited mercury atoms. The effect of atomic hydrogen 
on the saturated hydrocarbons varies with the molecular weight, being the more rapid 
the greater is the molecular weight. The velocity of the reaction between ethylene 
and hydrogen is accelerated considerably by increase in the hydrogen atom concentration, 
other things being equal. The reaction is therefore started by hydrogen atoms. With 
large excess of ethylene, acetylene is formed in considerable quantity, but with excess 
of hydrogen no acetylene is formed.** 

1 Lebedev, Kobliansky and Yakubchik, J. Chem. Soc ., 19*5, 418. 

* J. Chem. Soc., Abet., 1925, i, 350. 

*• Taylor and Hill, Z. physikal. Chem., 1929, B, 2, 449-450. Bril. Chem. Abet., 1929, 655A. 
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1601. Ethylene. Ethylene i s readily and sharply hydrogenated over nickel, in the 
presence of an excess of hydrogen, ethane being the sole product. The reaction com- 
mences at 30° C. and is rapid round 150° C. For the preparation of pure ethane, an 
excess of ethylene must be used. The result is a mixture of ethane and residual ethyl- 
ene; the latter can be removed by absorption in bromine water. CSabatier and Sen- 
derens, Compt. rend., 1927, 124, 1359.] Above 300° the ethylene is decomposed, carbon 
is deposited and a mixture of methane and higher paraffins is produced. ^Sabatier and 
Senderens, loc. cil .] 

1602. Industrial Hydrogenation of Ethylene. Ethane for use in refrigerating 
machines has been produced by the hydrogenation of ethylene. The ethylene was 
obtained by dehydration of ethanol. Such ethylene contains much catalyst poison, 
ether, aldehyde, isoprene, sulphur compounds, and others. These were removed in 
three stages: (1) compression to 50 atmospheres causing condensation of the first group 
of poisons; (2) treatment with lead acetate solution; (3) scrubbing with sulphuric acid. 
The purified ethylene and hydrogen, in equal volumes, are passed, at 200°, over a nickel 
catalyst contained in tubes. For a velocity of 2 cu. m. an hour, to produce a gas con- 
taining 80 per cent of ethane, the tubes are 1 m. long and 0.075 m. in diameter. The 
effluent gas is compressed to 30-40 atmospheres, in the presence of a nickel catalyst sup- 
ported on pumice. CSprent, J.S.C.I. , 1913, 32, 171.] 

1603. Cobalt also catalyzes the hydrogenation of ethylene, but is more rapidly put 
out of action than nickel and presents no advantages. ^Sabatier and Senderens, Ann. 
Chim. Phys., 1905 (8), 4, 344.] 

1604. Another method of hydrogenating ethylene at atmospheric pressure with a 
nickel catalyst is that used by Rather and Reid. [J . Amer.Chem. Soc., 1915, 37, 2115.] 
Ethylene and hydrogen, the latter in excess, are bubbled through a saturated hydrocar- 
bon carrying in suspension a nickel catalyst. For details see paras. 723-728. 

1606. Copper catalyzes the hydrogenation of ethylene at 180° C. ^Sabatier and 
Senderens, Compt. rend., 1902, 134, 1127.] Constable [ Z . Elcktrochem., 1929, 36, 105] 
reports two series of experiments on the hydrogenation of ethylene at 0°, 100° and 200°, 
in presence of a copper catalyst, which was prepared by the repeated reduction of cop- 
per oxide with hydrogen. In the first, equal volumes of hydrogen and ethylene were 
employed at pressures of 19, 38, 50, and 76 cm.; and in the second, the volumes of the 
reacting gases were varied but the pressure was kept constant at 76 cm. The first series 
showed that the surface of the catalyst was almost saturated with the gases at 0°, but 
was partly saturated at 100° and was very unsaturated at 200°. According to the 
second set, and with the particular catalyst used, the rate of production of ethane was 
at a maximum at 0° when the reaction mixture contained 18 vol.-% of ethylene; at 
100°, 42%; and at 200°, approximately 50%. The superficial area of the catalyst was 
ascertained by means of an interference method after coating the catalyst with a film 
of oxide by direct oxidation. The interference method was also employed to investi- 
gate the nature of the gases adsorbed by the catalyst. At 0° much of the surface 
appeared to be covered with a unimolecular layer of hydrogen, while much of the 
remaining part was covered with ethylene. [Brit. Chem. Abst ., 1929, 520A.] 

1606. In the liquid phase, colloidal palladium is an efficient catalyst for the hydro- 
genation of ethylene CPaal and Hartmann, Ber., 1915, 48, 984], and is superior in this 
respect to colloidal platinum £Paal and Schwarz, Ber., 1915, 48, 994]. 

1607. With excess of hydrogen ethylene can be reduced to ethane by Ipatiev's 
method: 60 atmospheres hydrogen: 180° C.: copper oxide catalyst. Nickel oxide cata- 
lyst causes breakdown to methane. [Ber., 1909, 42, 2089.] 

1608. Pease and Stewart 3 find that metallic calcium or calcium hydride will catalyze 
the hydrogenation of ethylene. They are doubtful whether the reaction of the hydro- 
carbon with the hydride is an intermediate stage. 

1609. Catalytic Reactions of Ethylene. Walker [J. Physical Chem., 1927, 31, 961- 
996.] The products obtained when ethylene is passed over various solid catalysts have 

1 /. Am. Chem. Soc., 1925, 47 , 2763. 
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been investigated. Ethylene is stable towards heat at 600° C.; at 615° C. decomposition 
commences in a Jena glass tube. Polymerization to a colorless and to a brown oil occurs 
accompanied by decomposition into acetylene, hydrogen, methane, and carbon, and by 
hydrogenation to ethane. Acetylene is less stable then ethylene, decomposing above 
400°. Mixtures of equal quantities of acetylene and ethylene at 600° in contact with 
Jena glass yield a mixture of the polymerized initial constituents. Silica gel, silica gel 
and borax, silica gel and calcium hydroxide, borax, calcium silicate, and zinc oxide are 
all inert towards ethylene up to 600° C. Complete reduction by ethylene of ferric 
oxide, zinc oxide, and lead monoxide occurs at 500°, 800-°900°, and 600° C. respectively. 
Over the range 100°-500° C., ethylene is polymerized by sodium to a colorless oil and is 
decomposed to carbon, hydrogen, and methane. Ethane, carbides, and hydrides are 
also formed. With nickel at 400° C., no polymerization occurs but the ethylene is 
decomposed into hydrogen and acetylene. Rapid carbonization at 400° C., ai «1 com- 
plete decomposition at 545° C., take place in presence of cobalt. No liquid polymerides 
are formed. Iron polymerizes ethylene at 3G0° C. to a colorless oil and decomposes it 
slowly into carbon and hydrogen. At 425° C. decomposition is practically complete. 
A small percentage of potassium hydroxide does not increase the polymerization brought 
about by the iron. Chromium oxide does not promote activity of the iron. Increased 
pressure does not permit the continuous formation of liquid polymerides owing to carbon 
deposition. Pressure studies show that methane is produced from ethylene by fission 
of the two carbon atoms to yield two CH, groups which are subsequently hydrogenated. 4 

1610 . Mulliken and Moore reduce ethylene to ethane by hydrogen in the presence 
of a catalyst which is cooled in order to remove the heat generated by the reaction. 1 

1611 . Propylene to propane. From cold to 200° : nickel catalyst : with hydrogen 
in excess. With propylene in excess, at higher temperatures, especially above 290°, 
there is condensation to liquid hydrocarbons, with petroleum odors. At still higher tem- 
perature there is deposit of carbon with “ cracking ” of the propane. CSabatier and 
Senderens, Compl. rend., 1902, 134 , 1127.] 

1612 . With a copper catalyst propylene can be hydrogenated at 180°. ^Sabatier 
and Senderens, loc. cif.] 

1613 . The hydrogenation may also be carried out with platinum-black as catalyst, 
though less satisfactorily than with nickel. Carbonization of the catalytic surface inter- 
feres with the activity. [\Sabatier and Senderens, Compt. rend., 1900, 131 , 40.] 

1614 . Amylene to pentane. Liquid phase: colloidal platinum catalyst. £Fokin, 
J. Russ. Phys. Chem. Soc ., 1908, 40 , 276.] The same with platinum-black. 

1616 . Ethyl-trimethylene to iso-pentane. Gas phase: nickel catalyst. CRozanov, 
J. Russ. Phys. Chem. Soc., 1916, 48 , 168; Chem. Abst., 11 , 454.] 


CH* 

| >CHCH,CH, 

ch/ 


CH 

CH 


> 


CH-CHt'CHi. 


1616 . Spirocyclane to pentane. Gas phase : platinum catalyst. Ethyl trimethy- 
lene is also formed. 


CH* .CH, ch* 

| >C< - >CH • CH,CH ,CH • (CII,) • CH, 

ch/ x;h, ch/ 

With palladium ethyl trimethylene only, and with nickel at 200° pentane only are 
formed. ^Zelinsky and Scherbak, J. Russ. Phys. Chem. Soc., 1912, 44 , 880.] 

1617. Treatment of a product containing cyclohexanespiro-3-bromocyclohexane 
with zinc-dust and alcohol gave a hydrocarbon mixture which with hydrogen and col- 

4 Brit. Chem. Abat., 1927 , 837A. 

4 U. S. Pat. 1,107,696, Aug. 18, 1914. 
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loidal palladium was debrominated to cyclehexanespirocyclohexane. The mixed hydro- 
carbons (6 g.) were shaken in an atmosphere of hydrogen for eight hours with 2.5 cc. of 
a 10 per cent solution of palladium chloride, 2.5 cc. of a 10 per cent solution of gum 
arabic in water, 5 cc. of water, and enough alcohol to give a clear solution. The initial 
pressure of gas was 1070 mm.; this fell gradually to 815 mm. The product was isolated 
by distillation in steam and extraction of the distillate with ether. ^Norris, J. Chem. 
Soc., 1926, 129, 252 J 

1618. Vinyl-trimethylene to ethyl-trimethylene. Liquid phase : cold : 35 atmos- 
pheres : palladium chloride (which undergoes reduction) as catalyst. CFilippov., 
J. Russ. Phys. Chem. Soc., 1912, 44, 469.] 

1619. Trimethylethylene to isopentane. Gas phase : 150° : nickel catalyst. CSab- 
atier and Senderens, Compt. rend., 1902, 134, 1229.] 

1620. Hexene (2) to hexane. Gas phase : below 160° (at above 200°, and still 
more at 300° the hydrocarbon chain breaks) : nickel catalyst. ^Sabatier and Sender- 
ens, Compt. rend., 1902, 134, 1127.] 

1621. Methylethylpropylenemethane to methylethylpropylmethane. Platinum- 
black catalyst. £Graef, Bull. soc. chim. Bely., 1925, 34, 427.] 

1622. Preparation of isomeric heptanes (by hydrogenation of the heptenes). Edgar, 
Organic Symposium, Columbus, Ohio, 1927.] 

1623. Caprylene (octene) to octane. Gas phase: below 160° : nickel catalyst. 
CSabatier and Senderens, Compt. rerut., 1902, 134, 1127.] 

1624. Nonene (2) to nonane. Gas phase : 160° : nickel catalyst. CClark and 
Jones, J. Amer. Chem. Soc., 1915, 37, 2536.] 

1626. 2-Ethyl-5-methyl-hexene to 2, 5-dimethyl-heptane (b.p. 135°). Gas phase : 
160° : nickel catalyst. 

1626. 2, 2-Diinethyl-3-methene 

CII, CH, 

I - 

CH, — C C— CHr-CH, 

I 

CII, 

to 2, 2, 3-trimethylpentane. CClark and Jones, J. Am. Chem. Soc., 1912, 34, 170; 
Clark and Beggs, itrid., 54.] 

1627. Methyl-propyl-octene to methyl-propyl-octane. Gas phase : below 160° : 
nickel catalyst. [Murat and Amouroux, J. Pharm. Chim., 1912, (7), 6, 473; Chem. 
Ahst., 7, 1494.] 

1628. Phytene, C^H*©, to phytane, C^H*,. Liquid phase: platinum-black catalyst. 
[Willstatter and Mayer, Ber., 1908, 41, 1475.] 

1629. Pentatriacontene to n-pentatriacontane. Palladium-black catalyst. [Griin, 
Ulbrich and Krezil, Z. angew. Chem., 1926, 39, 421. 

1630. Olefines have been hydrogenated with the Voorhees- Adams platinum oxide 
catalyst and with the similar palladium oxide catalyst. The platinum catalyst has 
proved the more efficient: the addition of ferrous salt did not accelerate the reduction 
of pure olefines. The reduction takes place by 1, 2 addition (a : 0 addition). 

1630A. Olefines of the type CHR : CH, are reduced most rapidly, those of the type 
CRR' : CH, slightly more slowly, further retardation being observed among olefines of 
the type CHR : CHR', depending on the nature of the groups R and R'. 0-Methyl-A&- 
butylene is reduced much more rapidly than a<*-diphenyl-A a -propylene. Among con- 
jugated olefines, mesityl oxide is much more rapidly reduced than phenyl styryl ketone, 
while reduction of o/3-unsaturated acids is generally slow, with a marked absence of 
regularity. Satisfactory reduction is only obtained with carefully purified materials. 
The presence of iron retards the reduction of pure products, but may accelerate that of 
impure materials. Oxygen has no reactivating effect on the catalyst in the reduction 
of olefines. 
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1631. Laboratory Syntheses of Hydrocarbons. M&ilhe* describes some modern 
laboratory methods for the synthesis of hydrocarbons. Among these are the hydro- 
genation of carbon monoxide and dioxide with nickel at 250°, and the hydrogenation of 
olefines and acetylenes with the same catalyst. 

Ethers, Alcohols, Aldehydes, etc. 

1632. Hydrogenation of Ethers. 7 Propyl, isopropyl, butyl, amyl, and isoamyl ethers 
suffer fission when passed with hydrogen over reduced nickel at 250°-300°. At 180°, 
phenetole is smoothly converted into cyclo-hexane and ethyl alcohol, whereas at 250° this 
reaction is accompanied by the production of ethane and phenol. 0-Naphthyl methyl 
and ethyl ethers decompose at 280° in both directions; the aromatic components are fur- 
ther hydrogenated to di- and tetra-hydronaphthalene and tetrahydro-0-naphthol. 
Guaiacol at 180° under 300 mm. gives the mixed ether OH-CeHio-OCHj, together with 
pyrocatechol and phenol (partly reduced to cyclohexanol). Under similar conditions, 
diphenyl ether affords dicyclohexyl ether, phenol, cyclohexanol, benzene, and cyclo- 
hexane. 1 

1633. Ethyl ether, over nickel at 250°, gives ethane and ethyl alcohol. The alcohol 
is partially dehydrogenated to acetaldehyde, which, breaking up, gives methane, carbon 
monoxide, water and hydrogen. 

(C,H0xO + H, = C,H e + CHj-CHi-OH. 

CHs-CHt'OH = CH.CHO + H t 
CHs-CHO - CH 4 + CO 
CO + 3H, = CH 4 + HjO. 

^Sabatier and Senderens, Bull. Soc. Chim., 33, 1905, 616.] 

1634. Allyl ether to propyl ether : gas phase : 138°-140° : nickel catalyst. CSaba- 
tier, Compt. rend ., 1907, 144, 879.] 

1636. Allyl alcohol (propenol) to propyl alcohol (and trace of propionic aldehyde). 
Gas phase : 130°-170° : nickel catalyst. ^Sabatier, Compt. rend., 1907, 144, 879.] 
Very slow in alcohol solution. CBrochet and Cabaret, Compt. rend ., 1914, 169, 326.] 
With colloidal platinum gives propyl alcohol. CFokin, J. Russ. Phys. Chem. Soc., 1908, 
40, 276.] 

1636A. In the vapor phase over an alkaline nickel catalyst at 170°, with hydro- 
gen, propylene oxide yields 35 to 40 per cent of propyl alcohol. The nickel hydrate is 
washed with 0.1% sodium hydroxide solution before reduction in hydrogen. A simi- 
lar cobalt catalyst may be used. The reaction is general for the production of primary 
alcohols from olefine oxides of primary structure. ^Canadian Pat. 285,921, Dec. 25, 
1928, to Loehr (ass’d to the I. G. Farbenind. A.-G.); Chem. Abst ., 1929, 23, 1136]. 

1636. Z-A d -Pentene-0-ol to Z-pentane-5-ol. Z-A«-Hexene-0-ol to Z-n- hcxane-0-ol. 
Palladium catalyst. CLevene and Haller, J. Biol. Chem., 1928, 79, 425, 475.] 

1637. The formation of propionaldehyde by passage of allyl alcohol over zinc oxide 
is, at least in part, due to the reaction of allyl alcohol with acrolein and not to hydro- 
genation of acrolein nor to intramolecular rearrangement of allyl alcohol. 9 

1638. Methyl-heptenols, hydrogenated under reduced pressure. EEscourrou, Bull. 
Soc. Chim., Oct., 1928, 1101.] 

1639. Ethylmethylheptenol to ethylmethylheptane. Over nickel at 300° C. 

1640. Dimethylheptenol to dimethylheptane. Over nickel at 180° C. 

1 J. urines o<u., 1924, 48 , 34; Chem. Abst., 1924, 1464. 

7 Marty, Compt. rend., 1928. 87 , 47. 

1 Brit. Chem. Abst., 1928 , 990A. 

• Weston and Adkins, J. Am. Chem. Soc., 1928, 60, 1930. 
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1641. By reducing the pressure the removal of the oxygen was avoided and at 14 mm. 
pressure at 160°-170° C. dimethylheptenol was quantitatively converted into 2, 6- 
dimethyl-6-heptanol. [Grignard and Escourrou, Compt. rend ., 1923, 177, 93; Chem. Abst., 
1923, 17, 3478.] This work is summarized in Bull. Soc. Chim., 1928 (iv), 43, 1101, by 
Escourrou. Cf. Grignard, Bull. Soc. Chim., 1928, 43, 473; Chem. Abst., 1928, 22, 4335. 

1642. Dimethyl-allyl-carbinol to dimethyl-propyl-carbinol. Ipatiev’s method: 
" nickel oxide ” catalyst. [Sabatier: Catalysis, 587.] 

1643. Oleic alcohol to octadecyl alcohol. Liquid phase: platinum-black catalyst. 
[Sabatier: Catalysis, 565.] 

1644. The iodohydrin, /3/3-diiodomethyIpropane-cry-diol (from pentaerythritol) to 
/S^-dimethylpropane-ory-diol. Pyridine solution : palladized barium sulphate catalyst 
and magnesia. [Bincer and Hess, Ber., 6 IB, 1928, 537; Brit. Chem. Abst., 1928, 504A.] 

1646. Reduction of Aldehydes and Ketones in the Presence of Platinum-black. 
Effect of Impurities. The effect of impurities present in the catalyst on the products of 
the catalytic reduction of aldehydes and ketones with platinum-black was studied by 
Faillebin by the preparation of a pure platinum catalyst to which known amounts of 
iron, aluminum, and silica were added. The catalyst was prepared by the method of 
Loew, impurity being introduced before the reduction of the chloroplatinic acid. In the 
reduction of aliphatic ketones without a solvent, the use of a pure platinum catalyst 
favors the reduction of the carbonyl group to a methylene group, the hydrocarbon being 
the main or sole product. Thus acetone yields propane, methylethylketone yields 
butane and sec.-butyl alcohol, and methylpropylketone yields pentane. In aqueous 
solution, acetone also yields only the hydrocarbon when a platinum-silica catalyst is 
used. In all cases, the use of a platinum-iron catalyst (iron 5-10 per cent) causes almost 
quantitative reduction to the secondary alcohol, no hydrocarbon being produced. In 
the reduction of ethyl aceto-acetate, either without solvent or in ether or n-hexane 
solution, a pure platinum catalyst yields only ethyl butyrate, while with a platinum-iron 
catalyst quantitative reduction to ethyl /S-hydroxybutyrate occurs. A platinum-alu- 
minum catalyst gave similar results, only a trace of ethyl butyrate being obtained, but 
a platinum-silica catalyst yielded both reduction products. In alcoholic solution, how- 
ever, with a pure platinum catalyst comparable yields of the two reduction products 
were obtained, this solvent favoring the production of the hydroxymethylene rather than 
the methylene group. Ethyl /3-hydroxy butyrate is not an intermediate in the reduction 
of ethyl aceto-acetate to ethyl butyrate, since it is not reduced by the platinum catalyst 
in ether or ethyl acetate solutions. [Faillebin, Ann. Chim., 1925 (x), 4, 156; Brit. 
Chem. Abst., 1926, 50A.] 

1646. Formaldehyde to methanol. In the liquid phase with colloidal osmium cata- 
lyst (reduced in and by the formaldehyde solution), at 100° C. the gas evolved contains 
not only carbon dioxide but also hydrogen, and methane, with minute quantities of 
cnrljon monoxide. Experiments show that an increasing evolution of methane is accom- 
panied by a decreasing evolution of hydrogen and that as the ratio, volume of aldehyde 
solution : weight of osmium, increases, the amount of methane formed decreases, the 
reaction producing the alcohol always predominating. The time taken for the catalytic 
action and the gas evolution to reach a maximum is increased by increasing pH and the 
magnitude of the maximum is reduced. The induction period before the catalytic action 
begins appears to be the same whether the formaldehyde is heated with the osmium 
compound or kept cold, and the catalysis differs little whether the osmium is added in 
the form of the tetroxide, potassium osmate, or potassium chloro-osmate. The volume 
relations of the gases evolved are about the same in all cases, and when the reaction is 
concluded the osmium is present in the colloidal condition. The similarity between 
the present reaction and fermentation by yeast is pointed out. 10 

1646A. Formaldehyde to methanol. Gas phase : 90° : nickel catalyst. Simulta- 
neously the formaldehyde is broken up with formation of methane and water, 

H-CO-H + 2H, = CH 4 + H t O. 

10 MQller. Z. physikal. Chem., 1923, 107, 347; J. Chem. Soc. Abst., 1924, i, 833. 



ETHERS , ALCOHOLS , 


191 


Trioxymethylene accumulates on the catalytic surface and stops the reaction. At 
higher temperatures this surface poisoning is avoided, but the yield becomes progress- 
ively poorer, owing to the increasing breakdown to methane. [Sabatier and Senderens, 
Compt. Rend., 1903, 137, 302.] 

Similarly: 

1647. Propanal at 102°-145° to propanol. Isobutyric aldehyde at 135°-1G0° C. to 
ieobutyl alcohol. Amylic aldehyde at 135°-165° C. to ordinary amyl alcohol. Dimethyl 
propanal to dimethyl propyl alcohol. Dimethyl butyraldehyde to dimethyl butyl alcohol. 

1648. Sodium hydrogen sulphite formaldehyde treated with hydrogen at a pressure 
of 8-10 atmospheres in presence of a nickel catalyst gives sodium formaldehyde sulphoxy- 
late. [Feldmann, Giorn. Chim. Ind. Appl ., 1925, 7, 406.] 

1648A. Aldehyde or ketone sulphoxylates are obtained by reducing the correspond- 
ing aldehyde or ketone bisulphites or hydrosulphites by means of hydrogen or a gas 
containing it, at ordinary or increased pressure, with the aid of an activated or unacti- 
vated hydrogenation catalyst such as nickel, cobalt, or platinum. In the case of the 
reduction of formaldehyde bisulphite, the reduction is effected either with an activated 
hydrogenation catalyst, or at a pressure above 20 atmospheres. The reduction is pref- 
erably effected at a low temperature and at a hydrogen-ion concentration about pH7. 
[Brit. Pat. 308,229, Sept. 19, 1927, to Johnson (from I. G. Farbenind. A.-G.); Chem. Age. 
(London), 1929, 411). Cf., U. S. Pats. 1,714,636 and 7, May 28, 1929, to Schumann 
and others, ass’d. to Grasselli Dyestuff Corp.; Fr. Pat. 641,509, Sept. 27, 1927, to the 
I. G.] 

1649. Ethanol from Acetaldehyde. The synthesis of ethanol from acetylene may 
go by way of ethylene or by way of acetaldehyde. Acetaldehyde may be made from 
acetylene by hydration of the latter. According to Swiss Pat. 74, 129, 1916, to the Lonza 
Company, acetaldehyde mixed with hydrogen (in large excess to dissipate the heat of 
reaction) and with a trace of oxygen (to inhibit the formation of ether) is passed over a 
nickel catalyst at 150° C. 11 Other catalysts have proved less satisfactory. 

1660. Acetaldehyde to ethyl alcohol : 140°; nickel catalyst at 200° destruction of 
aldehyde. 140° C. is the optimum temperature. The product is almost pure ethanol; 
there is a little acetal. [Sabatier and Senderens, Compi. rend., 1903, 137, 301.] 

1661. Acetaldehyde to carbon monoxide and methane and, partially, resinified : 
350°, iron catalyst, Ipatiev's method. [Sabatier: Catalysis, 593.] 

1662. Preparation of Alcohol by Catalytic Reduction of Acetaldehyde. The most 
effective nickel catalyst is obtained by soaking pumice with nickel nitrate up to a con- 
tent of 30 per cent nickel, and heating for six hours at 500° C. in hydrogen passed at a 
rate of 100 cc. per min. When nickel from nickel nitrate is used, the reduction of the 
aldehyde is best effected at 140° C., nickel from the oxide is preferably employed at 
100° C. The corresponding optimal rates for passing the acetaldehyde are, respectively, 
60-70 cc. per min. and 150-170 cc. per min. With a sevenfold excess of hydrogen during 
reduction a 90 per cent yield of alcohol was obtained. Purified acetaldehyde (97.3-99.3 
per cent was employed. [Nogoshi, Rep. Osaka. Ind. Res. Lab., 1924; Chem . Absi., 1925, 
19, 2323.] 

1663. Propionic aldehyde to propyl alcohol. Gas phase : 100°-145° : nickel cata- 
lyst. [Sftbatier and Senderens, Compt. rend., 1903, 137, 302.] 

1664. Butyraldehyde to butyl alcohol with Voorhees- Adams platinum oxide cata- 
lyst. For directions see under Benzaldehyde. To avoid acetal formation and to carry 
the hydrogenation to completion, it is necessary to add 0.3 millemole of sodium hydrox- 
ide before the ferrous chloride. 

1666. Isobutyric aldehyde, over nickel at 135°-160°, yields 70 per cent isobutyl alco- 
hol and a little acetal (the rest is unchanged aldehyde). [Sabatier and Senderens, 
Compt. rend., 1903, 137, 302; see under Formaldehyde.] 

1666. By Ipatiev’s method, with “ nickel oxide ” catalyst at 250° and 100 atmos- 
pheres there is a partial hydrogenation of isobutyric aldehyde to the alcohol. [Ipatiev, 

11 Cf. Can. Pat. 134,621. 
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J. Russ. Phys. Chem. Soc., 1906, 88 , 75, 1907, 89 , 681; Chem. Abst., 1 , 2877; Ber ^ 1907, 
40 , 1270.] 

1657 . With an iron catalyst, at 350° and 100 =fc atmospheres, the same result was 
obtained. 

1668 . Aldol to butane-diol-l, 3 with Voorhees- Adams platinum oxide catalyst. For 
directions see under Benzaldehyde: 86 per cent yield in two hours. Alcohols are 
obtained by subjecting to catalytic hydrogenation, in the presence or absence of solv- 
ents, the reaction mixture obtained in the condensation of aldehydes or ketones or 
mixtures of these, e.g., in the aldol condensation. The hydrogenation is effected directly 
or after removal of the non-condensed aldehydes or ketones, and, when required, after 
neutralization, but without separation of the condensation products from the condens- 
ing agents. Thus from crude aldol is obtained 1 : 3-butylene-glycol. [[Brit. Pat. 
309,200, Sept. 28, 1927, to Johnson (from I. G. Farbenind. A.-G.); Chem. Aye (London), 
1929, 20 , 453. See Brit. Pats. 311,671, Feb. 9, 1928, and 311,788, Dec. 2. 1927, to 
Johnson (from I. G. Farbenind. A.-G.); Chem. Age (London), 1929, 20 , 593.3 

1669. Isovaleric (isoamyl), aldehyde over nickel at 135°-160°, gives 70 per cent 
isovaleric alcohol and a little acetal, the rest being unchanged aldehyde. 

1660. The same reduction is effected by Ipatiev’s method, using a “nickel oxide*' 
catalyst at 250° and 100 atmospheres, [[Ipatiev, J. Russ. Chem . Phys. Soc., 1906, 88, 75.3 

1661 . With iron tube and iron catalyst, isovaleric acid and amylene are obtained. 
LIpatiev, Ibid., 1907, 39, 681; Chem. Abst., 1907 , 2877.3 

1662 . Heptaldehyde to heptylalcohol with Voorhees and Adams platinum oxide 
catalyst. For general directions see under Benzaldehyde. Pressure 2-3 atmospheres : 
room temperature with rise due to reaction. In the first experiments it was sought to 
reduce acetal formation by diluting the solvent alcohol. [Carothers with Adams, 
J. Am. Chem. Soc., 1923, 45 , 1077.3 Later it was found better to add 0.3 millemole of 
sodium ethylate or of sodium hydroxide before adding the ferrous chloride. [[Carothera 
with Adams, J. Am. Chem. Soc., 1924, 46 , 1682.3 

1663 . Heptaldehyde to heptyl alcohol. Dilute acetic acid solution : colloidal plati- 
num catalyst : 1 atmosphere pressure. [[Skita and Meyer, Ber., 1912, 46 , 3589.3 

1664 . Oenanthaldehyde to heptyl alcohol and some diheptyl ether. Under pressure 
at 140° C. : Catalyst, mixed oxides of nickel, cobalt and copper. [[Ger. Pat. 444,665, 
Jan. 19, 199, to Riedel. 3 

1666 . 7«-Dimethyl-A>-hexenal and y e-di methyl- AMiexenal (methylisobutylacralde- 
hyde) to /3-6-dimethylhexaldehyde. The two aldehydes, in water solution, are hydro- 
genated together with a nickel catalyst. CRupe, Wirz and Lotter. Helv. Chim. Ada, 
1928, 11 , 9653- 

1666 . 0f-dimethyl-A&-octenaldehyde to 0f-dimethyloctaldehyde. Similarly are 
obtained /3-methyI-0-tert-butylacraldehyde and 77-dimethyl-^-methylenevaleraldehyde. 
QRupe and Giesler, Helv. Chim. Acta, 1928, 11 , 656.3 

1667 . Acrolein (propenal) to propionic aldehyde. Gas phase : 160° : nickel cata- 
lyst. The propionic aldehyde is further hydrogenated at 90°-110° more slowly, to 
propyl alcohol. [[Sabatier and Senderens, Ann. Chim. Phys., 1905 (8), 4 , 399.3 

1668 . Preparing Saturated Aldehydes from Unsaturated Aldehydes. Unsaturated 
aldehydes are treated in the presence of a copper catalyst, with hydrogen insufficient for 
the complete formation of saturated alcohols; the latter, if formed, are easily separated 
from the saturated aldehydes. The results are better than those obtained with nickel 
catalysts. For example, 100 cc. of crotonaldehyde vapor passed over finely divided 
copper, with 30 liters of hydrogen, at 170°, yield a product containing 80 per cent of 
butaldehyde and 20 per cent of crotonaldehyde; using 50 liters of hydrogen at 180°, the 
product contains 60 per cent of butaldehyde and 40 per cent of n-butyl alcohol. 1 * 

1669. Hydrogenating Crotonaldehyde. 1 * The aldehyde is hydrogenated in the 

Ger. Pat. 416.906. Mar. 29. 1923, addition, to 350.048 to Badiache Co., cf. U. S. 
Pat. 1.410.223 and Ger. Pat. 407,837; Brit. Chem. Abst., 1926, 108B. 

** Holden, Can. Pat. 245,158, Dec. 9, 1924. Impurities are removed from the product by 
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presence of less water than is necessary to prevent the formation of undesired high-boil- 
ing substances during distillation of the reaction product and the necessary amount of 
water is made up after the hydrogenation and the reaction product is then distilled. 

1670. Crotonaldehyde to butyraldehyde. Liquid phase, under 10 to 20 atmospheres 
hydrogen pressure, at 90°-100° C. : nickel-kieselguhr catalyst. CBrit. Pat. 271,103, 
May 15, 1926, to Consortium f. electro-chem. Industr. Ges., Chem. Age (London), 1927, 
17, 86. Cf. Canadian Pat. 276,824, Jan. 3, 1928, to Mugdan and Wimmer; Chem. Abut. 
1928, 22, 2573 J 

1671. Crotonic aldehyde, in the gas phase over nickel, at 125°, yields butyric alde- 
hyde (50 per cent) and butyl alcohol (20 per cent); the alcohol results from the hydro- 
genation of the aldehyde. CDouris, Bull. Soc. Chim ., 1911, (4), 9, 922.] At 170° the 
proportion of butanol increases. 

1672. In absolute ether solution, with platinum-black catalyst, crotonic aldehyde 
yields butyric aldehyde (70 per cent) and butyl alcohol (30 per cent). ^Fournier, Bull. 
Soc. Chim., 1910 (4), 7, 23.] 

1673. Crotonaldehyde to butyraldehyde and butanol. ^Carbide and Carbon Chemi- 
cals Corp. Brit. Pat. 242,521, Mar. 31, 1925.1] 

1674. Production of Alcohols from Aldehydes. Aliphatic hydroxyaldehydes or 
unsaturated aldehydes are treated with hydrogen in the presence copper catalysts. 
In starting from simple aliphatic aldehydes, such as acetaldehyde, the copper catalyst is 
mixed with or deposited upon material capable of promoting condensation of the alde- 
hydes to aldols or to unsaturated aldehydes: n-butyl alcohol and ethyl alcohol are 
obtained from crude aldol and excess hydrogen at 200° C., and n-butyl alcohol is derived 
from crotonaldehyde and hydrogen at 180° C. 14 

1674A. The crude condensation product of organic aliphatic compounds, contain- 
ing at least one carbonyl group, is hydrogenated, preferably at 20-30 atm. and at 50° C., 
in presence of a catalyst comprising at least one heavy metal from the 1st and 8th groups 
of the periodic system. The products are mono- and polyhydric alcohols. £Can. Pat. 
286,095, Jan. 1, 1929, to Mliller and Hoffmann (ass’d to I. G. Farbenind. A.-G.); Chem. 
Abst., 1929, 23, 1416.] 

1676. Methyl-ethyl-acrolein to methyl-pentanol. Ipatiev’s method : palladium 
catalyst : 110 atmospheres : 110° : two or three days. ^Sabatier: Catalysis, 696.] 

1676. ar-Methyl-/3-ethyl-propenal, in alcohol solution, with colloidal palladium cata- 
lyst (gum arabic protective); under 2 atmospheres pressure of hydrogen yields a-methyl- 
valeric aldehyde and some a-methyl-pentenyl alcohol. CSkita, Ber ., 1915, 48, I486.] 


treatment with bromine or chlorine below 60° C., or with hypobromous or hypochlorous acid. 
The purified alcohol may then be distilled off (Brit. Pat. 312,512, June 20, 1928, to Johnson 
from I. G. Farbenind. A.-G.; Chem. Age (London), 1929. 20, 620). 

14 Ger. Pat. 407,837, Mar. 21, 1922, addition to 350,048 to Badische Co., assignees of 
Steimmig and Ulrich. «/. S. C. /., 1925, 474B. 



CHAPTER XVII 


HYDROGENATION OF OPEN-CHAIN KETONIC AND 
ACID COMPOUNDS 

Ketonic Compounds 

1700. Acetone. Acetone over a nickel catalyst at 115°-126° C. gives isopropyl 
alcohol in 85 per cent yield. The yield is less (50 per cent) with a cobalt catalyst. 
[Sabatier and Senderens, Compt. rend., 1903, 137, 302. ] This reaction, with nickel as 
catalyst, proceeds yery slowly at ordinary pressures. Max ted ZChem. and Ind., 1926, 
45, N. S. 366] distilled acetone in a current of hydrogen, at 100 atmospheres, over granu- 
lar nickel catalyst. Isopropyl alcohol was rapidly formed. For good yields the hydro- 
gen should be in excess and a circulation method is desirable. The usual commercial 
method is to agitate acetone, carefully freed from catalyst poisons, with hydrogen 
under pressure, in presence of a nickel catalyst. 

1701. At 200°-300° C. over a nickel catalyst acetone gives methyl-isobutylketone 
and some diisobutyl-ketone. [Lassieur, Compt. rend., 1913, 156, 795.] 

1702. Ipatiev’s method, with copper catalyst, at 280°-300° and 100 to 200 atmos- 
pheres, gives a 65 per cent yield of isopropyl alcohol. With iron catalyst at 400° and 
103 atmospheres, only 25 per cent isopropyl alcohol was produced in twenty hours. 
With zinc dust catalyst the yield was 50 per cent. 

1703. At 210°-220°, by Ipatiev’s method with nickel catalyst, acetone is completely 
changed to isopropyl alcohol : at 250°-300° decomposition to water, propane and lower 
saturated hydrocarbons takes place, [Ipatiev, J. Russ. Phys. Chem . Soc., 1906, 38, 75 
and 1907, 39, 681; Chem. Abst., 1907, I, 2877; Ber., 1907, 40, 1270.] 

1704. With nickel suboxide catalyst at 110° and 30 atmospheres pressure, acetone 
is hydrogenated to isopropyl alcohol. [Senderens and Aboulenc, Bull. Soc. Chim., 1915 
(4), 17, 14.] 

1705. Acetone is hydrogenated to isopropyl alcohol, in 50 per cent water solution in 
presence of platinum-black. [Vavon, Compt. rerul., 1912, 155, 286.] 

1706. Acetone to isopropyl alcohol. Liquid phase : 100° C. under 15 atmospheres 
hydrogen pressure : catalyst mixed carbonates of nickel, cobalt and copper in atomic 
proportion 60 : 30 : 10. [Ger. Pat. 444,665, Jan. 19, 1919, to Riedel.] 

1707. Trifluoro-acetone (trifluorodimethyl-ketone) to trifluoroisopropyl alcohol. 
nSwarts, Bull. Acad. Roy. Bely., 1927, 13, V, 175.] 

1708. Methyl-ethyl-ketone to secondary butyl alcohol with Voorhees- Adams plati- 
num oxide catalyst. Initial pressure 2.75 atmospheres : ketone 80 g., catalyst 0.5 g. 
Reaction complete in four hours. C Voorhees with Adams, J. Am. Chem. Soc., 1922, 44, 
1404.] 

1709. Methyl-ethyl-ketone to methyl-ethyl-carbinol. 16 per cent water solution : 
platinum-black catalyst (twelve hours). [Vavon, Compt. rend., 1912, 155, 286.] 

1710. Methyl-isopropyl-ketone to methyl-isopropyl-earbinol. Gas phase : 130°- 
150° : nickel catalyst. [Sabatier and Senderens, Compt. rend., 1903, 137, 302.] 

1711. Diethyl-ketone to diethyl-carbinol (secondary amyl alcohol). Gas phase : 
130°-140° C. : nickel catalyst. Up to 200° no secondary decompositions occur. [Saba- 
tier and Senderens, Compt. rend., 1903, 137, 302.] 

194 
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1712 . Methyl-propyl-ketone to methyl-propyl-carbinol. Gas phase : 130°-150° C. : 
nickel catalyst. ^Sabatier and Senderens, Compt. rend., 1903, 137 , 302.] 

1713 . Pyruvic Acid — Formaldehyde Condensation Product. A lactone, ra.p. 140°- 
144° C., hydrogenated in presence of platinum-black yields 2 neutral solid isomers, 
m.p. 219° and 234°-235°. CTheophilaktov, J. Ruaa. Phya. Chem. Soc ., 1928, 58, 759.] 

1714 . Methyl-butyl-ketone to methyl-butyl-carbinol. Gas phase : 150° C. : nickel 
catalyst. CSabatier and Senderens, Compt. rend., 1903, 137 , 302.] 

1715 . Butanone to secondary butyl alcohol. Gas phase : 130° C. : nickel catalyst. 
CSabatier and Senderens, Compt. rend., 1903, 137 , 302. j Above 200° secondary decom- 
positions occur. 

1716 . Butylidene acetone to isobutyl-methyl-ketone. Liquid phase : nickel cata- 
lyst : 6 atmospheres hydrogen pressure. 

1717 . Mesityl oxide under same treatment gave same product. CGrignard and 
Fluchaire, Ann. Chim., 1928, 9 , 5; Chem. Abst., 1928, 22 , 1951.] 

1718 . Allyl ketones to saturated ketones. 40 ketone in 200 alcohol : 60° : 10-20g. 
nickel catalyst. Substrate dissolved in 5 parts of ethyl alcohol. CComubert, Compt . 
rend., 1914, 159 , 78.3 Similarly allylcyclohexanone is converted to propyl cyclohex- 
anone. 

1719 . Acetylacetone to pentanediol-2, 4. Adams' platinum oxide catalyst: 60 per 
cent yield. [Thayer and McElvain, J. Am. Chem. Soc., 1928, 50 , 3352.] 

1720 . Butane-dione (diacetyl), CHi-CO-COCHi, to butanol-one (2, 3), CH t - 
CH(OH) -CO-CHi, and butanediol (2, 3), CH, CH(OH) -CH(OH) CH,. Gas phase : 
140°-150° : nickel catalyst. CSabatier and Mailhe, Compt. rend., 1907, 144 , 1086.] 

1721 . 7-Ethyl-A>-penten-0-one to 7-ethylpentane-0-one. Nickel catalyst. [Cologne, 
Bull. Soc. chim., 1927, 41 (iv), 325. 

1722 . Methyl-hexenone to methyl-hexanone. Gas phase : 160°-170° : nickel cata- 
lyst. [Darzens, Compt. rend,., 1905, 40 , 152.] 

1723 . Dipropyl-ketone to dipropyl-carbinol. Liquid phase, aqueous solution : 
platinum-black catalyst. [Vavon, Ann. Chim., 1914 (9), 1, 144.] 

1724 . Diisopropyl-ketone (isobutyrone) to diisopropylcarbinol. Gas phase : below 
180° : nickel catalyst. CAmouroux, Bull. Soc. Chim., 1910 (4), 7 , 154.] 

1725 . 3-Methyl-heptene-(3)-one-(5) to 3-methyl-heptanone-(5) gas phase : 180° : 
nickel catalyst. [Bodroux and Taboury, Compt. rend., 1909, 149 , 422.] The same reac- 
tion, in the liquid phase, is catalyzed by colloidal palladium. [Wallach, Annalen, 1904, 
336 , 37.] 

1726 . 4-Methyl-3-octenone to 4-methyl-3-octanone. Nickel catalyst. The unsat- 
urated ketone was prepared by dehydration of an aldol 5-hydroxy-4-methyl-3-octanone. 
CPowell.] 

1727 . 2-MethyI-3-octen-6-one to 2-methyl-6-octanone (isohexyl -ethyl ketone). Gas 
phase : 210° : nickel catalyst. [Thoms and Kahre, Arch. Pharm., 1925, 263 , 241; 
Chem. Abet., 1925, 19 , 2474.] 

1728 . 2, 4, 8 Trimethyl-nonene-(4)-one-(6) to 2, 4, 8-trimethyl-nonanone-(6). Gas 
phase : 280° : nickel catalyst. [Bodroux and Taboury, Compt. rend., 1909, 149 , 422.] 

1729 . Methyl-nonyl-ketone hydrogenated over nickel at 300°, does not give 
methyl-nonyl-earbinol, but a mixture of other substances, including a ketone C a H 4 40 . 
CHaller and Lassieur, Compt. rend., 1910, 150 , 1017.] 

1730. Pentatriacontanone to pentatriacontane (CuHn) on hydrogenation. CGrlin, 
Ulbrich and Krczil, Z. angew. Chem., 1926, 39, 421; Chem. Abst., 1926, 20, 2818.] 

1731 . In hydrogenating ketones with nickel catalyst hydrocarbons are produced as 
well as secondary alcohols. With other metals and with mixtures of metals there is an 
80 to 90 per cent yield of wax alcohols. [Grim. Synthesis of waxes. Z. angew. Chem., 
1926, 39 , 1037.] 

1732 . Phorone (CHi)iC : CHCO-CH : C(CHs)s, to diisobutyl ketone (valerone). 
Gas phase : 160°-170° : nickel catalyst. At 225° the alcohol (diisobutyl carbinol) and 
diisobutane are also formed. [Skita, 1908, Ber., 41 , 2938.] 
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1733. With colloidal palladium catalyst, phorone is hydrogenated in two stages, first 
to dihydrophoronc and then to diisobutylketone. CPaal, Ber., 1912, 45, 2221.] Under 
increased hydrogen pressure (1 atmosphere) this hydrogenation goes to diisobutyl- 
carbinol. CSkita and Ritter, Ber., 1910, 43, 3393.] 

1734. With platinum-black catalyst the degree of hydrogenation seems to vary with 
the solvent. In ether solution phorone gives diisobutylketone, while in acetic acid 
solution the hydrogenation goes to diisobutyl carbinol. [[Vavon, Ann. Chim ., 1914 (9), 
1, 193.] 

1735. Homo-isophorones. The mixture of the 4 isomers which results on the 
treatment of methylethylketone with sodamide at 0° C. when hydrogenated in presence 
of nickel oxide, by Ipatiev’s method, at 220°-240° C. yields the saturated ketone CnH n O. 
With alumina and nickel oxides there results a cyclic hydrocarbon C 11 H 14 . [[Petrov, 
Ber ., 1927, 60B, 2548; Brit. Chem. Abst., 1928, 156A.] 

1736. Homo-isophorone to CuHj 4 . Nickel oxide-alumina catalyst (Ipatiev’s 
method) : 260°-280° C. : twenty hours. [[Petrov, Ber ., 1927, 60, 2551.J 

1737. Acetyl-acetone gives a pentolone, CHi-CH(OH) CHi CO-CHs, ethyl alcohol 
and isopropyl alcohol, intermediate compounds being acetaldehyde and acetone. Gas 
phase : 150° C. : nickel catalyst. [[Sabatier and Mailhe, Compt. rend., 1907, 144, 1086.] 
Methylacetyl-acetone at 170° C. gave ethanol, butanone and a butanol. 

1738. Acetylacetone, by Ipatiev’s method, gives pentanediol. Pressure, 116 atmos- 
pheres : 109° : palladium catalyst : time, six hours : mechanical stirring desirable. 
[[Ipatiev, J. Russ. Chem. Soc., 44, 1703.] 

1739. Acetylacetone, with platinum-black catalyst gives a glycol, CH* -CHOH CHi 
• CHOH-CHi, with much water and an amyl alcohol, CHi-CHOH-CHf-CHi-CHa. 
CVavon, Compt. rend., 1912, 165, 288.] Acetonyl-acetone to the ether: vapor phase: 
190°. [[Sabatier and Mailhe, Compt. rend. 1907, 144, 1086.] 

1740. Mesityl oxide-oxalic acid ethyl ester (a form) to methylisobutylketone-oxalic 
acid (ethyl ester). Alcoholic solution : colloidal palladium catalyst. The 0 form 
reduces very slowly to the ester of a, a-dimethyltetrahydro-^-pyrone-or'-carboxylic acid. 
[[Borsche and Thiele, Ber., 1923, 56B, 2132; Chem. Abst., 1924, 18, 837.] 

CH, 

1741. Mesityl oxide, CHj • C : CH • CO • CH* to 2-methyl-pen tanone (4). Gas 
phase : 160°-170° : nickel catalyst. [Darzens, Compt. rend., 1905, 140, 152.] The 
product contains a small quantity of the corresponding alcohol and some isopentane. 
DSkita, Ber., 1908, 41, 2938.] 

1742. With colloidal palladium working in alcoholic solution, the hydrogenation 
goes to the 2-methyl-pen tanone (4), but in acetic acid solution methyl-iso-butyl-carbinol 
is formed. [[Skita, Ber., 1915, 48, I486.] Skita and Ritter obtained the saturated 
alcohol, also, by working under 5 atmospheres pressure. £Ber., 1910, 43, 3393.] 

1743. Ipatiev’s method, with nickel oxide catalyst, at 140°-150° converts mesityl 
oxide to methyl-iso-butyl-ketone, with a little of the alcohol. The same result was 
obtained (in two days) with palladium catalyst at 110 °. 

1744. Colloidal palladium (gum arabic protective), catalyzes the hydrogenation of 
mesitvl oxide to methyl-isobutyl-ketone. [[Wallach, Nach. Ges. der Wws. G&Uingcn, 
1910, 517; Skita, Ber., 1915, 48, I486.] 

1746. With colloidal platinum mesityl oxide in aqueous solution is hydrogenated to 
the ketone, in acetic acid solution, to the alcohol. £Skita, loc. cil.2 

1746. With platinum-black, first methyi-isobutyl-ketone, then the alcohol are formed. 
CVavon, Compt. vend., 1912, 155, 287.] 

1747. Civetone 1 (odorous constituent of civet) probably, 

CH,(CH,).CH : CH(CH,) 7 CO 


1 Civetone contains a 17 C-ring: note that a C 17 acid has been reported in the analogous 
secretion of the anal gland of the hyena. 
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on catalytic hydrogenation by the Paal-Skita method gives a dihydrocivetone. [Ruzicka, 
Helv. Chim. Acta, 1926, 9, 230.] 

1748. Benzyl ethers of sugars : catalytic hydrogenation. See: Freudenberg, Durr, 
Hochstetter and others. [Ber., 1928, 61B, 1735.] 

1749. Laevulose (fructose) to a-mannite (d-mannitol). Ipatiev’s method: the sugar 
in solution : 130° C. : 100 atmospheres : “ nickel oxide ” catalyst. Stirring important. 
The same result is obtained with a palladium catalyst, reduced from the chloride by 
formate. [Ipatiev, Chem. Abst., 1913, 7, 1171; Ber., 1912, 45, 3218.1] 

1760. Levulose to mannitol. Not less than 3 atmospheres pressure : finely divided 
metal or metallic oxide catalyst : not above 70° C. [Lupieri and Mayer, French Pat. 
468,920, May 6, 1913.] Other methods than the catalytic are given, e.g., electrolytic, 
nascent hydrogen from formic acid, sodium amalgam produced continuously by elec- 
trolysis. 

1761. Glucose to sorbitol (sorbite), Ipatiev’s method : u nickel oxide ” catalyst : 
130° at 100 atmospheres. With the palladium catalyst the same result is obtained at 
110°. [Ipatiev, J . Russ. Phys. Chem. Soc., 1912, 44, 1002; 1710; Chem. Abst., 1913, 7, 
1171; Ber., 1913, 45, 3218.] In half-normal potassium hydroxide solution, with platinum- 
black catalyst, d-glucoee was slowly reduced to a mixture of d-eorbite and d-mannite. 
[Cake, J. Am. Chem. Soc., 1922, 44, 859.] 

1752. Galactose to dulcite (dulcitol). Ipatiev’s method : “ nickel oxide ” catalyst : 
100 atmospheres at 130°. 

1753. Triacetyl-/3-methyl-d-glucoseenide readily absorbs 1 mol. of hydrogen, in 
acetic acid solution, in presence of spongy platinum. [Heiferich and Himmen, Ber., 
1928, 6 IB, 1825.] 

1753A. Compounds such as sugars, starch, cellulose, glycerol, glycosans, glyconic 
acid and cyclic polyhydroxy compounds are hydrogenated by treatment with activated 
hydrogen under high pressure (usually 70-100 atmospheres, but possibly ranging from 
10 to 100 atmospheres) and at temperatures of above 150° C. (preferably 190-300° C.). 
Glycerol and its further reduction product, 1, 2-di hydroxy pro pane, may form the main 
products. Hydrogenating catalysts are used, such as those of the iron and platinum 
groups, copper, silver, gold or tungstic acid, which may be mixed with each other and 
used on a carrier. [Brit. Pat. 299,373, Oct. 24, 1927, to I. G. Farbenind. A.-G.] 

1754. Diisopropylidenemethylpentoses are obtained by hydrogenation, in presence 
of spongy platinum, of an unsaturated compound 


H • C • Ov 

| >C(CH,)« 

H-C-O^ 

OCH 

L_ 

l -OCH \C(CH,), 

co^ 

II 

CH, 


This compound is formed by treatment of diisopropylidenegalaetose-t-iodo-hydrin 
with sodium methoxide in methanol at 125°-130° C. [Freudenberg and Raschig, Ber., 
1929, 62B, 373; Bril. Chem. Abst., 1929, 427A.] 
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Acids, etc. 

1755. Alkyl esters. In reducing methyl formate or other alkyl esters by hydrogena- 
tion a catalyst is used which is prepared by partial reduction of oxides and hydrides of 
copper (care being taken that no metallic copper is formed) in association with alkaline 
substances. [U. S. Pat. 1,605,093, Nov. 2, 1926; Chem. Abst., 1927, 21, 104.] 

1756. Acrylic esters to propionic esters. Gas phase : 180° C. : nickel catalyst. 
[Darzens, Compt. rend., 1907, 144, 328.] 

1757. Similarly ethyl dimethylacrylate to ethyl isovalerate; and other acrylic esters 
of complicated structure, e.g., normal undecylic acid from undecylenic acid obtained by 
destructive distillation of castor oil. 

1758. Crotonic acid, in gas phase, at 190°, over nickel gives butyric acid quantita- 
tively. [Sabatier and Mailhe, Ann. Chim. Phys ., 1909 (8), 16, 73.] The same result is 
obtained, in the liquid phase, with colloidal palladium catalyst. [Bocseken, van der 
Weide and Mom, Rec. Trav. Chim. Pays Bos., 1915, 36, 260]. Also with colloidal 
platinum. [Fokin, J. Russ. Phys. Chem. Soc., 1908, 40, 276.] 

1759. Isocrotonic acid, with colloidal palladium catalyst, is transformed into butyric 
acid. [Boeseken, van der Weide and Mom, Rec. Trav. Chim . Pays Bas , 1915, 35, 
260.] 

1760. In general, catalytic hydrogenation of esters of unsaturated acids adds hydro- 
gen at the ethylenic linkages, thus differing from the more drastic action of sodium and 
other reduction methods. Cf. Darzens, Bull. Soc. Chim., 1907, 4 (1), 179, and contrast 
Boudeault and Blake’s results (using sodium and boiling alcohol), Compt. rend., 1903, 
136, 1676. 

1761. Sorbic acid to normal valeric acid. Liquid phase : colloidal platinum catalyst. 
[Fokin, J. Russ. Phys. Chem. Soc., 1908, 40, 276.] 

1762. 0-Hydroxydecanoic acid (methyl ester) to tridecanoic acid (methyl ester). 
Solution in 90 per cent ethanol : platinum oxide-platinum-black catalyst : 2 to 3 atmos- 
pheres. [Noller and Adams, J. Amer . Chem. Soc., 1926, 48, 1074.] 

1763. Undecylenic acid (ester) to undecylic acid (ester). Gas phase : 180° : nickel 
catalyst. [Darzens, Compt . rend., 1907, 144, 328.] 

1764. Oleic Acid to Stearic Acid. Gas phase. At 280°-300°, vapors of oleic acid 
carried over a nickel catalyst by a rapid current of hydrogen are transformed into 
stearic acid. [Sabatier and Mailhe, Ann. Chim. Phys., 1909 (8), 16, 73.] With a cop- 
per catalyst the same hydrogenation can be effected at 300°. Water-gas may, on the 
large scale, be substituted for hydrogen. [[Sabatier, French Pat. 394,957, 1907.] 

1765. By Ipatiev’s method, using " nickel oxide ” catalyst, at 100° and 60 atmos- 
pheres, oleic acid is hydrogenated to stearic acid in twelve hours. Prolonged treatment 
at 25 atmospheres was without effect. [Fokin, J. Russ. Phys. Chem. Soc., 1906, 38, 
419 and 855.] 

1766. In the liquid phase, at 250°, in presence of nickel catalyst, oleic acid is hydro- 
genated with a velocity nearly proportional to the pressure of the hydrogen. [Shaw, 
J. Soc. Chem. Ind ., 1914, 33, 771.] 

1767. In the liquid phase, with a colloidal palladium catalyst, oleic acid is 60 per 
cent hydrogenated to stearic acid in forty-three minutes. [Paal and Gerym, Bex., 1908, 
41, 2273.] Colloidal platinum also catalyzes the transformation of oleic acid to stearic 
acid. [Fokin, J. Russ. Phys. Chem. Soc., 1908, 40, 276.] With palladium-black, oleic 
acid in ether solution is slowly hydrogenated. The change is accelerated by operating 
at higher temperatures with the hydrogen under pressure. With a platinum-black 
catalyst oleic acid is hydrogenated to stearic acid. (Sabatier: Catalysis, 565.) 

1768. Amyl oleate to amyl stearate. Gas phase : platinized asbestos catalyst. 
[Fokin, J. Russ. Phys. Chem. Soc., 1906, 38, 419.] 

1769. Methyl oleate, methyl erucate, methyl cetoleate and methyl clupanodonate. 
A study of the velocity of hydrogenation of these esters dissolved in alcohol or in acetic 
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«icid with platinum-black as catalyst. See paras. 3228 to 3242. CUeno and Kuzei. 
J. Soc. Chem. Ind. Japan , 1927, 30, 268; Chem. Abst., 1927, 21, 2458.] 

1770. CuHtjOj to stearic acid with platinum-black catalyst. This is an unsaturated 
acid obtained by treating dibromelaeoetearic acid with cold potassium hydrate. [Tshio, 
J. Pharm. Soc. Japan, 1923, 601, 789, through Chem . Abst., 1924. 815.] 

1771. Ethyl oleate in ether solution is hydrogenated, in presence of palladium-black, 
to ethyl stearate. ^Sabatier, Catalysis, 677.] At 250°, in presence of nickel catalyst, 
ethyl oleate is hydrogenated. ^Sabatier, Catalysis, 601.] 

1772. Elaidic acid to stearic acid. Gas phase in rapid current of hydrogen : 280°- 
300° : nickel or copper catalyst. CSabatier and Mailhe, Ann. Chim. Phys., 1909 (8), 
16,73.] 

1773. Linoleic acid to stearic acid. Liquid phase : colloidal platinum catalyst. 
CFokin, J. Russ. Phys. Chem. Soc., 1908. 40, 276.] 

1774. Elaeomargaric Add. Schrapinger * studied the hydrogenation of Chinese 
wood oil in order to throw some light on the structure of wood-oil fatty acid. He used 
the method of Paal * (palladium-hydrosol as hydrogen carrier), and the modification by 
A. Skita (higher pressure, for the purpose of accelerating the reaction.) The wood-oil 
acid to be reduced was dissolved in 30 cc. of alcohol. The palladium chloride was dis- 
solved in 50 cc. of boiling water; 0.5 g. of gum arabic was also separately dissolved in 
50 cc. of water. The two solutions were mixed after cooling, and the alcoholic wood-oil 
acid solution was added; enough ether and alcohol was then added so that a uniform 
liquid was obtained. Hydrogen, under 1 atmosphere pressure, was then forced into 
this mixture, and the closed vessel shaken during the process. In two separate experi- 
ments, the sodium salt, as well as the free acid, was reduced. It was found that the 
sodium salt reduces better than the acid itself, owing to the greater solubility of the 
sodium salt in aqueous alcohol, thus eliminating the possibility of coating the colloidal 
palladium particles by precipitated acid. After the reaction was finished, the solution 
was raised to boiling, then filtered and finally evaporated. The residue was dissolved 
in hot water, and acidulated with hydrochloric acid. The precipitated acid was recrys- 
tallized from alcohol, possessed a melting-point of 69° to 69.5° C. and showed the follow- 
ing composition : 

1. 0.2138 g. substance gave: 

0.5969 g. CO* corresponding to 0.1627 g. C. f 
0.2386 g. H*0 corresponding to 0.0266 g. H. 

2. 0.1941 g. substance gave: 

0.5424 g. CO* corresponding to 0.1479 g. C., 

0.2135 g. H*0 corresponding to 0.0238 g. H. 

Calculated for CuHi*0* C = 75.98 per cent, H = 12.76 per cent, 

Found C = 76.09 per cent, H ■= 12.44 per cent, 

C = 76.19 per cent, H = 12.26 per cent. 

The product obtained, therefore, was stearic acid, whereby it was proved that elaeo- 
margaric acid is an acid with a simple (straight) chain. Yield: 63 per cent of the theory. 

1776. Selective hydrogenation of alpha-elaeostearic acid (from tung oil). See: 
CBoeseken, Rec. Trav. Chim., 1927, 46, 619; full abstract, Bril. Chem. Abst ., 1927, 1169: 
and Boeseken and van Krimpen, Proc. K. A had. Wctensch ., Amsterdam, 1928, 31, 238; 
Bril. Chem. Abst., 1928, 736A.] 

1776A. Hydrogenation of polymerized alpha-elaeostearic acid (from Chinese wood 
oil) yielded chiefly stearic acid. CBauer, Chem. Umschau Felle,Oele , Wachse u. Harze , 
1926, 33, 53; Chem. Abst., 1926, 20, 3585.] 

* Dissertation. Karlsruhe, 1912; Stevens and Armitage, China Wood Oil. Vol. II, Part 2, 
2770. 

1 Ber., 1905, 38, 1406, 2414; 1907, 40, 2209; 1908, 41, 2273, 2282. 
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1776. Castor oil (ricinoleic acid glycerides) by partial hydrogenation to glycerides of 
X-hydroxystearic acid : Nickel : 80° C. CGrtin and Czerny, Ber., 1926, 69, 54.] 

1777. Walden. Optical inactivity of hydrogenated ricinoleic acid and its deriva- 
tives. £Chem. Umschau Fette Oele Wachse Harle , 1925, 32, 275.] 

1778. 12-Hydroxy8tearic acid is prepared from castor oil by limited hydrogenation, 
avoiding attack of the hydroxyl group. Oil 5 kg., 1.5 per cent nickel on a carrier, hydro- 
genation at barely 80° for three hours until about three-quarters saturated. The prod- 
uct is “ alcoholized ” with acid alcohol (2 per cent HC1) giving the mixed esters. From 
the ethylcster a mixture of cis- and trans - A 11 * l, -octadecenic acid can be obtained by the 
catalytic action of 0-naphthalene sulphonic acid, 0 -Ci O H 7 SOiH. CGrlin and Czerny, 
Ber ., 1926, 69B, 54.] 

1779. Unsaturated Hydroxy-acid of Cerebrosides. An acid, probably 

CH, (CH,) 7 CH : CH • (CHj)u • CH(OH) • COOH 

is present in cerebroside fractions and on catalytic hydrogenation takes up 2 atoms of 
hydrogen, giving cerebronic acid. Cerebronic acid is probably Cj 4 HuO* and not 
CtftHfcoOi. CKlenk, Z. Physiol. Chcm., 1928, 174, 214.] 

1780. Protolichestearic acid, CiJIiiO^ from Celraria islandica , with hydrogen and 
platinum-black gives a dihydro-derivative CifHuOi. 

Lichestearic acid (derived from the above by heating with acetic anhydride) gives, 
on heating in a vacuum, a lactone which with hydrogen and palladinized barium sul- 
phate yields a dihydro-derivative. CAsahina and Asano, J. Pharm. Soc. Japan , 1927, 
No. 639, 1.] 

1781. a-Elemic acid to a dihydro-acid : ethanol solution : palladinized kieselguhr 
catalyst. £Bauer, Ber., 1928, 61B, 343.] 

1782. Nervonic acid, C^H^Oi, to n-totracosoic acid CiiHuOj; colloidal palladium. 
CKlenk, Z. Physiol. Chem., 1926, 167, 283, 291.] 

1783. Reduction of Polybasic a-Hydroxy-adds under the Influence of the Com- 
bined Action of Catalysts. 4 * The action of hydrogen under pressure on heated solutions 
of sodium malate, tartrate, and citrate in the presence of aluminum oxide and nickel 
oxide is characterized by reduction of the hydroxyl group by hydrogen with production 
of the corresponding saturated polybasic acid and decomposition of the molecule into 
monobasic acids. The first change is observed only with malic and tartaric acids, 
which give succinic acid in 50 per cent yield and very small amount respectively. 
Decomposition of the acids affords formic and acetic acids, carbon dioxide, and methane. 
Methylsuccinic acid is obtained from citric acid in rather more than 30 per cent yield.* 

1784. The sodium salts of a-hydroxy-a'-methylsuccinic, a-hydroxy-aa '-dimethyl- 
succinic and a-hydroxy-or-methyl-a'-ethylsuccinic acids (at 250° C., 60-68 atmospheres 
hydrogen pressure, with nickel-alumina catalyst) underwent the same reduction of the 
hydroxyl. Yields of 25-30 per cent methyl succinic acid, of 18-45 per cent formic and 
acetic acids and traces of higher fatty acids were obtained. In the case of a-hydroxy-<x- 
methyl-a'-ethylsuccinic acid, 30 per cent of butyric acid was formed. CRazubaiev, 
J. Russ. Chem. Phys. Soc., 1927, 69, 1071.] 

1786. Maleic Anhydride to Succinic Anhydride. 6 Maleic anhydride vapor is passed 
with hydrogen over a catalyst (nickel at 180° C., copper at 300 °C.) other than platinum; 
or the anhydride is reduced with hydrogen in ethyl acetate in presence of a nickel 
catalyst at 15° C. 

1786. Fumaric acid to succinic acid. Aqueous solution of sodium salt : colloidal 
palladium catalyst. CPaal and Gerum, Ber., 1908, 41, 2273-2277.] 

4 Ipatiev and Razul>aicv, Bcr., 1927, 60B, 1973 (1927). 

6 Bril. Chem. Abet., 1927, 1054A. 

6 1. G. Farbenind. A.-G., Assignees of F. Webel, Ger. Pat. 441,002, Dec. 18, 1924. Brit. 
Chem. Abet., 1927. 924B. 



OPEN-CHAIN ACID COMPOUNDS 


201 


1787. Succinic anhydride to propionaldehyde. 7 8 

1788. Carboxylic acids or their anhydrides are acted on by reducing gases such as 
hydrogen, coal gas, producer gas, or water-gas at high temperatures, in presence of 
hydrogenation catalysts such as chromium, iron, copper, manganese, cobalt and their 
oxides. As promoters may be used lead, beryllium, cerium, uranium, zinc and their 
oxides. 1 

1789. Succinic anhydride to butyro-lactone. Gas phase : low temperature : nickel 
catalyst. 

CHj-CO CH # CH 

CHt-CCr CHj-CO 

CEijkmann, Chem. Weckblad., 1907, 4, 191.] 

1790. Muconic acids (methyl esters) to adipic acid (methyl ester). Palladium 
catalyst. ^Farmer and Duffin, J. Chem. Soc., 1927, 402.] 

1791. Citraconic acid and itaconic acid to pyrotartaric acid. Liquid phase : col- 
loidal platinum catalyst. CFokin, J, Russ. Phys. Chem. Soc., 1908, 40, 276. Cf. Asa- 
hina el al., Acta Phylochemica t 1924, 2, 1.] 

1792. Dihydrochaulmoogric and dihydrohydnocarpic acid homologs. CSee Hiers and 
Adams, J. Am. Chem. Soc., 1926, 48, 1089.] 

1793. Laevulinic acid, 7-ketovaleric acid, over nickel at 250°, gives the hydroxy- 
acid. This, being a 7-hydroxy acid, loses water at the temperature of the reaction, and 
forms 7-valerolactone. ^Sabatier and Mailhe, Ann. Chim. Phys., 1909 (8), 16, 78.] 

1794. Ethyl 0-methyl-A a -tridecene-ai*-dicnrboxylate to ethyl /3-methyl tridecane-aK- 
dicarboxylate. Platinum-black catalyst. CRuzicka and Stoll, Helv. Chim. Ada , 1927, 
10, 680. An investigation of muscone.] 

1795. Aconitic acid with colloidal platinum hydrogenates to the saturated tricarbal- 
lylic acid. CFokin, J. Russ. Phys. Chem. Soc., 1908, 40, 276.] 

1796. Dilactone (CioHuOs) from condensation of 2 molecules of a-keto-/3-methylol- 
butyrolactone on hydrogenation with platinum sponge yields 2 isomers : C*HsoOis. 
CFeofilaktov, Bcr ., 1927, 69B, 2765; Chem. Abst., 1927, 21, 896.] 

1797. The dilactone CuIIieO* formed by oxidation of dianhydrostrophanthidin, 
yielded a tetrahydro derivative on hydrogenation in presence of palladium. This was 
further hydrogenated, with difficulty, to a hexahydrodilactone CijHnOi. ^Jacobs and 
Collins, J . Biol. Chem., 1925, 65, 491.] 

1798. Methyl Esters of the co-Hydroxy Aliphatic Acids. The methyl esters of the 
awildehydo acids were reduced to the corresponding methyl esters of the a>-hydroxy acids 
according to the method of Carothers and Adams for the reduction of aldehydes to pri- 
mary alcohols. A solution of 0.2 mole of the aldehyde ester in 100 cc. of 95 per cent 
ethyl alcohol, to which had been added 0.2 g. of platinum oxide catalyst and 2 cc. of 
freshly prepared 0.1 m. ferrous sulphate solution, was shaken with hydrogen under 
about 2.5-3 atmospheres pressure. Usually about two hours were required for the 
absorption of the theoretical quantity of hydrogen. 9 

1799. d-Gluconic acid to d-glucose. Aqueous solution : 10-17 pounds hydrogen 
pressure : platinum oxide catalyst : 14-28 per cent yields. Galactonic acid gave 30-45 
per cent yields of dulcitol. Mannonic acid gave yields of 2 per cent or loss. QGlanfeld 
and Shaver, J. Am. Chem. Soc., 1927, 49, 2305; Chem. Abst., 1927, 21, 3353.] 

7 This is given as an example of the method disclosed in Brit. Pat. 290,319, Jan. 7. 1927, to 
I. G. Farbenind. A.-G. (Another examplo is the production of benzaldehyde from phtholio 
anhydride.) 

8 Chem. Abst., 1929, 23 , 850. 

9 Lycan and Adams, J. Am. Chem. Soc., 1929, 51 , 627. 




CHAPTER XVIII 


NON-NUCLEAR HYDROGENATION OF CARBOCYCLIC COMPOUNDS * 


Penta-cyclic Compounds 

1800. Cyclopentanone. In 15 per cent solution in ether, with a platinum-black 
catalyst, cyclopentanone can be hydrogenated to cyclopentanol. CVavon, Compt. rend., 
1912, 155, 287.3 Yohe and Adams ZJ. Am. Chem. Soc., 1928, 50, 15053 using the 
Adams’ catalyst, worked with 95 per cent ethanol as solvent. With 100 cc. of the solv- 
ent to 1 mole of the ketone, when reduction of the platinum oxide had taken place in 
presence of the latter, considerable reduction to cyclopentane and water occurred. 

1801. Methyl (1) cyclopentanone (3) to methylcyclopentane. Gas phase : 250° : 
nickel catalyst. ^Zelinsky, Ber., 1911, 44, 2781.3 At 150° the a and /3-methyl-cyclo- 
pen tan ones, however, are hydrogenated to the corresponding alcohols, but there also 
occurs a union of the two rings, with the formation of large quantities of dimethyl-cyclo- 
pcnty 1-pen tanones. [Godchot and Taboury, Bull. Soc. Chim ., 1913 (4), 13, 591.3 

1802. Isopropylidene-cyclopentanone to isopropyl-cyclopentanone. Liquid phase : 
colloidal palladium catalyst. CWallack, AnnaUn , 1912, 394, 362.3 

1803. Ketodihydrodicyclopentadiene on catalytic hydrogenation gives ketotetra- 
hydrodicyclopentadiene. CWieland, Bergel, Schwarz, Schepp and Fukelmann, Annalen, 
1925, 440, 13.3 

1804. The hydroxymethylene derivative of 1:2:2: 3-tetramethylcyclopentyl- 
methyl-ketone, CtHn-CO-CH : CH-OH, hydrogenated with nickel catalyst gives 
1:2:2: 3-tetramethylcyclopentyl-0-hydroxyethylketone. CRupe and Perret, Helv. 
Chim. Acta , 1926, 9, 97.3 

SlX-MEMBERED CaRBOCYCLIC RlNO COMPOUNDS 
HYDROCARBONS 

1805. Cresyl-propenes (2), ortho-, meta-, and para, in the gas phase, with nickel 
catalyst, not very active, or specially treated so as not to catalyze the hydrogenation of 
the benzene ring, at 160°-180°, or above 300° with active nickel, are converted into the 
corresponding cymenes. ^Sabatier and Murat, Compt. rend., 1913, 156, 184.3 

1800. l-Phenyl-2-propyl-pentene to 1 -phenyl -2-propyl-pentane. Gas phase : 300° : 
nickel. CMurat and Amouroux, J. Pharrn. Chim., 1912, (7), 5, 473.3 

1807. aa-Diphenylethylene (stilbene) to aa-diphenylethane (dibenzyl). Gas 
phase : 220°-240° C. : nickel, moderately active catalyst. ^Sabatier and Murat, Ann . 
Chim., 1915 (9), 4, 284-297.3 

1808. 1,3-Diphenylpropene, a>-Benzyl-styrol, C#H**CHfCH : CH-C«H», to 1,3- 
diphenylpropane, CHj(CHfC#H*)i. Alcohol solution : palladium-calcium carbonate 
catalyst. CStoermer and Thier, Ber., 1925, 58, 2607.3 

1809. Diphenyl-butenes to diphenyl-butanes. Gas phase : 200° : nickel catalyst. 
nSabatier and Murat, Ann. Chim., 1915, (9), 4, 284-297.3 

1810. Diphenyl-pentenes (diphenyl-1, 3-ethyl-2-propenes) to diphenyl-pentanes. 
Gas phase : 225° : nickel catalyst of moderate activity. ^Sabatier and Murat, Ann. 
Chim., 1915 (9), 4, 297.3 

* For reasons special to each case some hydrogenations wholly or partially nuclear are 
treated in this chapter and in Chapter XIX. 
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1811. 9 : ^Diphenyl-A^Miphensuccindadiene to 9 : 12-diphenyl-A ,0 -diphensuc- 
cindene. Aqueous solution : palladium catalyst. 9 : 12-DiphenyIdiphensuccindane 
and other analogous compounds are also dealt with in the original paper. [Brand and 
Muhl, J. prakt. Chem ., 1925, 110 (ii), 1 J 

1812. 9 : 12-Di-n-propyl-<liphen8uccindadiene-9 : 11 to 9 : 12-di-nrpropyl-diphen- 
succindane. Alcoholic solution : palladium-charcoal catalyst. [Brand and Sasaki, 
Ber., 1925, 68, 2548J 

1813. 9 : 12-Di-n-propylidene-diphensuccindane to 9 : 12-di-n-propyl-diphensuccin- 
dane (Ibid.). 9 : 12-Di-wo-propyldiphensuccindadiene 9-11 to 9 : 12-di-wo-propyldi- 
phensuccindane (Ibid.). 

1814. af-Diphenylbutadiene to af-diphenyl-n-hexane. Platinum oxide or palladium 
oxide catalyst. [Kuhn and Winteretein, Helv. Chim. Ada, 1928, 11, 87-151. j 

1816. Diphenylpolyenes: catalytic hydrogenation. See: Kuhn and Winteretein, 
Helv. Chim. Ada , 1928, 11, 87; Chem. Abst., 1928, 22, 1769. 

1816. Hydrogenation of Hydrocarbons Resulting from Decomposition of Alkali- 
metal Organic Compounds. 1 C»Hn (obtained by the action of lithium on diphenyl 
dichlorcthylene or on diphenyldibromethylene) to C M H 14 . Palladium-barium sul- 
phate catalyst. A liquid dihydrophenanthrene (resulting from the action of ethanol on 
iithium-phenanthrene) gave 2 tetrahydrophenanthrenes. The 1, 2-dihydro derivative 
of 1,2, 4, 5-tetraphenyl benzene gave tetraphenyl benzene on treatment with hydrogen 
in presence of palladium. 

1817. Benzene and Toluene from Technical Xylene and from Solvent Naphtha. A 

process which is not, strictly, a hydrogenation but a demethylation by means of hydrogen 
in presence of metallic sulphides and alumina is described by Juchnovski (Yukhnovskii) 
in Ukraine. Chem. J., 1928, 4 (Tech.), 65; good abstracts will be found in Chem. Abst., 
1929, 23, 377, and in Brit. Chem. Abst., 1928, 844B. 

1818. Purification of Crude Benzole by Selective Hydrogenation. 1 Crude benzol is 
purified and desulphurized by heating at high temperature and pressure in presence of a 
catalyst immune from sulphur poisoning and of hydrogen or hydrogenating gases. For 
example crude benzol containing thiophene may be passed in a current of hydrogen 
over a contact mass composed of molybdic acid and zinc oxide pressed together. The 
product will be free from thiophene and unsaturated compounds. Pressures should be 
above 50 atmospheres, temperature, 450° C. (842° F.). Molybdenum, tungsten, or 
chromium may serve for the contact mass. 

HTDROXYL COMPOUNDS 

1819. Phenols to hydrocarbons. High pressure (70-80 kg.-cm.*) : 480° C. : alumina 
catalyst, also thoria and silica. Phenol gives mainly benzene; the cresols mainly 
toluene; cyclohexanol a mixture of hydrocarbons, only slightly unsaturated. 1 

1820. Hydrogenation of Organic Substances at High Temperature and Pressure 
Using Non-hydrogenating Catalysts. 4 Complex organic substances, when heated with 

1 Addition of alkali metal at carbon-carbon linkages. Schlench and Bergmann (with 17 
others). Ann. t 1928, 463 , 1; Chem. Abst ., 1928, 22 , 4493. 

1 Brit. Pat. 258,576 (convention date Sept. 15, 1925) to I. G. Farbenind. A.-G. 

• Kling and Florentin, Compt. rend., 1927, 184 , 885. Cf. Idem, Ibid., 1926, 182 , 520, and 
Idem, Bull. Soc. chim., 1927, 41 , (iv), 1314. Cf. Brit. Pats. 276,007 (next paragraph) and 
279,488 (Oct. 23, 1926) to Florentin, Kling and Matignon. According to the later patent, 
with complex material such as low temperature tars, a second catalyst may be employed 
(e.g., a halide of magnesium, zinc, iron, chromium or aluminum), and the hydrogenation 
effected in two stages at different temperatures. Chem. Abst., 1928, 22 , 2835. Brit. Pat. 
276,007, May 26, 1926, describes the obtaining of light hydrocarbons from animal and veg- 
etable oil by treating the oil in the continuous liquid phase at 350°-480° with hydrogen at 
a pressure of at least 45 kg./cm.* in the presence of a dehydrating catalyst, e.g., thoria, 
alumina, clay, or silica. Brit. Chem. Abst., 1927 , 836B. 

4 Kling and Florentin, Compt. rend., 1926, 182, 526-527. 
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hydrogen under pressure, are more readily reduced in the presence of a catalyst such as 
aluminum chloride, which causes the intermediate formation of substances less stable 
than the original. Thus, cyclohexanol, heated at 420°-440° C. with hydrogen 
under pressure, in presence of aluminum chloride, gives an excellent yield of cyclohexane 
and some normal hexane. Naphthalene under similar conditions yields chiefly benzene, 
toluene, xylenes, etc. The method is of general application. 1 * * * * 6 

1821. Cracking and Hydrogenating Oxygen-containing Organic Compounds. Flor- 
entin, Kling and Matignon 8 treat organic compounds containing hydroxyl or carboxyl 
groups with hydrogen (with or without carbon monoxide or hydrocarbon gases) at 350°- 
480° C. and under a pressure not less than 45 kg. per square centimeter, in presence of 
dehydrating catalysts (e.g., thoria, alumina, clay, silica). Saturated light oils are pro- 
duced. Among the raw materials mentioned are: phenol, cresols, phenolic oils, cyclo- 
hexanol derivatives, shale oil, fatty oils. An instance is mentioned where shale oil 
yielded 80 per cent of saturated oil of sp. gr. 0.855, 48 per cent boiling below 205° C. 

1822. Reduction of Phenols to Aromatic Hydrocarbons. A process which does not 
seem to employ a catalyst is described for the reduction of phenols by Borrmann. 7 
Phenolic compounds, such as low-temperature tar phenols, are treated with hydrogen in 
vertical coils contained in a furnace into which hot gases arc admitted from the top. 
The phenols are preheated and vaporized in the lower portion of the coils, and, after 
admixture with hydrogen, are reduced during their passage through the upper portion 
of the coils. The issuing gases are fractionated and condensed, the uncondensed por- 
tion being absorbed in oil scrubbers. The heating gases are charged into the furnace 
at a temperature of 800°-900°, and the mixture of phenol vapor and hydrogen is main- 
tained at 750°. 8 

1823. Production of Benzene by Reaction between Phenolic Vapors and a Reduc- 
ing Gas. In the reduction of phenol to benzene at 750° by hydrogen or gases containing 
it, efficient temperature control is obtained by separately heating the phenol vapors 
and the reducing gases to the reaction temperature before mixing. Each component is 
heated by passing part of the gas or vapor through a superheater in which it is raised 
above the reaction temperature, by-passing the remainder, and mixing the superheated 
part with the remainder as required to obtain the necessary temperature.® 

1824. Hydrogenation of Phenols in Presence of Ferrous Oxide. Iiamage treats 
phenols such as crude “ tar acids," with hydrogen in presence of ferrous oxide at 700° C. 
and obtains toluene and benzene. 10 

1826. Hydrogenation of Low-temperature Tar Phenols. 11 Low'-temperature tar 
phenols or tar oils containing them are distilled with steam at high temperatures over 
substances which decompose steam with the lil>eration of hydrogen, e.g., iron or coke. 
Benzene and its derivatives arc obtained. By regulation of the temperature some 
control may be had over the nature of the products. High temperatures yield low- 
boiling benzole. A good yield of phenol itself is obtained by incomplete decomposition. 
Using low-temperature tar phenols and distilling with steam at 050° C., a yield of 60-65 
per cent of hydrocarbons is obtained; phenols, chiefly phenol, amount to 7 per cent. 

1826. Phenols to Hydrocarbons by a Bergin Type Process. The phenol or mixture 
of phenols is heated at 470° with hydrogen under 90 atmospheres pressure for one hour. 
To obtain the maximum reduction the light oils and water formed should be removed 
continuously from the autoclave. The process yields 80 per cent of light hydrocarbons 

1 Brit. Chem. Abat., 1026, 381A. 

• Brit. Pat. 263,082, Dec. 17, 1925; Chem. Age (London), Feb. 19, 1927, 190. 

7 Ger. Pat. 403,192, June 6, 1922. 

8 J.S.C.I. , 1925, 347B. 

•Brit. Pat. 273.493. July 7, 1927 to Irinyi. 

10 U. S. Pat. 1,430,585, Oct. 3. 1922; C. A., 1922, 16, 3903. 

u Ger. Pat. 422,035, July 16, 1921 to Oberschlesiachc Kokswcrko <fc Chem. Fabr. A.-G. 

and Supan. 
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distilling to 250°. Methane and water are formed as by-products. The unchanged 
phenol can be again submitted to the process. 11 

1827. The interior of metal apparatus for the manufacture of hydrocarbons from 
phenols is coated with a substance capable of hindering carbon deposit, e.g., a layer of 
metal sulphide, formed by passing sulphur-containing gases through the apparatus before 
use. 1 * 

1828. Phenol to benzene. Vapor phase at 750° C. The vapor and the reducing 
gas are separately preheated. 14 Regulation of the heat is secured by the admission of 
cold gas; this is necessary for the production of phenol. 16 See para. 1823. 

1829. Cresols to Toluene. Stadnikov, Gavrilov and Vinogradov 16 reduced cresols 
by treatment with a catalyst composed of iron on which is deposited activated charcoal. 
The mechanism is that the cresol is reduced, the carbon is oxidized; next a portion of the 
c resol is decomposed and a fresh deposit of active carbon forms on the iron and so on. 
Paracresol gives the best results. The maximum yield possible is 92.5 per cent; 90 per 
cent is realized with pure cresol. 

1830. a^Trifluoro-m-cresol to a>-trifluoromethylcyclohexanol and a>-trifluoromethyl- 
cyclohexane. Platinum-black catalyst. [Swarts, Bull. Soc. Chim. Belg., 1923, 32, 367.] 
This, however, it should be noted, is a nuclear hydrogenation. 

1831. Phenyl-ethyl alcohol (phenylmethyl carbinol) to ethyl-benzene. Gas phase : 
380° C. : nickel catalyst. [Sabatier and Murat, Ann. Chim., 1915, (9), 4, 257.] 

1832. Cyclohexane-diol (1, 2) ether to cyclohexanol. Gas phase : 160° : nickel 
catalyst. Yield quantitative. [Brunei, Ann. Chim. Phys ., 1905 (8), 6, 237.] 

1833. Benzyl alcohol to toluene. Gas phase : 370° : nickel catalyst : 80 per cent 
yield. [Sabatier and Murat, Ann. Chim., 1915 (9), 4, 258.] At lower temperatures, 
some methyl cyclohexane is formed. With excess of methanol vapor, over thoria, at 
420°, toluene is also produced. 

1834. By Ipatiev’s method, wnth an iron catalyst, at 350° and 96 atmospheres benzyl 
alcohol yields toluene and dibenzyl. [Ipatiev, J. Russ. Phys. Chem. Soc., 1908, 40, 489; 
Chem. Centr., 1908 (2), 1098.] 

1835. Anethol, pCHiO-CtH 4 'CH : CH-CH*, to methoxy-propyl-benzene; by 
Ipatiev 1 s method: 95° : 50 atmospheres : nickel catalyst (10 per cent) : in four hours. At 
200° : twenty hours : gives propyl-cyclohexane, water and methane. 

1836. At low and vuxleratc pressures . without solvent, with 10 per cent nickel at 60°- 
80°, p-methoxy-propyl-benzene is produced: rapidly at 15 atmospheres; five times 
slower at atmospheric pressure. [Brochet and Bauer, Bull. Soc. Chim., 1915 (4), 17, 
50; Cf. Compt . rend., 1914, 169, 326 and 190.] 

1837. Hydroquinone at 250° over nickel forms first phenol, then benzene. [Saba- 
tier and Senderens, Ann. Chim. Phys., 1905 (8), 4, 429.] But at 130° the product is 
cyclohexadiol (1, 4) or quinite, cis-form, while at 160° the product is a mixture of the 
cis- and the frans-forms with some phenol and cyclohexanol. [Sabatier and Mailhe, 
Com]*, rend., 1908, 146, 1193.] 

1838. Quinite is also produced when hydroquinone is hydrogenated by Ipatiev’s 
method, with “ nickel oxide ” catalyst at 200°. [Ipatiev, J. Russ. Phys. Chem. Soc., 
1906, 38, 75; Chem. Centr., 1906 (2), 86; Ber., 1907, 40, 1281.] 

1839. Pyrocatechol or pyrocatechin ortho-dioxybenzene, benzene-diol (1, 2) to 
cyclohexadiol (1, 2), (m.p. 75°). Gas phase : 130° : nickel catalyst. [Sabatier and 
Mailhe, Compt. rend., 1908, 146, 1193.] Above 250° phenol is first produced, then ben- 
sene. [Sabatier and Senderens, Ann. Chim. Phys., 1905 (8), 4, 429.] 

1840. Tannins and Related Substances. Passage from the Flavone to the Catechin 

16 French Pat. 618.520, July 6, 1926; Ger. Pat., date Dec. 2, 1925; J.S.C.I. Suppl., Feb. 
17, 1928, 118. 

16 Ger. Pat., 431,479, June 21, 1922, to Fischer; Brit. Chem. Abst., 1926 , 865B. 

14 Brit. Pat. 273,493, July 8. 1920, to Irinyi; Chem. Ahst., 1928, 22 , 1982. 

16 Chem. Age (London). 1927, 17, 152. 

16 J. Chem. Ind. (Russia), 1926, 2 , 228; Chem. Abst ., 1926, 20 , 1064, and 1926, 20 , 2841. 
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Series. Catalytic reduction of quercetin pentamethyl ether (3 : 6 : 7 : 3' : 4'-penta- 
methoxyflavone) in presence of platinum-black affords 11 per cent of dl-epicatechin 
pentamethyl ether. Luteolin tetramethyl ether (5:7:3': 4'-tetramethoxyflavone), 
m.p. 192°, obtained by simultaneous hydrolysis and methylation of luteolin tetra- 
acetate, is hydrogenated under similar conditions, yielding 24 per cent of deoxyepica- 
techin tetramethyl ether (Ibid., 419), identified as the monobromo-derivative, m.p. 155- 
156°. [Preudenberg and Kamm filler, Annalen, 1927, 461, 209; Brit. Chem. Abst., 
1927, 251A.] 

1841. Attempts to isolate intermediate products of hydrogenation of cyanidin chlor- 
ide were unsuccessful. When, however, tetramethyl-luteo-linidin chloride is treated 
with 1 mol. of hydrogen in 96 per cent alcoholic solution in presence of platinum-black 
and a little hydrochloric acid, a- 3 : 4-dimethoxybenzoyl-/3-2'-hydroxy-4' : 6'-dimethoxy- 
phenylethane is obtained. In absolute alcohol, ring-fission does not occur, the final and 
only isolable product being deoxyepicatechin tetramethyl ether (c/. preceding para.). 
2:4: 6-trimethoxybenzaldehyde is reduced by hydrogen and platinum-black to 
methylphloroglucinol trimethyl ether, b.p. 100°-105°/1 mm., m.p. 27°-28°. When a 
nickel catalyst is used, a good yield of 2 : 4 : 6-trimethoxybenzyl alcohol, m.p. 63°, is 
obtained. CFreudenberg and Harder, Annalen, 1927, 461, 213; Brit. Chem. Abst., 1927, 
251J 

1842. Quinone to hydroquinone. Gas phase : 190° C. : nickel catalyst. Quanti- 
tative yield. At 220° to 250° phenol, water and the hydrocarbon are formed. CSaba- 
tier and Mailhe, Campt. rend., 1908, 148, 457.] 

1848. Toluquinone to tolyhydroquinone at 200° C. over nickel. Paraxyloquinone to 


Thymoquinone £/Wd.] to 


CO— CH* 


CHr-C/ SC—CU 

XJH— C XK 


/CH, 

C#HiO^ 


1844. Phenylcrotyl ether, C e H»-0*CHfCH : CH-CH*, to phenyl-n-butyl ether. 
CClaisen and Tietze, Ber., 1926, 69B, 2344.] 

1846. Benzohydrol (diphenyl-carbinol), (CeH»)jCH-OH, to diphenyl-methane. Gas 
phase : 380° C. : nickel catalyst. ^Sabatier and Murat, Ann. Chim., 1915,(9), 4, 
259.] 

1846. Phenyl-p-cresyl carbinol to phenyl-p-cresyl-methane. Gas phase : 350°-380°: 
nickel catalyst. [[Sabatier and Murat, Ann. Chim., 1915 (9), 4, 259.] 

1847. s-Distyrylethylene glycol to a f-diphenylhexatriene. Platinum-black catalyst. 
CKuhn and Winteretein, Helv. Chim. Acta, 1928, 11, 87-151.] 

1848. Triphenyl carbinol to triphenyl-methane. Gas phase : 400° : nickel catalyst. 
^Sabatier and Murat, Ann. Chim., 1915 (9), 4, 258.] 

1849. Hydrogenated diChydrjoxy-diphenylmethane Compounds. Hydrogenated 
pp-dihydroxydiphenylmethane derivatives, of general formula (HO-CJIioMHO-CeH*) 
CRR' and (HO-CeHio)iCRR', in which R and R' are either the same or different aryl 
or alkyl groups, are obtained by the action of hydrogen in the presence of a catalyst on 
condensation products of a ketone with a phenol. Thus pp'-dihydroxydiphenyldi- 
methylmethane 09/3-4 : 4'-dihydroxydiphenylpropane), from acetone and phenol, on 
hydrogenation at 170°-180° and 10-15 atmospheres with a nickel catalyst (5 parts) 
yields 0-p-hydroxy-phenyl-0-4-hydroxycyclohexylpropane, b.p. 213°/0-8 mm. In the 
presence of colloidal palladium at 50° complete saturation yields a mixture of bis-0-4- 
hydroxycyclohexylpropanes, b.p. 102-°106°/12 mm., having an odor of lily of the valley 
and probably consisting of a mixture of cis, cis-lrans, and IransArans isomerides. At 
150°-170° in the presence of nickel bis-[j3-6-hydroxy-m-tolyl] propane similarly yields 
0-6-hydro xy-m-tolyl-/S-4-hydroxy-3-methylcyclo-hexyl-propane, b.p. 218°/0.8 mm., when 
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the reaction is stopped after 6 atoms have been absorbed, and on complete saturation a 
mixture of stereoisomeric 5is-[j3-3-methyl-4-hydroxycyclohexyl[]propanes, b.p. 108°- 
112°/12 mm., having an odor of hyacinths. The condensation product of phenol and 
methyl ethyl ketone similarly yields a mixture of stereoisomeric 5w-[j3-4-hy droxy- 
cyclohexyObutanes, b.p. 120-°125°/14 mm. 17 

1850. Condensation products of phenols with ketones are treated with hydrogen 
under pressure in presence of a catalyst. E.g., the condensation product of a-naphthol 
and acetone gives 4-isopropyl- 1-naphthol. 18 

1851. Dehydrooxybinaphthalene oxide to binaphthol and oxybinaphthalene oxide. 
In ether or in hexahydrotoluol : light excluded : Platinum sponge. [Tummerer and 
Rieche, Bcr., 1926, 59B, 2161.] 

1852. A resinous distillate is obtained from the condensation products of ar-tetra- 
hydro-/3-naphthol and cyclohexanol. Catalytic hydrogenation of the condensation 
products also gives a resin. [[Alberti, Annalcn, 1926, 450, 304.] 

Basic Compounds Including Amino-acids 

1853. Amines of the Hydroaromatic Aliphatic Series. 19 In making amines contain- 
ing hydroaromatic and aliphatic radicles and a hydroxyl group in at least one aliphatic 
radicle, it is laid down that, when compounds containing aldehyde or ketone groups 
are used in the condensation, reduction is necessary to obtain the corresponding hydroxyl 
group. Thus the reaction product of cyclohexanone and ethanolamine is reduced with 
hydrogen in presence of a nickel catalyst. Similar substances are produced by the 
action of hydroxyaldehydes and hydroxyketones, such as aldol or sugars, on hydro- 
aromatic amines, followed by hydrogenation. 

1854. Monomethylenearyl amines (or polymerization products) to monomethylaryl- 
a mines. Palladized carbon : alcoholic solution : room temperature. [[Merck Chem. 
Fabr., assignees of Maeder and Krauss, Gcr. Pat. 437,975, 1924.] 

1855. Phenacylalkylamine (salts) to carbinols. Ten per cent nickel on pumice or 
asbestos. Phenacylmethylamine (hydrobromide) gives 0-methylamino-a-phenyl-ethyl 
alcohol. 0-amino-or-phenylethyl alcohol and 0-methylamino-cr-pheny 1-propyl alcohol 
are similarly obtained. 20 

1858. Methyl £3, 4, 5-trimethoxybenzylidene[] amine to the benzylamine. Colloidal 
palladium catalyst. Sonn (with others), Ber., 1925, 58B, 1103. 

1857. Secondary Amines from Cyclic Ketones and Amino Alcohols. Cyclohexyldi- 
(0-hydroxy ethyl) amine is obtained by hydrogenation of a mixture of cyclohexanone 
and alcoholic /3-aminoethyl alcohol with nickel at 130°-140° C. and 35 atmospheres 
hydrogen pressure. Similar products are obtained from homologous cyclic ketones and 
aminoalcohols (other methods are described). The products are insecticides and germi- 
cides and their acyl derivatives are plasticizers. 21 

1858. Cinnamalcyclohexylamine catalytically reduced gives 3-phenylpropylcyclo- 
hexylamine. 

1859. l-Ethylimino-2-benzalpropionic acid gives 3-phenyl- 1-A-ethylaminobutyric 
acid. 

1860. Cinnamalethylamine gives phenylpropyl ethylamine. 

1861. 3-phenyl-l-A-cyclohexylaminobutyric acid gives 3-cyclohexyl- l-A r -cyclohexyl- 
aminobutyric acid. 

17 Brit. Pat. 252,594, Nov. 9, 1925, to Chem. Fabr. auf Akticn (vorm. E. Schoring) and 
H. Jordan. Cf. para. 2150 . These hydrogenations aro nuclear. Brit. Chem. Ahat ., 1926, 
720B. Cf. Brit. Pat. (application) 309,865, Apr. 16, 1928 to same. 

18 Can. Pat. 281,114, Juno 19, 1928, to Jordan, Schoeller and Clerc, assigned to Chem . 
Fabr. auf Akticn (vorm. E. Schering). 

19 Brit. Pat. 297,484, May 23, 1927, to Johnson (from I. G. Farbenind. A.-G.). 

80 Brit. Pat. 280.574, Nov. 10, 1927, to Merck; Brit. Chem. Abst., 1929 , 149B. 

11 Brit. Pat. 297,484, May 23, 1927, to Johnson as agent of I. G. Farbenind. A.-G. 
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1862. l-Amylimino-2-benzalpropionic acid gives 3-phenyl- l-A^-amylaminobutyric 
acid. 

1863. l-Ethylimin(>-2-ani8alpropionic acid gives 3-anisyl-l-.V-ethylaminobutyric 
acid. 

1864. l-Amylimino-2-piperonalpropionic acid gives 3-pi peronyl-l-A r -amy lamina- 
butyric acid. 

1866. Amylimino-2-cinnamalpropionic acid gives first 5-phenyl-l-iV-amylaminopen- 
tenecarboxylic acid and, on further reduction, the pentanecarboxylic acid. LSkita and 
Wulff, Ann., 1927, 466, 17; Chem. Abst., 1927, 21, 2882.] 

1866. Malachite green to leuco-malachite green. In solution : nickel catalyst. 
CBrochet, Compt. rend., 1915, 160, 306.] 

1867. Methylstyryl carbamate to methyl beta-phenyl-ethylcarbamate. Nickel 
catalyst (aluminum is inactive). CRinkes, Rec. trav. chim., 1927, 46, 268.] 

1868. Syntheses of Amino-Acids.” The condensation product, of benzylidenecyclo- 
hexylamine and pyruvic acid is hydrogenated, in presence of colloidal platinum, to a 
cyclohexylaminophenylpropanecarboxylic acid, Ci*H«OiN. Similarly, isobutylidene- 
cyclohexylamine, gives with pyruvic acid an unstable compound, which is hydrogenated 
to a cyclohexylaminoheptanecarboxyiic acid. Ethylidenecyclohexylamine and pyruvic 
acid, however, in dry ethereal solution yield acetaldehyde and the extremely unstable, 
yellow, amorphous a-cyclohexyliminopropionic acid, which is readily hydrogenated to 
a-cyclohexylaminopropionic acid. A second, less unstable, condensation product, 
Of-cyclohexylamino-a-hydroxypropionic acid, prepared from cyclohexylamine or a-pro- 
pylidenecyclohexylamine, and pyruvic acid in ethereal solution, yields the same cyclo- 
hexyialanine on reduction. The constitution of the latter is confirmed by synthesis 
from cyclohexylamine and a-bromopropionic acid, and also by conversion into 
cyclohexylethylamine. Contrary to the statements of Knoop and O ester lin, faintly acid 
aqueous-alcoholic solutions containing ethylamine and pyruvic or glyoxylic acid are 
hydrogenated, in presence of colloidal platinum, to a-ethylaminopropionic acid, and 
ethylaminoacetic acid, respectively. In this reaction, the ethylamine may be replaced 
by aldehyde-ammonia, which is reduced to ethylamine under these conditions, or by 
ethylidene-ethylamine. Under analogous conditions, alanine (30 per cent) is obtained 
from a solution containing ammonia and pyruvic acid. A new synthesis of 0-amino- 
acids is afforded by the observation that, unlike the parent substance, the acetyl and 
AT-alkyl derivatives of ethyl 0-iminobutyrate are readily hydrogenated. Accordingly, 
the following derivatives of ethyl butyrate: 0 -ace timido-; 0 -eyclohexylimino-; 0 -ethyli- 
mino-; 0 -isoamylimino-; and 0 -phenylimino-, were reduced to the ethyl esters, respec- 
tively, of 0 -acetamido-, 0 -cyclohexylamino-, 0 -ethylamino-; 0 -isoamylamino-, and 
0 -anilino- butyric acids.” 

1869. Benzoylaminocinnamic acid to benzoyl-phenylalanine. Platinum-black cata- 
lyst; 25 per cent : slight plus pressure of hydrogen : eight days. £Waser, Helv. Chim . 
Acta , 1925, 8 , 117.] 

1870. Vanillidene hippuric acid hydrogenated in absolute alcohol, at room tempera- 
ture and at 70°, with platinum-black catalyst gave only 10 per cent of an ethylbenzoic 
acid. CWaser, Helv. Chim. Acta, 1925, 8, 117.] 

1871. Methyl-3-methyl-4-benzylidenehydantoin-l-acetate (2 isomers) to methyl-3- 
methyl-4-benzylhydantoin-l -acetate. Palladium catalyst. CHahn and Evans, J. Am. 
Chem. Soc ., 1928. 60, 806.] 

1872. Peptides. a-Acetamidocinnamoyl-d-glutamic acid yields a mixture of n-acetyl- 
J-phenylalanyl-d-glutamic acid and n-acetyl-d-phenylalanyl-d-glutamic acid. Palladium 
black catalyst. CBergmann, Sterne and Witte, Annalen , 1926, 449, 277-302.] 

1873. Arginine Dipeptides: Syntheses.” 2-AcetaminocinnamoyW-arginine, hydro- 
genated with palladium, gives N-acetylphenyl-alanyl-d-arginine. 

” Skita and Wulff, Ann., 1927, 463 , 190. 

” Brit. Chem. Abst., 1928 , 559A. 

” Bergmann and Koster, Z. Physiol. Chem., 1927, 167 , 91; Chem. Abst ^ 1927, 21 , 2876. 
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1874. Carbimides: Oxdiazines. Catalytic reduction of 2-methylimino-4-keto-3 : 5- 
dimethyl-6-ethylidene-l : 3 : 5-oxdiazine yields 2-methylimino-4-keto-3 : 5-dimethyl-6- 
ethyl-1 : 3 : 5-oxdiazine. CSlotta and Tschesche, Ber., 1927, 60B, 1011.] 

1875. Aromatic Bases : Non-catalytic Hydrogenation.* 5 Isocyclic or heterocyclic 
aromatic bases are hydrogenated by treatment with alkali metals or alkaline-earth 
metals and alcohols in presence of an indifferent solvent. [J.S.C.I., 1918, 37, 487A.3 


Acids 

1876. Carboxylic acids to aldehydes. Vapor phase: activated hydrogenation cata- 
lyst: gas containing carbon monoxide : 200°-250° C. Examples: Benzoic acid to ben- 
zaldehyde, iron catalyst, or catalyst made by reducing intimate mixture of chromium 
and iron oxides, or containing cerium, chromium and iron. For producing acetaldehyde 
a cobalt-iron catalyst may be used.* 6 

1877. Cinnamic Acid. Formic acid, in the presence of spongy or colloidal palladium, 
decomposes w ith the evolution of hydrogen, this nascent hydrogen converts cinnamic 
to phenyl-acetic acid.* 7 

1878. In solution in twice its weight of amyl alcohol, in presence of 10 per cent of 
nickel, at 100° and 15 atmospheres pressure, cinnamic acid is completely changed to 
phenylpropionic acid in forty-five minutes. Sodium cinnamate, dissolved in four parts 
of water, can be hydrogenated this way in the cold. CBrochet and Bauer, Bull. Soc. 
Chim., 1915 (4), 17, 50, and Compt. rend ., 1914, 159, 190.3 

1879. But by Ipatiev's method, using his nickel catalyst at 300° under 100 atmos- 
pheres, sodium cinnamate gives sodium cyclohexyl-propionate. Ppatiev, J. Russ. 
Phys. Chem. Soc., 1909, 41, 1414.3 Under the same conditions, but with the copper 
catalyst, the aromatic nucleus is not hydrogenated and the product is the phenylpro- 
pionate. Op&tiev, foe. cit. 3 

1880. With ruthenium-black catalyst 0.05 g. to 0.5 g. cinnamic acid in 2 cc. glacial 
acetic acid, phenylpropionic acid is formed in eight hours. Rhodium-black is more 
active and in the conditions just described converts cinnamic acid into phenylpropionic 
acid in three hours. CMadinaveitia, Snc. Es/hih. FIs. Quim ., 1913, 11, 328.3 

1881. Methyl cinnamate to methyl phenylpropionate. Solution in methanol : 15 
atmospheres : room temperature : nickel catalyst : three hours. [Brocher and Bauer, 
Bull. Soc. Chim., 1915 (4), 17, .50 and Compt. rend., 1914, 159, 190.3 

1882. Ethyl cinnamate to ethyl-phenyl-propionate. 50 per cent solution in ethyl 
alcohol : 70° : nickel catalyst : 7 hours. CBrochet and Cabaret, Compt. rcnd. 9 
1914, 159, 326.3 On the analogy of methyl cinnamate, the reaction should be much 
accelerated at 15 atmospheres pressure. At atmospheric pressure it is very slow. 

1882 A. Ethyl 0-7>-tolyl-cinnamate to ethyl /3-phenyl-0-/>-tolylpropionate. Nickel 
catalyst: autoclave. £v. Braun, Manz and Rcinsch, Ann., 1929, 468, 277.3 

1883. Phenyl-isocrotonic acid (ethyl ester) to ethyl-phenyl-butyric acid (ethyl 
ester). C.as phase : 180° : nickel catalyst. CDarzcns, Compt. rend., 1907, 144, 328.3 

1884. Pi perony 1-acrylic acid to piperonyl-propionic acid. Liquid phase : room tem- 
perature : nickel catalyst : 15 atmospheres. CBrochet and Bauer, Bull. Soc. Chim., 
1915 (4), 17, 50.3 

1885. 7-p-Tolyl-A^-pentenoic acid to 7-^-tolyl- valeric acid. Nickel catalyst. URupe 
and Schutz, 7/efi*. Chim. Acta , 1926, 9, 992.3 

1886. a-Oxy-0-diphenylene-acrylic acid methyl ester to ar-oxy-/3-diphenylene-pro- 
pionic acid methyl ester. Absolute ethanol solution: Adams’ platinum-black catalyst: 
1.588 g. ester to 45 mg. platinum oxide. CKuhn and Levy, Bcr ., 1928, 61B, 2244. 3 

“Ger. Pat. 305,347, Oct. 5, 1915, to the Bayer Co. 

u Brit. Pat., 267,925, to I. G. Farbenind. A.-G. k convention date March 19, 1926. 

17 Verein. Chininfabr., Zimmer & Co., Ger. Pat. 267,306, 1914, Chem. Centr., 1915 (1) 88. 
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1887. d-Pimaric Acid: Hydrogenation of Two Double Bonds. Although physical 
constants of d-pimaric acid (a resin acid C»H x,0*) had led to the conclusion that it pos- 
sessed two double linkages, no tetrahydro derivatives had resulted from the application 
of the usual reducing methods. It was therefore held that one of these double bonds 
was more resistant to saturation than the other. 

1888. Ruzicka, Huyser and Seidel 18 have recently succeeded in preparing tetrahydro 
derivatives by catalytic hydrogenation: 

1. d-Pimaric acid 5 g., without solvent, was hydrogenated in a rotating autoclave, 
under a hydrogen pressure of 42-48 atmospheres, for three days. The product was a 
stereo isomeric mixture of dihydro isomerides, m.p. 200°-203° C. 



Time in hours. 


Fio. 25c. — See also Fig. 256, Page 183. 

Reduction of 0.1 mole of furfural (Cf. Chap. XXVII, page 282) 0.244 g. of catalyst, 
l cc. of M / 10 ferrous sulfate. 


The catalyst becomes active and tho absorption of hydrogen becomes rapid much more 
quickly in the higher temperature than in the lower temperature reductions. PtOjHnO is 
brown and the active catalyst is black, so the change in color from brown to black is an indi- 
cation of the formation of the active catalyst. The platinum black which ha** l>een used as a 
catalyst for the reduction of furfural is not a catalyst for the reduction of furyl alcohol, and 
the only way it can bo made to add more hydrogen to the latter compound is to change its 
surface by activation. Pierce and Parks. (J. Am. Chem. Soc. 1929, 51, 3384.) 

2. d-Pimaric acid 2.5 g., in ethyl acetate solution, hydrogenated, with Adams' 
platinum oxide catalyst 0.2 g., gave also a mixture of dihydro acids, m.p. 238°-239 C. 
the fraction with the lowest melting point melted at 228°-229° C. 

3. d-Pimaric acid 3 g. in acetic acid with 1.0 g. of the Adams’ catalyst, hydrogenated 
for fifteen hours at 50° C. gave a mixture of tetrahydro acids, C»II*40i. One of these 
acids, purified, had m.p. 238°-239° C. 

n Rec. trav. chim. t 1928, 47, 363. 


ACIDS 


211 


1889. The evidence that this was due to an addition of hydrogen at two bonds is: 
(1) the elementary composition; (2) the measurement of the hydrogen absorbed; (3) the 
crystallographic unity of the purified acid m.p. 238°-239° C., which was different in 
optical characteristics from the acid m.p. 238 0 -239° C. obtained in Exp. 2; (4) d-Pimaric 
acid is resistant to even strong acids; therefore the tetrahydro derivatives did not result 
from an opening of a ring by action of the acid used. 

1890. The existence of two double bonds is confirmed by the action of perbenzoic 
acid: d-pimaric acid takes up 1 atom of oxygen quickly and a second atom slowly: the 
dihydro acid takes up 1 oxygen atom, the tetrahydro acid none. 

1891. a- Benzoxy 1-0-ben zal propionic acid (acetate) to a-benzoxyl-7-phenyl-butyric 
acid (acetate). Alcohol solution: palladinized barium sulphate catalyst. CStoermer 
and Schenck, Ber., 1928, 61B, 2319.] 

189 1A. Desylidene cyanoacetic acid (ethyl and methyl esters) to a-cyano-0-benzoyl- 
0-phenylpropionic acid (esters). Alcohol solution: palladized barium sulphate catalyst. 
CBacMr, J. pr. Chem., 1929, (ii] v 120, 301.] 

1891B. Lactone of 6-hydroxy-06-diphenyl-A 7 -pentenoic acid in acetone solution in 
presence of palladized charcoal takes up 2 mols of hydrogen yielding 05-diphenyl -n- 
valeric acid. CMannich and Butz, Ber., 1929, 62B, 461.] 

1892. Dicarboxylic acids to aldehydes. Vapor phase, 250°-400° C. : iron, chro- 
mium, copper, manganese, cobalt (metals or oxides) : hydrogen or carbon monoxide as 
reducing gas. Examples: phthalic anhydride to benzaldehyde; succinic anhydride to 
propylaldehyde; the succinic anhydride may be obtained by prior hydrogenation of 
maleic anhydride at 180° C.** 

1893. Polybasic Alpha-hydroxy and Keto Acids, with nickel oxide — alumina cata- 
lysts, by Ipatiev’s method, condensation, reduction and decomposition. Qpatiev and 
Razuvaed, Ber., 60B, 1927, 1971, 1980; Chem. Abst., 1928, 22, 386.] 

1894. Benzoylphenylcyclopropane carboxylic acid (sodium salt) hydrogenated in 
presence of palladinized barium sulphate undergoes a ring-splitting, yielding the sodium 
salt of a-phenacylhydrocinnamic acid. CStoerraer and Schenck, Bcr., 1928, 61B, 2318.] 

1895. Ethyl cinnamoyl pyruvate to ethyl 0-phenylpropionylpyruvate. CBorsche 
and Peter, Ann., 1927, 453, 148.] 

1896. Mandelic Acids: hydrogenation.* 0 When benzyl benzoate is reduced in boil- 
ing xylene solution by hydrogen and palladium, toluene and benzoic acid are produced. 
The esters of other alcohols do not similarly give the corresponding hydrocarbon, at least 
only those which can be regarded as substituted benzyl alcohols in containing an or-phenyl 
group. Acetylmandelic acid, i.e., a-carboxybenzyl acetate, is similarly smoothly reduced 
to acetic acid and phenylacetic acid (yield 20 per cent in boiling xylene, 60 per cent in 
boiling tetralin). p-M ethoxy- and o-chloro-phenylacetic acids are likewise obtained 
from the acetates of the corresponding mandelic acids. The diacetyl derivative of 
o-hydroxymandelic acid gives directly o-hydroxyphenylacetic acid, the o-acetyl group 
being simultaneously removed, in the form af acetaldehyde. The method affords a 
ready means of obtaining substituted phenylacetic acids.* 1 

* Brit. Pat. 290.319, Jan. 1, 1927. to Johnson, from the I. G.; Brit. Chem. Abat., 1928 , 
615B. 

*° Rosenmund and Schindler, Arch. Pharm., 1928. 266 , 281. 

11 Bril. Chem. Abat., 1928 , 1005A. 
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NON-NUCLEAR HYDROGENATION OF CARBOCYCLIC COMPOUNDS 

Aldehydes 

1900. Catalytic Reduction of Aromatic Aldehydes. Hydrogenation of benzalde- 
hydc, anisaldehyde, and o-chlorobenzaldehyde in glacial acetic acid solution in the pres- 
ence of palladized barium sulphate with one molecular proportion of hydrogen yields a 
mixture of approximately equal parts of unchanged aldehyde, corresponding alcohol, 
and hydrocarbon, since aldehyde and alcohol are reduced at nearly equal rates. Addi- 
tion of quinoline diminishes the velocity of the second action to such an extent that the 
alcohols can be obtained in 62 to 75 per cent yield. In the cases of piperonal and vanillin, 
the rates of the two reactions are sufficiently different to allow the preparation of either 
alcohol or hydrocarbon by the use of one or two molecular proportions of hydrogen; 
addition of quinoline is unnecessary. CRosenmund and Jordan, Ber., 1925, 58B, 160; 
J. Chem. Soc. 9 1925, A bat., i, 257.] 

1901. Hydrogenation of Aldehydes and Ketones in Presence of Platinum-black. 

Faillebin 1 extended his studies of the hydrogenations of aldehydes, etc., with pure 
platinum-black and with the same catalyst plus iron, aluminum or silica (c/. para. 1645) 
to aromatic compounds. The differential effect is most marked in the case of ketones. 
For details the original article should be consulted. 

1902. Benzaldehyde to benzyl alcohol with Voorhees and Adams' platinum-oxide 
catalyst. Benzaldehyde 21.2 g., ethyl alcohol (95 per cent strength) 50 cc., platinum 
oxide catalyst 0.1725 g., 0.2 M ferrous chloride solution 0.5 cc. : 3 atmospheres total 
pressure : twenty-five minutes for total conversion. With less solvent the reaction is 
slower; with 100 cc. it goes a little quicker. Other solvents tried gave different reaction 
velocities in the following order : acetone, glacial acetic acid, ethyl acetate, petroleum 
ether, absolute ethyl ether, pyridine, benzene. This is the decreasing order of velocities. 
With methyl alcohol there is formation of acetal (dimethyl acetal of benzaldehyde), 
except when the solvent has been distilled over sodium. It is necessary to keep the 
hydrogen-ion concentration as low as possible, to prevent acetal formation. Free alkali 
causes precipitation of iron hydroxide. With absolute ethyl alcohol as solvent the hydro- 
genation goes further, with a slow formation of toluene. 

1903. Benzaldehyde to benzyl alcohol. Liquid phase: colloidal palladium catalyst. 
Hydrogenation is difficult and incomplete. CSkita and Ritter, 1910, Ber., 43 f 3393.] 
With colloidal platinum, in addition to benzyl alcohol, toluene and methyl-cyclohexane 
are formed. [Skita, Ber., 1915, 48, I486.] With platinum-black in alcohol solution 
the yield of benzyl alcohol is almost quantitative. With 10 g. of platinum-black a gram 
molecule of benzaldehyde can be hydrogenated in a few hours. CVavon, Compt. rend., 
1912, 154, 359.] See graphs by Carothers and Adams; Figure 25a, page 172. 

1904. Benzaldehyde to benzyl alcohol. Liquid phase: 130°-170° C., 25 atmos- 
pheres hydrogen pressure : catalyst composed of mixed carbonates of nickel, cobalt 
and copper in atomic proportions [>ic], 60 : 30 : 10. At 210°-220° C. cyclohexyl- 
methylcarbinol is obtained in good yield without formation of benzhydrol.* 

1 Ann. CAtm., 1925, 4 (X), 410; Brit. Chem. Abat. t 1926, 50A. 

1 Ger. Pat. 444,665, Jan. 19, 1919, to Riedel, addition to 369,374. 
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1906. Catalytic hydrogenation of products other than fatty compounds is effected 
with the aid of a non-precious catalyzing metal, such as nickel, with or without a sup- 
port, by causing hydrogen to react by frequently renewing the surfaces between the 
gas and the catalyzing metal (in the form of an impalpable powder impregnated with 
the material to be hydrogenated), while maintaining the mixture at a moderate tem- 
perature and under a moderate pressure. The substance to be treated may be a liquid, 
a molten solid, a solution, or a suspension. The process is applicable to the production 
of benzyl alcohol from benzaldehyde; methylphenyl carbinol from acetophenone; 
p-phenylenediamine and p-aminophenol from p-nitroaniline and p-nitrophenol, respec- 
tively; cyclohexanol from phenol, and the production of reduction products of nitrosated 
and nitro compounds generally. [CTiem. Abst., 9, 355 (1915). Cf. Chem. Abst ., 8, 
2780.3* 

1906. Benzaldehyde to various hydrocarbons. Gas phase : nickel catalyst : 210° to 
235° gives: toluene and benzene: 

CtHft'GOH + 2H, - CtHs'CHs + H,0. 

At the same time the aldehyde is partly decomposed with benzene and carbon monoxide: 

C'H ft 'OOH = CO + C«H e . 

The carbon is partially reduced to methane. Other side reactions produce a certain 
amount of methylcyclohexane and cyclohexane. CSabatier and Senderens, Com pi. rend., 
1903, 137, 301J 

1907. Benzaldehyde vapor passed over thoria at 420°, with excess of methanol vapor 
yields toluene. CSabatier and Murat, Compt. rend., 1913, 167, 1499; Bull. Soc. Chim ., 
1914 (4), 16, 2273. 

1908. By Ipatiev’s method, with an iron catalyst, at 280° and ±. 100 atmospheres, 
benzaldehyde gives a mixture of toluene and dibenzyl. [Tpatiev, J. Russ. Phys. Chem. 
Soc., 1908, 40, 489; Chem. Cenir., 1908 (2), 1098.3 By the same method, with a “ nickel 
oxide ” catalyst, benzaldehyde at 200° gives toluene and methyl-cyclohexane; at 280°, 
toluene, dibenzyl and resinous products. Clpatiev, Ber., 1908, 993-1001 ; J. Russ. Phys. 
Chem. Soc., 1906, 38, 75 Chem. Centr., 1906 (2), 86 ; 3 

1909. Benzaldehyde-halogen derivatives. With Voorhees and Adams platinum 
oxide catalyst. For general directions see under Benzaldehyde. 

p-Chlorobenzaldehyde to p-chlorobenzyl alcohol. 

p-Bromobenzaldehyde to p-brombenzyl alcohol. 

o-Chlorobenzaldehyde to o-chlorobenzyl alcohol. 

The solvent in each case is 95 per cent ethyl alcohol. No acetal is formed and no con- 
siderable amount of free halogen acid. 

1910. Cinnamic aldehyde, dissolved in 20 parts of alcohol, is converted into phenyl- 
propionic aldehyde by Paal’s method (colloidal palladium catalyst). £Paal and Gerum, 
Ber., 1908, 41, 2273 and 2277. 3 The same result is obtained with colloidal platinum. 
CSkita, Ber., 1915, 48, 1685-3 

1911. On the other hand, with platinum-black (method of Willstatter), the product 
is phenylpropyl alcohol. CVavon, Compt. rerul., 1912, 164, 359-3 

1912. Cinnamic aldehyde hydrogenated with the Voorhees-Adams’ platinum oxide 
catalyst, cannot be completely reduced unless the catalyst is frequently reactivated by 
aeration. If an appropriate amount of iron salt is present and the operation is stopped 
when 1 molecular equivalent of hydrogen has been absorbed, the product is almost 
pure cinnamyl alcohol. With certain proportions of zinc and iron salts the reduction 
goes to phenylpropyl alcohol without the necessity for aeration. With other propor- 
tions (see below) of zinc and iron salts the hydrogenation automatically stops at the 

* Brit. Pat. to Brochet, 16,936, July 23, 1913. See also Brochet, Brit. Pat. 22,523, 1913, 
addition to 16,936, 1913. 
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cinnamyl alcohol stage. Various experimental conditions were investigated and are 
tabulated in the original paper. The optimum conditions seem to be: 0-1 mole of alde- 
hyde; 100 cc. ethyl alcohol (95 per cent); 0.2 g. catalyst; 0.2 millimole ferrous chloride; 
0.03 millimole zinc acetate : pressure, 2 to 3 atmospheres. [Tuley, with Adams, J. Am. 
Chem. Soc., 1925, 47, 3061 J 

1918. Phenylacetaldehyde to phenylethyl alcohol. Liquid phase : 1 to 5 atmos- 
pheres pressure : colloidal palladium catalyst. [Skita and Ritter, Ber., 1910, 43, 3393 J 
With colloidal palladium catalyst phenylacetaldehyde is also hydrogenated to phenyl- 
ethyl alcohol, accompanied by some ethylbenzene, cyclohexanol, cyclohexanone and 
cyclohexane. [Skita, Ber., 1915, 48, 1486.3 

1914. Anisaldehyde to anisyl alcohol with Voorheee-Adams’ platinum oxide catalyst. 
As with salicyl aldehyde, which see. 

1916. Anisaldehyde to anisyl alcohol. Ether, ethyl acetate, ethanol or methanol solu- 
tion : platinum-black catalyst at 70°. Polymerization occurs at 97°. [Vavon, Compt. 
rend., 1912, 164, 359 (1912)3. 

1916. Vanillin to vanillyl alcohol, with Voorhees-Adams* platinum oxide catalyst. 
See under Benzaldehyde; use 160 cc. absolute alcohol, to which add 0.36 millemole of 
sodium ethylate before adding ferrous chloride. 

1917. Vanillin to vanillyl alcohol. Liquid phase much more rapid in alcohol than 
in ether solution : platinum-black catalyst. [Vavon, Compt. rend ., 1912, 164, 359.3 

1918. Methyl-vanillin to methyl-vanillyl alcohol. Liquid phase : platinum-black 
catalyst. [Vavon, Compt. rend., 1912, 164, 359.3 This reduction does not take place 
in ether but is rapid in methanol solution. 

1919. Ethyl-vanillin to ethyl-vanillyl alcohol. Ethyl acetate solution : platinum- 
black catalyst. [Vavon, Compt. rend., 1912, 164, 359.3 

1920. Acetyl-vanillin with platinum-black in ether (Willstatter’s method) yields the 
alcohol. [Vavon, Compt. rend., 1912, 164, 359.3 

1921. Salicyl aldehyde to saligenin with Voorhees and Adams’ platinum oxide cata- 
lyst; 95 per cent ethyl alcohol as solvent (see under Benzaldehyde). Before filtering off 
the platinum add 0.4 cc. N aqueous sodium hydroxide to prevent polymerization. 

1922. Methyl-salicylic aldehyde to methyl-ealigenin. Liquid phase : platinum-black 
catalyst. [Vavon, Compt. rend., 1912, 164, 359-3 

1923. Benzoyl vanillin to the alcohol. Alcohol or ether solution : platinum-black 
catalyst. [Vavon, Compt. rend., 1912, 164, 359.3 

1924. Benzoyl-salicylic aldehyde to saligenin. Liquid phase : platinum-black cata- 
lyst. [Vavon, Compt. rend., 1912, 164, 359.3 

1926. Ethyl 4-anisylhydantoin-N-l -propionates (2 isomers) were obtained by hydro- 
genation of ethyl 4-anisal-hydantoin-N-l -propionate. Alcoholic solution : colloidal pal- 
ladium catalyst : ten hours shaking with hydrogen. [Hahn and Gilman, J. Am. Chem. 
Soc., 1925, 47, 2948.3 

1926. 77 -Dimethoxy-ary-dianisylpropylene on reduction with hydrogen and a palla- 
dium catalyst gives 77 -dimethoxy-cry-di-p-anisyl-propane (dimethyl-acetal of anisyl-0- 
anisylethyl ketone). [Straus and Heyn, Ann., 1925, 446, 92.3 

1927. $-Benzoyl-7-phenyl-0/3-dimethylbutylaldehyde to «-hydroxy-7«-diphenyl-00- 
dimethyl valeraldehyde. Platinum-black catalyst. 

1928. 2-Methoxy-4 : 6-diphenyl-3 : 3-dimethyl-3 : 4-dihydro-l : 2-pyran to 2-meth- 
oxy-4 : 6-diphenyl-3 : 3-dimethyltetrahydropyran. [Meerwein, et al., J. pr. Chem., 
1927, 116 (ii), 229.3 

1929. Polyhydroxybenzyl Alcohols from Aldehydes. 4 The catalytic reduction of the 
CO group was found to differ. The catalyst was palladium on barium sulphate. Proto- 
catechualdehyde readily took up 2 molecules of hydrogen and gave homopyrocatechol. 
Dicarbomethoxyprotocatechualdehyde yields the alcohol, while dicarbethoxyprotocate- 
chualdehyde was unaffected. 


4 Roaenmund and Boehm, Arch. Pharm., 1927, 264, 448; Chem. Abet., 1927, 21, 2886. 
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1930. Gallic aldehyde absorbs slowly 1 molecule of hydrogen forming pyrogallol; 
tricarbomethoxygallic aldehyde rapidly took up 1 molecule of hydrogen. Tricarbeth- 
oxygallic aldehyde also hydrogenated rapidly to the alcohol, but dicarbomethoxygallic 
aldehyde was unaffected. 1 

1931. Decomposition of complex aldehydes in contact with nickel above 200° C. 
[Maiihe, Bull. Soc. Chim., 1926, 39, 922; Chem. Abet.., 1927, 21, 576.] 

1932. Formation of Ethers from Acetals. Hydrogenation of benzaldehydediethyl- 
acetal at 180° by the Sabatier and Senderens process yields benzyl ethyl ether (45 per 
cent). From phenylacetaldehydedimethylacetal there is produced methyl /3-phenylethyl 
ether (50 per cent). 

1933. Similarly, heptaldehydediethylacetal yields ethyl heptyl ether (61 per cent); 
heptaldehydedi-n-propylacetal, affords n-propyl heptyl ether (64 per cent); heptalde- 
hydediisobutylacetal gives isobutyl heptyl ether (64 percent); phenylacetaldehydedi-n- 
propylacetal furnishes 0-phenylethyl n-propyl ether (80 per cent), and cinnamal- 
dehydediethylacetal yields ethyl y-phenylpropyl ether. 1 [Sigmund and M archart, 
Monatsh., 1927, 48, 267.] 

1934. Hydrogenation of phenylacetaldehyde diethylacetal with platinum-black in 
anhydrous acetic acid yields, however, hexahydrophenylacetaldehyde diethylacetal and 
unreduced acetal, together with small quantities of liquids, b.p. 195°-202° (chiefly 
hexahydrophenylethyl ethyl ether) and b.p. 202-210° (probably a mixture of the latter 
ether and reduced acetal). Phenylacetaldehyde dimethylacetal under similar conditions 
gives an 81 per cent yield of hexahydrophenylacetaldehyde dimethylacetal, and a small 
quantity of a fraction of b.p. 194°-197° (probably a mixture of hexahydrophenylethyl 
methyl ether and the reduced acetal). 7 [Sigmund, Monatih ., 1928, 49, 271.] 


Ketones 

1936. Carbonyl Group in Aromatic Compounds: Copper Catalyst under High Pres- 
sure. Aromatic ketones in these conditions give alcohols. Benzil at 100° and 76-92 
atmospheres gives benzoin, hydrobenzoin and isohydrobenzoin. Benzoyl acetone at 
83° gives 0-hydroxy-0-phenylethyl methyl ketone and phenyl-0-hvdroxy-n-propyl 
ketone; at 105° it gives a-phenyl-n-butane-a 7 -diol. Phthalic anhydride gives hydro- 
phthalyl-lactonic acid (benzyl-phthalide-o-carboxylic acid) and dihydroxyphthalan. 
[Kubota and Hayashi, Sci. Papers Inst. Phys. Chem. Res., 1926, 6, 1-6]. 

1936. The following 70 is from a different account of the same work. The results of 
Sabatier and his collaborators show that, under ordinary pressure, copper is a suitable 
catalyst for the dehydrogenation of the carbinol group, rather than for the hydro- 
genation of the carbonyl group. It was therefore expected that the reverse would be 
true under high pressure. This has been confirmed by Kubota and Hayashi, who, as 
indicated in para. 1935, heated various mono- and di-ketones, mixed with copper 
powder, in an autoclave. The pressure employed was 60-90 atmospheres. Acetophenone 
at 140° yielded phenylmethylcarbinol, and at 160° ethylbenzene. Benzophenone at 120° 
gave diphenylcarbinol and diphenylmethane, at 190° diphenylmethane and tetraphenyle- 
thane. Camphor at 120°- 150° gave bomeol and isobomeol. From benzil at 100°, 
benzoin (43 per cent), hydrobenzoin, and isohydrobenzoin were formed, while at 130° 
hydrobenzoin (74 per cent) and isohydrobenzoin (14 per cent) were the chief products. 
Benzoylacetone at 83° yielded, besides much unchanged starting material, 30 per cent 
of methyl 0-hydroxy-0-phenylethyl ketone. 

CHC.H*(OH) • CH, • COCH,. 

1 C/. full abstract in Brit. Chem. Abst., 1927, 1130A. 

•Brit. Chem. Abst., 1927, 1054A. 

7 Brit. Chem. Abst., 1928, 1009A. 

7° Cl. Brit. Chem. Abst., 1926, 520A. 
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At 105°, benzoylacetone was reduced mainly to 7-phenyl-ar-methyl trimethylene glycol. 
Phthalic anhydride at 120° formed 70 per cent of o-carboxybenzylphthalide, together 
with 12 per cent of dihydroxyphthalan, 



1937. Hydrogenation of Ketones with Pure and Impure Platinum-blacks. Faille- 

bin* describes and discusses fully the effect of impurities such as iron, alumina, and 
silica. The effect is qualitative as well as quantitative. In this connection the earlier 
observations of Carothere and Adams 9 should be noted. 

1938. Acetophenone to ethyl benzene: above 250°, with nickel of only moderate 
activity. With active nickel at 180° the aromatic nucleus is hydrogenated, yielding 
ethyl-cyclohexane. But with partially inactivated nickel or at 300° C. this complication 
is avoided. [Darzens, Compt. rend., 1904, 139, 868. ] 

1939. Acetophenone to ethylbenzene. Gas phase : 420° : thoria catalyst; with 
excess of methanol vapor. [Sabatier and Murat, Compt. rend., 1913, 167, 1499; Bull. 
Soc. Chim., 1914 (4), 15, 227.] Acetophenone to ethylbenzene : 300°; with nickel or 
thoria; with vapors of formic acid. [Mailhe and de Godon, Bull. Soc . Chim., 1917 (4), 

21, 61J 

1940. Ketones: Hydrogenation by Formic Add. 10 The vapors of formic add passed 
over catalysts (e.g., platinum, copper, nickel, cadmium, stannous oxide, zinc oxide) at 
200°-400° C., with the vapor of organic substances, exerts on these latter a reducing 
action due to its decomposition with liberation of hydrogen. 11 Aromatic ketones are 
smoothly reduced to the hydrocarbons: aliphatic ketones usually give the corresponding 
secondary alcohol, but acetone condenses to mesityl oxide and phorone. For the produc- 
tion of diphenyl-urea derivatives, the vapor of the RNH* is passed with formic acid 
over nickel at 400° C. HCONHR first formed decomposes at 360°, giving CO and an 
arylaminc, but at 400° C. combination takes place and a CO(NHR)i results. 

1941. Phenyl-ethyl-ketone to propylbenzene. Gas phase : 300° : nickel, copper, 
platinum, cadmium oxide, stannous oxide, zinc oxide, thoria, alumina or zirconia as 
catalyst, the hist three above 300°. Vapors of the ketone and of formic acid are passed 
over the catalyst. The formic acid breaks dowm to hydrogen and carbon dioxide. 
[Mailhe and de Godon, Bull. Soc. Chim., 1917 (4), 21, 61.] 

1942. Benzyl-acetone, C#H*-CHi-CHi*CO*CH| to butyl-benzene. Gas phase : 
over 250° : moderately active nickel catalyst. [Darzcns, Compt. rend., 1904, 139, 868.] 

1943. Benzoyl-acetone, CeHe-CO-CHi-CO-CHj to butyl-benzene (80 per cent), 
toluene and isopropyl alcohol ( viA acetone). Gas phase : 200° : nickel catalyst. [Sat> 
atier and Mailhe, Compt. rend., 1907, 146, 1126.] 

1944. 2 : 4-Diethoxy-acetophenone to 2 : 4-di-ethoxy-ethylbenzene. Acetic acid 
solution : nickel catalyst. 11 

1946. Hydroxymcthylene Derivatives of Ketones. In hydroxymethylene deriva- 
tives, the group >C : CHOH is changed to methyl >CHi, when hydrogenated with a 
colloidal palladium (gum arabic) catalyst. [Koetz and Schaeffer, J. prakl. Chem., 1913 
(2), 88, 604.] This is a means of methylation, e.g., camphor hydroxymethylene deriva- 


• Ann. chim., 1925, 4, 156, 410; Chem. Abat., 1926, 20, 740: Compt. rend., 1926, 182, 138; 
Chem. Abat., 1926, 20, 1218. 

• J. Am. Chem Soc., 1923, 45, 1081. 

10 Mailhe. J. uainea qoz., 1925, 49, 147. 

11 Mailhe and de Godon, Bull. Soc. Chim., 1917, (4). 21, 61. 

11 Brit. Pat. application 256,225 (convention date July 30, 1925), by Hirsel, assignee of 
Schilt; Chem. Age (London), 1926, 16, 356. 
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tive hydrogenated in glacial acetic acid solution gives methyl-camphor, and from cyclo- 
hexanone methyl cyclo-hexanone can similarly be obtained. 11 

1946. Piperonal acetone to saturated ketone. Ethyl acetate solution : platinum- 
black catalyst. [Vavon and Faillebin, Compt. rend., 1910, 169, 65]. 

1947. Dipiperonal-acetone to the saturated ketone. Ethyl acetate solution : plati- 
num-black catalyst. [Vavon and Faillebin, Compt. rend., 1919, 169, 65 .] The reaction 
has two phases : the first product is the mono-ethylenic ketone. 

1948. Isobutylideneacetone to methyl isoamylketone. [Chavanne, Bull. Soc. Chim . 
Belg ., 1927, 36, 200.] 

1949. Vaniiiidene-acetone to vanillyl-acetone and the secondary alcohol: H0(CH # 0) 
CtHjCHiCH*CH(OH)CH|. Palladium animal charcoal catalyst. This alcohol is con- 
verted by 60 per cent sulphuric acid into homoeugenol. [Mannich and Merz. Arch. 
Pharm., 1927, 266, 104; C. A ., 1927, 21, 1803.] 

1960. 4-Hydro xy-3-methoxystyryl-ethyl ketone (produced by condensation of vanil- 
lin with methyl-ethylketone) to 4-hydroxy-3-methoxyphenylethyl-cthyl ketone. Plati- 
num-black catalyst. [Ichikawa, Sci. Rep. Tohoku , 1925, 14, 127, J.S.C.I. , 1925, B, 736.] 

1961. Di-4-hydroxy-3-methoxystyryl ketone (condensation product of vanillin and 
acetone) to di-0-4-hydroxy-3-methoxy-phenylethyl ketone. Platinum-black catalyst. 
[Nomura and Hotta, Sci. Rep. Tohuku Imp. Univ ., 1925, 14, 119.] 

1962. Cyclohexanone in the gas phase, over nickel, below 180°, hydrogenates to cyclo- 
hexanol and a small quantity of cyclohexane. [Sabatier and Senderens, Ann. Chim. 
Phys., 1905 (8), 4, 402.] In ethereal solution (50 per cent) with platinum-black cata- 
lyst the same result is obtained. [Vavon, Compt. rend., 1912, 166, 287.] 

1963. Methyl-cyclohexanones to methyl-cyclohexanols (and small quantities of the 
methyl-cyclohexanes). Gas phase : below 180° : nickel catalyst. [Sabatier and Sen- 
derens, Ann. Chim. Phye., 1905 (8), 4, 402). The methyl-cyclohexanones in 5 volumes 
of ether, can be reduced to the methyl-cyclohexanols, by hydrogenation in the presence 
of platinum-black catalyst. [Sabatier: Catalysis, 667.] 

1964. Allylation of cyclohexanones. The ailyl products can be hydrogenated to the 
corresponding normal propyl compounds. [Comubert and Le Bihan, Bull. Soc. 
Chim., 1927, 41 (iv), 1077.] 

1966. Unsaturated 2, 5-substituted cyclohexanones to the corresponding saturated 
cyclohexanones, with Voorhees- Adams platinum oxide catalyst. Suspension in ethyl 
alcohol (95 per cent) ; 1-2 atmospheres hydrogen pressure : 1 g. catalyst to 250 cc. alco- 
hol. The quantity of each unsaturated ketone used is given in grams after the name 
of the saturated ketone in the following list: Dibenzyl-cyclohexanone (20), di-p-methyl- 
benzyl-cyclohexanone (8), di-2, 4-dimethylbenzyl-cyclohexanone (1.55), di-p-chloro- 
benzyl-cyclohexanone (5), dianisyl (4), dipiperonyl (20). [Garland and Reid, J. Am. 
Chem. Soc., 1925, 47, 2333.] 

1966. Methyl-para-cresyl-ketone to para-methyl-ethyl-benzene. Gas phase : above 
250° (if at a lower temperature, the catalyst must be inactive toward the aromatic 
nucleus) : nickel catalyst. [Darzens, Compt. rend., 1904, 139, 868.] 

1967. Benzoin, C.H, CH(OH) CO C.H*, to dibenzyl, C fl H 4 CH, CH, C 4 H 4 . 
Gas phase : 210°-220° : nickel catalyst. [Sabatier and Mailhe, Compt. rend., 1907, 146, 
1126.] 

1967A. For the catalytic hydrogenation of alpha-diketones and their derivatives 
by Adams* method see Buck and Jenkins (J. Am. Chem. Soc., 1920, 61, 2163). The 
reduction of the following substances is described (the name of the product is given in 
parentheses): benzil (benzoin and hydro-benzoin); anisil (anisoin and hydro-anisoin); 
piperil (piperoin and hydro-piperoin); desoxy benzoin (toluylene hydrate); desoxy- 
anisoin (di-p-methoxy-toluylene hydrate); desoxypiperoin (di-p-methylene-dioxy- 
toluylene hydrate); stilbene (diphenylethane) ; di-p-methoxystilbene (di-p-methoxydi- 
phenylethane) ; di-p-methylenedioxystilbene (d-p-methy lenedioxydipheny lethane) . 

11 For reduction products of hydroxymethylene-aceto-phenone and of l-hydroxymethy!ene- 
1-bensylacetone, aee Rdpe and Muller. Helv. Chim. Acta, 1921, 4, 841; Chem. Abat., 1922. 
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1968. Benzyl to benzoin. Ten per cent solution in alcohol : colloidal palladium cata- 
lyst : atmospheric pressure. [Borsche and Walter, Ber., 1926, 69, 464. ] 

1969. Dibenzoyl, in gas phase, over nickel, at 220° gives dibenzyl (symm. diphenyl- 
ethane. [Sabatier and Mailhe, Compt. rend., 1907, 146, 1 126-U 

1960. Benzophcnone to diphenylmethane. Gas phase : 300° : nickel catalyst, pref- 
erably of only moderate activity. Instead of hydrogen, the vapors of formic acid may 
be used, with nickel, thoria, alumina or zirconia as catalysts. [Mailhe and de Godon, 
Bull. Soc. Chim ., 1917 (4), 21, 61] or methanol vapor [Sabatier and Murat, Bull. Soc. 
Chim., 914, (4), 16, 227.] 

1961. By Ipatiev’s method, with nickel oxide catalyst, diphenylmethane is formed. 
[Ipatiev, J. Russ. Phys. Chem. Soc., 1908, 40, 491; Chem. Centr., 1908 (2), 1098.] 

1962. Over copper (of a violet tint, prepared by reduction of the hydroxide) at 350°, 
diphenylmethane is also produced. [Sabatier and Murat, Compt. reml., 1914, 168, 761.] 

1963. To dicyclohexyl-methane. By the use of colloidal platinum at 60°, benzo- 
phenone is hydrogenated to dicyclohexyl-methane. [Skita, Ber., 1915, 48, I486.] 
The same result is obtained in the gas phase, by the use of an active nickel catalyst at 
160°. To diphenylcarbinol, with very active platinum black in ether solution. [Vavon, 
Compt. rend., 1912, 166, 287.] 

1964. Benzoyl-phenylethylene to benzoyl-phenylethane. Acetone solution : slight 
plus pressure : colloidal palladium catalyst. The hydrogenation continues with forma- 
tion first, of diphenyl-ethyl-carbinol, second, of diphenyl-propane. Not all related aro- 
matic and hydroaromatic carbonyl compounds were found to be hydrogenated in this 
manner. A large number of substances was subjected to this hydrogenation, for details 
of which the original paper should be consulted. [Straus and Grindel, Ann., 1924, 439, 
276.] 

1966. Distyrylketone to di-0-phenylethylketone. Ipatiev’s method. Benzene solu- 
tion : nickel oxide catalyst. 

1966. Di-0-phenylethylketone to a«-di-cyclohexyl pentane. Ipatiev’s method at 
240° C. [Ipatiev and Orlov, Compt. rend., 1927, 184, 751.] 

1967. Diphenylethanone (desoxybenzoln, C«H*-CO-CHj-CeII*) to diphenylethane 
(dibenzyl). Gas phase : over nickel : 350° C. [Sabatier and Murat, Ann. Chim., 1915, 
(9), 4, 263.] 

1968. Dibenzylidene-acetone (dibenzalacetone), in benzene solution diluted with 
alcohol, by Paal’s method, with colloidal palladium gives, first, benzyl-bcnzylidene- 
acetone, and then, dibenzyl-acetone. 

(1) CA-CH : CH : CO : CH : CH-CA + H, = 

C.Hi CH : CHCOCH,CH,CA 

(2) CACH : CH CO CHrCHi-CA + H, = 

CACH,CH,COCH,CH,CA. 

[Paal, Ber., 1912, 46, 2221.] 

1969. By Ipatiev’s method with 15 per cent nickel oxide, dibenzalacetone in benzene 
solution, heated for twenty-four hours, at 170°-180° C. and under 70-180 atmospheres 
hydrogen pressure, gave dibenzylacetone. The dibenzylacetone dissolved in cyclohex- 
ane and heated with the same catalyst for twelve hours at 240° C. gave 1, 5-dicyclohexyl- 
pentane. [Ipatiev and Orlov, J. Rues. Phys. Chem. Soc., 1927, 69, 537; also in: Compt. 
rend., 1927, 184, 751; Chem. Abst., 1927, 21, 1974.] 

1970. Benzalacetophenone (benzylidene acetophenone) to benzylacetophenone. 
Liquid phase : ethyl acetate solution : Adams’ platinum catalyst, fifteen to twenty min- 
utes at room temperature. [< Organic Syntheses, 1928, 8, 36. See also Straus and Grindel, 
Ann., 1924, 439, 294. (Palladium catalyst.)] 

1971. Arylamino-alkylketone8 to the carbinols. Nickel catalyst, on pumice. Exam- 
ples: A r -methylamino-acetophenone to phenyl-A r -methyl-aminomethyl-carbinol : amino- 
acetophenone to phenylamino-methylcarbinol : A’-methylamino-propiophenone to phe- 
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nyl-N-methylamino-ethyl-carbinol : w-methylamino-aceto-pyrocatechin to racemic ad- 
renalin. 14 

1972. For the same hydrogenations, 16 are used an alkaline solution, a nickel or a 
platinum group catalyst and the exclusion of oxygen. CChem. Age (London), 1928, 19, 
419.] 

1973. Cyclic Ketones: Relative Reactivity in Hydrogenation. 16 The relative ease 
of reduction of cyclic ketones with hydrogen and platinum-black is determined by reduc- 
tion of equimolecular mixtures of an optically inactive ketone and menthone with only 
one molecular proportion of hydrogen, the partition of the hydrogen between the two 
ketones being followed by measurements of optical activity. The results show that a 
substituent in position 2 diminishes the ease of hydrogenation, the effect being more 
marked for isopropyl than for n-propyl groups. The order of reactivity is: cyclo- 
hexanone, 4-methyl-, 2-methyl-, 2-propyl-, 2-iso-propyl-, 2-cyclohexyl-cyclohexanoncs, 
menthone, cyclo-pen tanone, 2-isopropylcyclopen tanone, camphor, fenchone. 17 

1974. Hydrogenation of Synthetic Ketones. Ketones obtained by condensation 

of ben zal-ace tone (ben zyliden e-ace tone, styryl-methyl-ketone, C*H»CH : CHCOCHi) 
or piperonylidene acetone (CHiO*C«HjCH : CH-CO-CHi) with formaldehyde and a 
secondary amine (diethylamine or ethylpropylamine) on hydrogenation with palladium- 
charcoal catalyst are affected only at the double linkages in the side (open) chain. 
E.g., Piperidinophenylpentenone to piperidinophenylpentanone. Diethylaminophenyl- 
pcntenone to diethylaminophenylpentanone. Piperidino-5-(3, 4-methylenedioxyphenyl) 
-4-pentenone to piperidino-5-(3, 4-methylenedioxyphenyl]-4-pentanone. Piperidino-5- 
[3, 4-dimethoxyphenyl]-4-pentenone to piperidino-5-[3, 4-dimethoxyphenyl] -4-pen ta- 
none. Diethylamino-5-[3, 4-methylenedioxyphenyl]-4-pentenone to diethylamino-5- 
(3, 4-methylenedioxyphenyl |-4-pen tanone. Piperidino-5-[p-methoxyphenyl)-4-pente- 

none to piperidino-5 [p-methoxyphenyl)-4-pen tanone. CMannich and Schlitz, Arch. 
Pharm , 1928, 265, 684; Chem. Abst., 1928, 22, 963.3 

1975. Dibenzalacetone-dimethyl-acetal to dil>enzylacetone-di methyl-acetal. [[Straus 
and Heyn, Ann., 1927, 458, 256; C. A., 1928, 22, 407.3 

1976. Benzylidenethebainone to benzylthebainone (2 isomers). Liquid phase: pal- 
ladous chloride. [[Gulland, J. Chem. Soc., 1928, 702.3 

1977. Xanthone hydrogenated under pressure at 200° C. in presence of nickel salts 
gives various products: xanthene, hexahydroxanthene (?- -tetrahydroxanthene), dodeca- 
hydroxanthene, o-hexahydrobenzyl-cyclohexanol, dodecahydrodiphenylmethanc. [[V. 
Braun and Bayer, Ber., 1926, 59B, 2317.3 See also: Ipatiev and Orlov, J. Russ. Phys. 
Chem. Soc., 1926, 58, 1034. 

1978. The ketone, CiiHuOj, obtained by oxidation of p-cresol with potassium fern- 
cyanide, hydrogenated with spongy platinum catalyst gives an alcohol CiiH^Oi. 
[[Pummerer, Puttfarcken, Schopflocher, Bcr., 1925, 58B, 1808.3 

1979. Anhydroepicatechin-tetramethyl ether to deoxyepicatechin-tetramethyl ether. 
Platinum catalyst. The product probably has the structure of a tetramethoxybenzyl- 
coumarone. 

1980. mp-Dimethoxybenzylidene-coumaronc to dimethoxybenzylcoumarone. Nickel 
catalyst. [[Freudenberg, Fikentscher and Harder, Ann., 1925, 441, 157.3 

1981. 7-Acetoxychromone to 7-ace toxychromanone. Acetic acid solution. [[Pfeif- 
fer, Oberlin and Konermann, Ber., 1925, 58B, 1947.3 

1982. Santonin to tetrahydrosantonin. In glacial acetic acid solution : platinum- 
black catalyst. [[Asahina, Ber., 1913, 46, 1775.3 Sodium santonate is, likewise, hydro- 
genated to sodium tetrahydrosantonate in presence of platinum-black catalyst. Cusi- 
nano, Lincei , 1913, 22, 507.3 

14 Brit. Pat. application 280,574. convention date, Nov. 10, 1926, to Merck; Chem. Age 
(London). 1928, 18, 85; Ger. Pat. 469,782, Nov. 11. 1926; Chem. Abst., 1929, 23, 1416. 

16 Brit. Pat. 296,006, Aur. 22, 1927, to Soc. Chem. Ind. Basle; Chem. Abst., 1929, 23, 2187. 

11 Vavon and Couderc, Bull. Soc. chim. Belg. (1927), 86 , 57. 

17 Brit. Chem. Abst., 1928, 547A. 
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1983. Elemol on ozonization gives (among other products) a ketone Ci^nO, which, 
on catalytic hydrogenation, gives the alcohol CiJIssO. 

1984. Campnospermonyl methyl ether to tetrahydrocampnospermonyl methyl ether. 
Ether solution : platinum oxide (“ dioxide ”) catalyst. Reduction of the tetrahydro 
ether with zinc and hydrochloric acid gives an unsaturated methoxy-hydrocarbon 
(?C»H 4 eO), which, with platinum catalyst is hydrogenated to a saturated methoxy- 
hydrocarbon (?C*HmO). 

Campnospermonyl acetate by hydrogenation with platinum oxide (“ dioxide ”) cata- 
lyst affords tetrahydrocampnospermonyl acetate. 

The parent body, campnospermonol, is a ketonic phenol derived from the oil of 
Campnospermum brevipetiolalum , and appears to be either 0-m-hydroxy-phenyl-A a *- 
h eneicosadien- 6-one : OH C«H 4 C( : CH,) CH,CO- [CH,] 7 CH : CH [CHJ 7 CH, or 
0-m-hydroxybenzyl-A a Mieneicosadien-5-one. CJones and Smith, J. Chem. Soc ., 1928, 
65J 

1985. 2-7-Ketobutenylnaphthalene to 2-y-ketobutylnaphthalene. Acetic acid sus- 
pension : colloidal platinum : 2 atmospheres. 1-y-ketobutenylnaphthalene to l-y-keto- 
butylnaphthalenc. [^Gibson el al ., J. Chem. Soc., 1926, 2247 J 

1986. Methyl-naphthyl-ketones to ethyl-naphthalenes. Gas phase : 180° : nickel 
catalyst. CDarzens and Rost, Compt. rend., 1908, 146, 933.] In general : naphthylalkyl 
ketones to alkyl naphthalenes. 

1987. Benzylidene-or-tetrahydronaphthalene ketone to benzyl-or-tctrahydronaphtha- 
lene ketone : platinum-black : acetic acid solution. 18 

1988. Anthraquinone is hydrogenated with ease, in decalin solution, at 200° with a 
nickel catalyst and 10-15 atmospheres pressure. If the supply of hydrogen is controlled 
a quantitative yield of anthranol is obtained. Further addition of hydrogen gives 
1:2:3: 4-tetrahydroanthranol and 1:2:3:4:5:6:7: 8-octahydroanthranol. 

1989. Dihydroanthranol is hydrogenated in these conditions to 1 : 2 : 3 : 4-tetra- 
hydroanthranol (15 per cent) 9 : 10-dihydroanthracene and 1:2:3: 4-tetrahydro- 
anthraccnc. This confirms the view that the primary product of the hydrogenation of 
anthracene is 9 : 10-dihydroanthracene and that this passes into 1 : 2 : 3 : 4 tetrahydro- 
anthracene. Whether catalytic hydrogenation of anthracene occurs exclusively through 
the 9 : 10-dihydro-compound or whether the primary attack takes place also at the side 
nucleus cannot be decided for the hydrocarbon, but a decision can be reached from its 
oxygenated derivatives, using anthranol as starting-point; if hydrogenation occurs initi- 
ally in the 9 : 10-position, the yield of tetrahydroanthranol from this substance cannot, 
under identical conditions, exceed that from dihydroanthranol. Actually the yield is 
far greater, so that for anthranol the primary attack occurs mainly or possibly exclu- 
sively at the side nucleus. The possibility that tetrahydroanthranol is readily attacked 
by hydrogen with elimination of the hydroxy-group and formation of tetrahydroanthra- 
cene is invalidated by the observation that it absorbs hydrogen less readily than anthra- 
nol or dihydroanthranol and yields successively 1:2:3:4:5:6:7: 8-octahydn>- 
anthranol and 1:2:3:4:5:6:7: 8-octahydroanthracene. 

1990. Anthraquinone Derivatives and Benzanthrone. Hydrogenation in vapor phase. 
The substrate, preferably mixed with copper or zinc dust, is sublimed with a current of 
hydrogen over a catalyst (e.g., a mixture of reduced copper and zinc) at 325°-475° C., 
according to the catalyst and the substrate. 2-Aminoanthraquinone at 460°-475° C. 
gives 2-aminoanthracene. Similarly are obtained: 1-aminoanthracene; 2-methylamino- 
anthracene; 1-diethylamino-anthracene; 2 : 6-dimethyoxyanthracene; 2-methylanthra- 
cenc. 19 

1991. 2-Acetamidoanthraquinone to 2-acetamido-9, 10-anthrahydroquinone (this is 
readily oxidizable and it is converted into 2-acetamido-9, 10-anthrahydroquinone- 

18 Riedel. A. G.. Ger. Pat. 422.036. 1923. 

19 Brit. Pat. 260.000. Oct. 18. 1926 (Ger. Pat., Oct. 17, 1925) to the I. G., assignees of 
Farbw. vorm. Meister, Lucius and Brlining. 
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dimethyl ether, by acting on it with methyl sulphate in alkaline solution). 2-acetamido- 
anthraquinone (20.5 parts) suspended in alcohol (200 parts) plus nickel catalyst (2 
parts) : hydrogen pressure 20 atmospheres : agitation. The reaction is exothermic.* 0 
199i. Acylaminoanthraquinones to 2-acylammo-ms-dihydroxy anthracenes. Solu- 
tion in pyridine or chlorbenzene, or suspension in alcohol, or in aqueous alkali : nickel 
catalyst : hydrogen pressure 20 atmospheres.* 1 

IMS. In dan throne Dye Intermediate. 2-Ace tamidoanthraquinone to dimethyl ether 
of leuco-fi- aminoanthraquinone. Nickel catalyst.** 

1994. Hexahydroanthrone to octohydroanthracene. Gas phase : 200° : nickel cata- 
lyst. CGodchot, Bull. Soc. Chim ., 1907 (4), 1, 712J 

*° Can. Pat. 283,918, Oct. 9, 1928, to Schirmacher, Schlichenmaier, Kross, Schaich, Tampke 
and Neumann (assigned to I. G. Farbenind. A.-G.); Chem. Abet., 1929, S3, 607. 

11 Brit. Pat. 297,042, Apr. 13, 1927, to Imray, as agent for I. G. Farbenind. A.-G. 

** Brit. Pat. 279,401, Aug. 26, 1927, to I. G. Farbenind. A.-G. Ger. Pat. date, Oct. 21, 
1920. 



CHAPTER XX 


NUCLEAR HYDROGENATIONS OF CARBOCYCLIC COMPOUNDS 

Carbocyclic Nuclei with More or Less than Six Carbon Atoms 

2000. Cyclopropane. Cyclopropane, in gas phase, over nickel, at 120°, yields pro- 
pane. CW ills tat ter and Bruce, Ber., 1908, 40, 4456.] 

2001. Methylcyclopropene gives isobutane in the gas phase, over nickel, at 170°- 
180° C. CMereshkovBki, J. Rum. Phy s. Chem. Soc ., 1914, 46,97; Chem. Abet., 1914, 
8, 1965.] 

2002. Ethyl cyclopropane to isopentane. Gas phase over nickel. CRozanov, 
/. Russ. Phys. Chem. Soc ., 1916, 48, 168; Chem. Abst., 1917, 11, 454.] 

2003. Dimethylmethylene-cyclopropane to isohexane. Gas phase : 160° : nickel 
catalyst. [^Zelinsky, Ber., 1907, 40, 4743.] 

2004. 3-Methylcyclopropene-l : 2-dicarboxylic acids (A or B) to 3-methylcyclopro- 
pane-1 : 2-dicarboxylic acids (2 isomers, m.p. 147° and 108°.] Colloidal palladium cata- 
lyst. CFeist, Ann., 1924, 436, 125.] 

2006. Cyclobutene in gas phase, over nickel, at 100°, gives first cyclobutane, then at 
180° butane. CWillstatter and Bruce, Ber., 1907, 40, 3979-3980.] 

2006. Cyclopen tadiene in gas phase, over nickel, at 180°, yields cyclopentane. 
CEijkman, Chem. Weekblad., 1903, 1, 7.] 

2007. 1, 3-Dimethyl- 1 -cyclopen tone to inactive 1, 3-dimethylcyclopentane. Acetic 
acid solution : platinum-black catalyst. Synthesis of the olefine is described. £Cha- 
vanne, Bull. sci. acad. roy. Bely., 1926 (5), 12, 105.] 

2008. 1, 2-Dimethyl-l-cyclopentene to 1, 2-dimethylcyclopentane. Platinum-black 
catalyst : 99 per cent yield. CChavanne and Devogel, Bull. soc. chim. Bely., 1928, 87, 
141.] 

2009. 1-Ethyl-l-cyclopentene to ethyl-cyclopentane. 1-Propyl-l-cyclopentene to 
propyl-cyclopentane. 1-Butyl-l-cyclopentene to butyl-cyclopentane. Acetic acid solu- 
tion : platinum-black catalyst. CChavanne and Becker, Bull. soc. chim. Bely., 1927, 86, 
591; Chem. Abst. , 1928, 22, 1957.] 

2010. Methylcyclopentenolone phenylurethane in alcoholic solution, in presence of 
palladium-charcoal catalyst, takes up 1 molecule of hydrogen, giving a product m.p. 
90°-95°. 

2011. 2-Methoxy-l-methyl-A'-cyclopenten-3-one hydrogenated in the same way 
yields 2-methoxy-l -methy 1-A '-cyclopen tan -3-one. 

2012. Methylcyclopentenolone is reduced to methylcyclopentanolone. CRojahn and 
Rfihl, Arch. Pharm., 1926, 264, 211.] 

2013. The methyl ester of 4-methyl-l-isopropyl-l-cyclopentene-3-one-4-carboxylic 
acid to the ester of 4-methyl-l-isopropyl-3-cyclopentanone-4-carboxylic acid. In alco- 
holic solution, slowly with platinum sponge catalyst, more easily with colloidal platinum. 
4-Methyl-l -isopropyl-1 -cyclopen ten e-3-one (methyltanacetophorone) gives 4-methyl-l- 
isopropyl-3-cyclopentanone. QToivonen, Ann. acad. sci. Fennicae, A28; Chem. Abst., 
1929, 23, 1624.] 

2014. 5-Ben zoyloxy-2 : 2 : 3 : S-tetramethyl-AMiyclopentenone to a dihydro-deriva- 
tive, CjcHjoOi. Acetic acid solution : palladinized barium sulphate catalyBt Cl. 9 g. 
ketone to 0.5 g. palladium). CIngold and Shoppee, J. Chem. Soc., 1928, 1871.] 

2014A. 5-p-Bromobcnzyloxy-2 : 2 : 3 : 3-tetramethyl-A*-cyclopentenone even at 2 
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atmospheres pressure gave a substance m.p. 26°-27° C. too small in quantity for identi- 
fication. For the most part the ketone was unchanged. C/frid.] 

2016. Chaulmoogric acid to dihydrochaulmoogric acid. 17 per cent solution in 95 
per cent alcohol : palladium-platinum catalyst. Esterification occurs simultaneously. 

2016. Hydnocarpic acid yields an optically inactive dihydrohydnocarpic acid. 
CDean, Wrenshall and Fujimoto, U. S. Pub. Health Service Bull., 1924, 141, 24.3 

2017. Cycloheptadiene, C 7 Hi 0 , to cycloheptane. Gas phase : 180° : nickel catalyst. 
If the operation is conducted at 235° the cycloheptane seems to undergo a molecular 
rearrangement to the isomer methyl-cyclohexane. CWillstatter and Kametaka, Ber ., 
1908, 41, 1480J 


2018. Cyclo-octatetrene in the gas phase over platinum forms cyclooctane. CWill- 
statter and Waser, Ber., 1911, 44, 3423.3 Also with platinum-black C/6id., 3434.3 
Cyclo-octatetrene is: H C:CH. C H:CH 


HC : CH CH : CH. 


2019. Bicyclo-octene (b.p. 1500) to bicyclo-octane (b.p. 140°). Gas phase : 150° : 
nickel catalyst. CWillstatter and Kametaka, Ber., 1908, 41, 1485.3 

2020. Cyclooctenone in the liquid phase, with platinum-black catalyst (10 per cent, 
by weight) is converted into cyclooctanone. [TYillstatter and Waser, Ber., 1911, 44, 
3434.3 

2021. Hexahydroindene and derivatives — stereochemistry. Htickel and Friedrich, 
Ann., 1926, 461, 132; J.S.C.I. , 1926, 238A. 

2022. l-Methyl-A'-cyclopentadecene to methylcyclopentadecane. Platinum-black 
catalyst. CRuzicka, Schinz and Pfeiffer, Helv. Chtrn. Acta, 1928, 11, 686.3 


SlX-MEMBERED RlNQS 


HYDROCARBONS 

2023. Experiments of Sabatier. 1 The special power of reduced nickel observed 
by Sabatier seemed so perfect that he thought of generalizing it, and hence attacked a 
case of hydrogenation, which up to that time had not been realized by any method, 
namely, that of benzene. Berthelot had attempted to effect it with his universal agent 
of hydrogenation, a concentrated solution of hydriodic acid at 250° C. But instead of 
cyclohexane, which boils at 81° C., Berthelot had prepared only its isomer, methylcyclo- 
pentane, which boils at 69° C. Under the influence of the hydriodic acid the hexagonal 
nucleus was transformed into a substituted pentagonal nucleus. 

2023A. Hence Sabatier was led to make the following experiment: Benzene vapors, 
carried along by a current of hydrogen in excess, were directed over a bundle of reduced 
nickel, maintained at 200° C.; the gases issuing from the tube were sent to a U-tube 
surrounded by ice, within which the vapors of cyclohexane should be expected to con- 
dense to a liquid state. At the beginning, the velocity of hydrogen issuing from the 
condenser tube seemed very little less than that at the entrance. But after boiling for 
a rather short time the gas ceased to pass, the U-tube was stopped up by the condensa- 
tion of a solid product, which it seemed could only be benzene, solidifiable at 4°C. 
Sabatier had seen in the literature that cyclohexane, extracted from Caucasian petro- 
leum by Markovnikov was condensed to a solid which melted at — 11° C.) On opening 
the U-tube, however, Sabatier perceived, instead of the odor of the original benzene, the 
special intermediate odor between that of chloroform and that of the rose, which belongs 
to cyclohexane. The condensed product was cyclohexane, entirely pure, melting not at 
— 11° C. but above 6° C., absolutely unattacked by sulphonating reagent. The trans- 
formation of benzene by Sabatier’s procedure had been complete. 

2024. Benzene to Cyclohexane. Gas phase : nickel catalyst: 70°-190°. The hydro- 
genation is rapid at the higher temperatures, and without side reactions. Unchanged 

1 Sabatier, Ind. Eng. Chem., 1926, 18, 1006. 
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benzene may be removed by treating with a mixture of 1 volume fuming nitric acid and 
2 volumes concentrated sulphuric acid. Above 190° and especially above 300°, methane 
is formed and carbon is deposited on the nickel. ^Sabatier and Senderens, Compt. rend., 
1901, 132, 210.] At 250° and especially above 300° dehydrogenation occurs with 
regeneration of the benzene. 

2024A. According to Sabatier and Senderens HAnn. Chim. Phya. t 1905 (8), 4 , 367], 
fresh platinum-black catalyzes somewhat the hydrogenation of benzene to cyclohexane 
at 180°, but is rapidly put out of action by poisons. Platinum sponge was found inac- 
tive. Zelinsky affirms that both platinum and palladium are as efficient as nickel in 
this and other hydrogenations of the aromatic nucleus. CZtelmsky, J m Russ. Phys. 
Chem. Soc., 1912, 44 , 274.] Colloidal platinum catalyzes this reaction “ more or less 
readily ” (Sabatier). Cobalt also catalyzes the hydrogenation of benzene at 180°, but 
soon loses its activity. ^Sabatier and Senderens, Ann. Chim. Phys. t 1905 (8), 4 , 368.] 

2025. Adams’ platinum oxide-platinum-black catalyst gave excellent hydrogenation 
of the compounds listed below.* 


Reduction of Aromatic Compounds in 50 cc. of Glacial Acetic Acid at 25°-30° 
Temperature and 2-3 Atmospheres Pressure 


Compound Used 

B. P., °C. 

M. P., °C. 

Amount of 
Substance, G. 

Amount 
of Cata- 
lyet, G. 

Time, 

hrs. 

Benzene 

79.5-80 


15.6 (0.2 mole) 
18.4 (0.2 mole) 
21.2 (0.2 mole) 

0.2 

2 0 

Toluene. . 

110-111 


.2 

2 75 

Ethylbenzene 

136-136.8 


.2 

7.5 

m-Xylene 

139-140 


21.2 (0.2 mole) 

.2 

21.5 

Mixed xylenes 

138-145 


21.2 (0.2 mole) 
12 (0.1 mole) 

.2 

26 0 

Mesitylcno 

164 5-166 


.2 

8.5 

Cymene 

175-176.2 


13.4 (0.1 mole) 
16.8 ( 0.1 mole) 

.2 

7.5 

Diphenylmethane 

27 

.2 

7.0 

Triphcnylmethane* 


92.2-92.5 

8.74 (0.033 mole) 

4 X 0.2 

48 0 

a. a-Diphenylethano .... 

147 (15 mm.) 


18.2 (0.1 mole) 

3 X 0.2 

26.5 

Dibenzyl 


52.5-53 

18.2 (0.1 mole) 

3 X 0.2 

37.0 

Phenylacetic acid 


76 

13.6 (0.1 mole) 

.2 

5.5 

0-Phenylpropionic acid . . 


48 

15.0 (0.1 mole) 

.2 

6.0 


Compound Obtained 

B. P., ° C. 

no 

d 

Ref. 

Cyclohexane 

79-79.5 (752 mm.) 

1.4242/20° 

0.7769/20° 

7. 3. 4 

Methyleyclohcxane 

100-100 .*2 (742 mm.) 

1.4198/20° 

.7687/20° 

7.4 

Ethylcyclohexane 

129.8-130 (743 mm.) 

1.4278/25° 

. 7899/25° 

8 

m-Dimethyleyclohexano 

118.5-119 (747 mm.) 

1.4230/25° 

.773/25° 

3b, 9. 10 

Mixed dime thy Icy clohexanes .... 
Trimethylcyclohcxane 

118-123 (743 mm.) 
135.5-136 (743 mm.) 

1.4257/25° 

.8250/25° 

9 

l-Mcthyl-4-isopropylcyclohexane 

63 (22 mm.) 

1.4370/25° 

.8061/25° 

9 

Dicyclohexylmethane 

110-110 5 (18 mm.) 

1.4875/20° 

.8884/20° 

11 

Tricyclohexylmethane 

163.2 (4 mm.) 

1.5264/20° 

.9644/20° 

12, 13 

a, a-Dicyclohexylethane 

112 (7 mm.) 

1.4887/25° 

.9070/25° 

7. 14 

a, 0-Dicyclohexylethano 

147-148.5 (12 mm.) 

1.4760/18° 

.8774/18° 

4 

Cyclohexylacetic acid 

110-112 (3 mm.) 

1.4558/30° 

1.007/30° 

16 

0-Cyclohcxylpropionic acid 

112-114 (4 mm.) 

1.4596/25° 

1.0178/25° 

15. 17 


• Temperature 60° C.; 100 cc. of acetic acid. 


* Adams and Marshall, J. Am. Chem. Soc., 1928, 50, 1972. 
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2026. By Ipatiev’s method, using 8 per cent of “ nickel oxide,” at 250°, benzene is 
quantitatively hydrogenated to cyclohexane. The nickel sesquioxide [sic] is said to give 
better results than the monoxide. Above 300° decomposition occurs with formation of 
benzene, carbon and methane. [[Ipatiev, J . Russ. Phys. Chem. Soc ., 1907, 39, 681-693; 
Chem. Abst., 1907, 1, 2877 and 2878.3 

2027. Benzene to cyclohexane. Gas phase : 140° : active copper catalyst, pro- 
duced by slow reduction from the oxide at 150°-300°. Excess of benzene inhibits the 
reaction; this is explained as due to hydrogen adsorption being blocked by preferential 
adsorption of benzene : maximum reduction obtained at 230° C. [[Pease and Purdum, 
/. Amer. Chem. Soc., 1925, 47, 1435.] 

2028. Cyclohexene, in liquid phase, with nickel catalyst is reduced to cyclohexane, 
at 160°-180° C. [[Sabatier, 687.3 

2029. The Equilibrium between Benzene, Hydrogen and Cyclohexane. Burrows 

and Lucarini, J. Am. Chem. Soc., 1927, 49, 1157. Using a platinum catalyst (nickel 
having given erratic results owing to side reactions) the equilibrium constants were deter- 
mined; at 266.5° C. the constant was 5.47 atmospheres and at 280° C., 1.62 atmospheres. 
These figures are of the same order of magnitude as those predicted from the Nernst 
approximation formula. [Chem. Abst., 1927, 20, 22133- 

2030. Some High-temperature Reactions of Benzene and Toluene in presence of 
hydrogen or of an inert gas. CDufton and Cobb, Gas. T., 1920, 160, 588; Gas World, 
1920, 72, 485; Chem. Abst , 1920, 2614. 

2031. Toluene to methyl-cyclohexane. Gas phase : 150°-180° (below 250°) : nickel 
catalyst. Residual traces of toluene removed by shaking with mixture of 1 volume 
fuming nitric acid to 2 volumes of concentrated sulphuric acid, [[Sabatie* and Sen- 
derens, Compt. rend., 1901, 132, 568-3 

2032. Freshly prepared platinum-black can be used to catalyze the hydrogenation, 
at 180°, of toluene to methyl-cyclohoxane. According to Zelinsky, it is as efficient for 
this purpose as is nickel, but Sabatier reports that the activity of the catalyst rapidly 
wanes. [[Sabatier and Senderens, Ann. Chirn. Phys., 1905 (8), 4, 368; Zelinsky, J. Russ. 
Phys. Chem. Soc., 1912, 44, 274.3 

2033. In acetic acid solution, with a colloidal palladium catalyst, toluene is hydro- 
genated to methyl-cyclohexane. [[Skita, Ber., 1915, 48, 1486.3 The same hydrogena- 
tion may be effected with a platinum-black catalyst. [[Halse, J. prakt. Chem., 1915 (2), 
92, 40.3 Rhodium (but not ruthenium) black may also be used, but it is not very active. 
[[Madinaveitia, Soc. Esp. Fts. Quim., 1913, 11, 328.3 

2034. Xylene (ortho-, meta-, or para-) to ortho-, meta, or para-dimethyl-cyclohexane. 
Gas phase : 180° : nickel catalyst. [[Sabatier and Senderens, Compt. rend., 1901, 132, 

568.3 

2036. Dimethyl-cyclohexenes to corresponding dimethyl-cyclohexanes. Gas phase : 
below 180° : active nickel catalyst. [[Sabatier and Nlailhe, Ann. Chim. Phys., 1907 (8), 
10, 555.3 

2036. Cinnamene (phenyl-ethylene or styrene) to ethyl-cyclohexane. Gas phase : 
160° : active nickel catalyst. With less active nickel at 200°, ethyl benzene is the chief 
product. [[Sabatier and Senderens, Comj>t. rend., 1901, 132, 1255.3 Even with active 
nickel ethyl-benzene is produced at 300° C. [[Sabatier and Murat, Compt. rend., 1913, 
166, 1843, as also wnth a copper catalyst at 180° C. 

2037. Ethyl-benzene to ethyl-cyclohexane (with some methyl-cyclohexane and 
methane). Gas phase : below 180° : nickel catalyst. [[Sabatier and Senderens, Compt . 
rend., 1901, 132, 1254.3 With platinum catalyst, or palladium, Zelinsky hydro- 
genated ethyl-benzene to ethyl-cyclohexane. C J . Russ. Phys. Chem. Soc., 1912, 44, 274.3 

2Q37A. Polystyrol to hexahydropolystyrol. Polystyrol is dissolved in thiophene-free 
benzene, nickel catalyst is added and then alcohol. The precipitate of polystyrol and 
nickel is dried in a vacuum and hydrogenated in a rotary autoclave at 280° C. under 
100 atmospheres pressure for two hours. [Staudinger, Geiger and Huber, Ber., 1929, 
62, 263J 
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2038. Methyl-ethyl-1, 2-cyclohexene to methyl-ethyl-1, 2-cyclohexane. Gas phase : 
below 180° : nickel catalyst. [Sabatier: Catalysis. 476.] 

2039. Pseudocumene (1, 3, 4-trimethyl-benzene) to 1, 3, 4-trimethyl-cyclohexane. 
Gas phase : 180° (below 250°) : nickel catalyst. Unchanged pseudocumene may be 
removed by shaking with a mixture of 1 volume fuming nitric acid to 2 volumes concen- 
trated sulphuric acid, a reagent which is almost without effect on the saturated hydro- 
carbon in the cold. [Sabatier and Senderens, Compt. rend., 1901, 132, 568.] 

2040. Mesitylene, 1, 3, 5-trimethyl-benzene to 1, 3, 5-trimethyl-cyclohexane. Gas 
phase : about 180° (below 250°) : nickel catalyst : almost quantitative : traces of resi- 
dual mesitylene can be removed by shaking with nitric and sulphuric acid mixture, which 
is without effect on the saturated hydrocarbon, in the cold. [Sabatier and Senderens, 
Compt. rend., 1901, 132, 568.] 

2041. Butyl-benzene to butyl-cyclohexane (with products of shortening of the side 
chain). Gas phase : not above 180° : nickel catalyst. [Sabatier: Catalysis. 448.] With 
platinum-black catalyst, butyl-benzene in acetic acid solution yields butyl-cyclohexane. 
[Halse, J. prakt. Chem., 1915 (2), 92, 40.] 

2042. p-Cymene (p-methyl-isopropy 1-benzene), in the gas phase, over nickel, at 
180°, gives p-methyl-ieopropyl-cyclohexane (75 per cent), p-dimethyl and p-methyl- 
ethyl-cyclohexane (12§ per cent of each). [Sabatier and Senderens, Compt. rend., 1901, 
132, 568 and 1254.] 

2043. Durene to hexahydrodurene. Acetic acid solution : platinum-black catalyst. 
[Willstatter and Hutt, Ber., 1912, 45, 1471.] 

2044. Amyl-benzene to amyl-cyclohexane. Liquid phase (acetic acid solution) : 
platinum-black catalyst. [Halse, J. prakt. Chem., 1915 (2), 92, 40.] The preparation 
of a large number of homologs is described in this article. 

2046. Hexyl-benzene to hexyl-cyclohexane. Liquid phase, acetic acid solution : 
platinum-black catalyst. [Halse, J. prakt. Chem., (2), 1915, 92, 40.] 

2046. Octyl-benzene to octyl-cyclohexane. Acetic acid solution : platinum-black 
catalyst. [Halse, J. prakt. Chem., 1915 (2), 92, 40.] 

2047. Pen tadecy 1-benzene to pentadecyl-cyclo-hexane. In acetic acid solution : 
platinum-black catalyst. [Halse, J. prakt. Chem., 1915 (2), 92, 40.] 

2048. Diphenyl may be hydrogenated completely to dicyclohexyl (m.p. 4°, b.p. 233°) 
in the gas phase, by repeated passages over an active nickel at moderate temperatures 
(about 170°), with a rapid current of hydrogen. Diphenyl boils at 254°, hence the need 
for the rapid gas current. [Sabatier and Murat, Compt. rend., 1912, 154, 1390; Eijk- 
mann, Chem. Weekhlad, 1903, 1, 7, Chem. Centr., 1903 (2), 989.] 

2049. Dibenzyl (diphenyl-ethane), CeH*-CHi-CHi*CeHi, in the gas phase over 
nickel at 160°-170° hydrogenates to 1, 2^1icyclohexylethane, CeHirCHi*CHfC$Hn, 
b.p. 270°. On account of the high boiling-points of the substrate and of the product, 
the current of hydrogen must be rapid and one passage will not suffice for the transfor- 
mation. [Sabatier and Murat, Ann. Chim., 1915 (a), 4, 303.] The same hydrogenation 
is effected by Ipatiev’s method, using “ nickel oxide ” catalyst at 260°, 120 atmospheres. 
IBer., 1907, 40, 1286.] 

2050. Diphenyl-propanes to dicyclohexyl-propanes : gas phase, rapid current of 
hydrogen, several passages over very active nickel at 170°. [Sabatier and Murat, Ann. 
Chim. 1915 (9), 4, 304.] 

2051. Diphenyl-butanes to dicyclohexyl-butanes. Gas phase, rapid current of 
hydrogen : 170° : nickel catalyst. [Sabatier and Murat, Ann. Chim., 1915 (9), 4, 305.] 

2052. Diphenyl-pen tan es (b.p. above 300°) to dicyclohexyl-pentane. Gas phase, 
rapid current of hydrogen : 165° : nickel catalyst. [Sabatier and Murat, Ann. Chim., 
1915 (9), 4, 307.] 

2053. Phenyl-cyclohexene (1, 1) to phenyl-cyclohexane and some diphenyl. Gas 
phase : 220°, nickel catalyst of slight or modified activity. [Sabatier and Murat, 
Compt. rend., 1912, 154, 1390.] 



RING HYDROGENATIONS 


227 


CtH 4 v 

2064. Fluorene, | yCH% to decahydrofluorene (b.p. 258°). Gas phase : 150° : 

c 4 h 4 

nickel catalyst. [[Schmidt and Metzger, Ber ., 1907, 40, 4566.] 

2066. According to Sadikov and Mikhailov , 1 " hydrogenation of fluorene in the pres- 
ence of osmium at 300° and 165 atmospheres original pressure proceeds much more rap- 
idly than in the presence of nickel and gives a small proportion of dodecahydrofluorene 
in addition to decahydrofluorene, which is the sole product when nickel is used. Addi- 
tion of cerium dioxide to the osmium catalyst causes an extraordinary enhancement of 
its activity, the yield of dodecahydrofluorene attaining about 93 per cent at 300° with a 
maximal pressure of 153 atmospheres. With thorium dioxide in place of cerium dioxide 
a still greater activation is observed, and dodecahydrofluorene is the sole product. With 
nickel oxide hydrogenation proceeds slowly and yields decahydrofluorene and unchanged 
fluorene; addition of cerium dioxide enormously increases the activity and causes almost 
exclusive production of dodecahydrofluorene. Thorium dioxide, on the other hand, 
greatly diminishes the activity of the nickel oxide catalyst.” 4 

2066. Cyclohexyl-cyclohexene (1, 1) yields dicyclohexyl on hydrogenation over a 
slightly active nickel in the gas phase at 220°. [[Sabatier and Murat, Compt. rend., 1912, 
164, 1390.] 

2067. l-Methyl-6-cyclohexylidene-A'-cyclohexene to 1-methy 1-2-cyclohexyl-cyclo- 
hexane. 

2068. l-Ethyl-6-cyclohexylidene-A'-cyclohexene to l-ethyl-2-cyclohexyl-cyclohexane. 
95 per cent ethanol solution : Adams’ platinum-black catalyst. [[Garland and Reid, 
J. Am. Chem. Soc., 1925, 47, 2339.] 

2069. Triphenyl-methane hydrogenated over nickel at 220° gives dicyclohexyl- 
phenyl-methane, and at 180° tricyclohexyl-methane. [[Godchot, Compt. rend., 1908, 
147, 1057.] The second product was obtained by rehydrogenation of the first at 
175°-220°. 

2060. 1, 10, 10-Triphenylbenzofulvene, C»H*>, to l-phenyl-3-[diphenyl-methyl]- 
dihydroindene, C»Hi 4 . Ether (60 cc.) solution : 0.5 g. hydrocarbon, 1.5 g. platinum- 
black : two hours at atmospheric pressure. With Paal’s colloidal palladium hydrogena- 
tion failed. [[Zalkind (Salkind) and Kruglov, Ber., 1928, 61B, 2311.] 

2061. Tetraphenylmethane to dicyclohexylmethane, tricyclohexylmethane and (?) a 
little phenylcyclohexylmethane. Ipatiev’s method : 80-100 atmospheres : 275°-285° : 
6ve to six days : nickel catalyst. 

2062. Similarly: parahydroxytetraphenylmethane to cyclohexanol, dicyclohexyl- 
methane, tricyclohexylmethane. [[Ipatiev and Dolgov, Bull. Soc. Chim., 1927 (iv), 41, 
1621; Bril. Chem. Abet., 1928, 163.] 

2063. Symmetrical tetraphenylethane to dicyclohexylmethane. Gas phase : 230°- 
210° : very active nickel catalyst. Sabatier remarks that this hydrogenation has “mis- 
carried.” [[Sabatier and Murat, Compt. rend., 1913, 167, 1497.] 

2064. Indene to hydrindene. 10 to 15 atmospheres : 200° : nickel catalyst : yield 
theoretical. [[von Braun and Kirschbaum, Ber., 1922, 66 (B), 1680; J. Chem. Soc., 121 
and 122 (i), 727.] 


2066. Hydrindene, 



to dicyclononane, C»Hi#, b.p. 163°. 


Gas 


phase : nickel catalyst. [[Eijkman, Chem. Week. Blad., 1903, 1, 7, Chem. Centr., 1908 
(2), 989.] 


9 Ber., 1928. 61B, 1792. 

4 Brit. Chem. Abet., 1918, 1235 A. 
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Naphthalene, Phenanthrbne and Anthracene 1 

2068. Naphthalene to dihydronaphthalene. Liquid phase : nickel catalyst. In a 
boiling ethyl alcohol solution of naphthalene, the products obtained were invariably 
mixtures which, however, could be separated readily. The first main product of hydro- 
genation proved to be 1.4 dihydronaphthalene, and this appears to be the first instance 
of the preparation of a dihydro derivative in the naphthalene series by direct hydrogena- 
tion in presence of a catalyst. A more prolonged reaction, or treatment of 1.4 dihydro- 
naphthalene in boiling ethyl alcoholic solution, led to the formation of some tetrahydro- 
naphthalene, together with a mixture of lower boiling liquids, which were not examined 
closely, but were probably the more saturated derivatives. [Rowe, J.S.C.I., 1920, 
244T. This is a long and important article dealing with the hydrogenation of naphtha- 
lene and its compounds. The greater part is taken up with hydrogenation by means of 
sodium. An article by Rowe and Tarbett, in J. Soc. Dyers and Col., 1925, 41, 5, Bril. 
Chem. Abst., 1925, 44, 165B, deals with the properties of azo dyes from intermediates 
obtained by the hydrogenation of naphthalene derivatives.] 

2067. Naphthalene to tetrahydronaphthalene, b.p. 205°-207°. Gas phase : 200° : 
nickel catalyst. [Sabatier and Senderens, Compt. rend., 1901, 132, 1257.] Vapor car- 
ried by the hydrogen current over the catalyst. 

2068. Naphthalene to decahydronaphthalene, 189°-191°. Gas phase : 175° : nickel 
catalyst. [Leroux, Compt. rend., 1904, 139, 672.] Decahydronaphthalene is also 
formed, in acetic acid solution, by hydrogenation with colloidal palladium catalyst. 
[Skita, Ber., 1912, 45, 3312.] 

2069. By Ipatiev’s method, naphthalene is hydrogenated successively to tetrahydro- 
and to decahydronaphthalene, using the 11 nickel oxide ” catalyst at 250° under 120 
atmospheres. [Ipatiev, Russ. Phys. Chem. Soc., 1907, 39, 693; Chem. Abst., 1907, 1, 
2877; Ber., 1907, 40, 1281.] 

2070. With platinum-black catalyst naphthalene in glacial acetic acid is hydro- 
genated successively to dihydro-, tetrahydro-, and decahydronaphthalene. [Willstatter 
and Hatt, Ber., 1912, 45, 1471; Willstatter and King, Ibid., 1913, 46, 527.] 

2071. Naphthalene to decahydronaphthalene (decalin). According to Hticker all 
preparations of decahydronaphthalene are mixtures of the cts- and trans-forms, the 
product obtained by the use of platinum-black containing about 90 per cent of the cis- 
and 10 per cent of the trans-form. Willstatter and Seitz have examined various prep- 
arations made with the aid of platinum and found all to have the constants of the pure 
cis-form, nor could any trace of the trans- form be obtained on fractional distillation. 
Reduction of naphthalene with nickel and hydrogen at 160-°162°, however, yielded 
chiefly the trans-form, dV 0-8784; n* D ° 1-4729. [Willstatter and Seitz, Ber., 1924, 
67B, 683.] 6 

2072. Acenaphthene CnHio to tetrahydroacenaphthene (b.p. 254°), gas phase, 210° 
and 250°, nickel catalyst. [Sabatier an d Senderens, Compt. rend., 1901, 132, 1257. 
Godchot, Bull. Soc. Chim., 1908 (4), 3, 529.] 

2073. Acenaphthene to tetrahydroacenaphthene. 10 to 15 atmospheres : 210° : 
nickel catalyst : yield quantitative. [Von Braun and Kirschbaum, Ber., 1922, 56 (B), 
1680; J. Chem. Soc., 121 and 122 (i), 727.] 

2074. Hydrogenation of thionaphthene. [Fricke and Spilker, Ber., 1926, 59B, 349.] 

2075. Phen&nthrene. The results obtained by hydrogenating phenanthrene vapors 
over nickel vary with the temperature and, seemingly, with other conditions, for the 
reports of different workers, are conflicting. Working at a little below 200°, with a 
nickel of high activity, Breteau ICompt. rend., 1905, 140, 942] obtained a mixture of 

1 For industrial hydrogenation of these hydrocarbons consult Chapters XLI and XL1L 

• /. Chem. Soc. Abst., 1924, i, 628. 
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hexahydrophenanthrene, b.p. 305°, and octohydrophenanthrene, b.p. 280°. Schmidt 
and Metzger [ Her ., 1907, 40, 4240] at 150° got no farther than the dihydrophcnanthrene, 
while Padoa and Fabris [ Gaz . Chim. Ilal., 1909, 39 (1), 333] at 200° obtained a mixture 
of solid dihydrophenanthrene and liquid tetrahydrophenanthrene. By operating at 175° 
these last workers got dodecahydrophenanthrene. [[Sabatier: Catalysis. 484.] 

2076. Ipatiev’s method, with “nickel oxide” catalyst, at 400° yields in succession 
dihydro-, tetrahydro-, octohydro-, and perhydrophenanthrene. [Ipatiev, Jakovlev 
and Rakitin, Ber. } 1908, 41, 996.] 

2077. In the presence of palladium sponge, at 150°-160°, phenanthrene vapors, 
driven by a current of hydrogen, give a mixture of tetra- and octohydrophenanthrene. 
[Sabatier, 636.] 

2078. Hydrogenation of phenanthrene. See Schroeter, 1924, Bcr. t 67B, 2025; C. A., 
1925, 19, 1274. 

2079. Phenanthrene : Hydrogenation and Dissociation. Phenanthrene to dihy- 
drophenanthrene, alkyl-naphthalenes, naphthalene and dissociation products of naph- 
thalene. Ipatiev’s method, alumina catalyst with copper, nickel, or iron oxide. The 
temperature of dissociation is about 500° C. with an initial hydrogen pressure of 75 
atmospheres. The dissociation products of naphthalene are di-substituted benzenes, 
containing but little benzene. Dissociation occurs therefore with intermediate produc- 
tion of dihydrophenanthrene and fission of one ring with the formation of naphthalene 
and alkylnaphthalenes, the process representing the converse of the synthesis of phe- 
nanthrene from naphthalene and ethylene. The second possible mode of dissociation, 
into diphenyl and ethylene, does not appear to be realized in these experiments, as indi- 
cated by the almost complete absence of benzene and toluene from the products. Prob- 
ably the dissociation of phenanthrene into naphthalene is caused by its tendency to 
i8omerize to the symmetrical anthracene, a process which would be interrupted in its 
initial stages by the hydrogen and thus give rise to alkyl-naphthalenes. [Orlov, Ber., 
1927, 60B, 19501’ 

2080. Phenanthrene to symmetrical octahydrophenanthrene. [Schroeter, with van 
Hulle and Muller, Bcr. t 1924, 57B, 2025.] 

2081. With palladium-black (half the weight of substrate) phenanthrene in cyclo- 
hexane solution is hydrogenated to tetrahydrophenanthrene. [Breteau, Div. mith. 
hydrog ., Paris, 1911, 26.] 

2082. With platinum-black phenanthrene in cyclohexane solution is not hydrogen- 
ated. [Breteau, loc. cit. t p. 20.] But in ether solution, in two days at room tempera- 
ture, in eight hours at the boiling-point of the solution, dihydrophenanthrene was 
obtained by Schmidt and Fischer [Rer., 1908, 41, 4252.] 

2083. Anthracene. Successive hydrogenations. Gas phase : nickel catalyst. At 
260° gives tetrahydroanthracene, CuHh, m.p. 89°. At 200°-205° octahydroanthracene, 
m.p. 71°. By the use of extremely active nickel with slow hydrogen current at 175°- 
180° the octohydroanthracene may be hydrogenated to perhydroanthracene, Ci«H 24 , 
m.p. 88.° [Godchot, Ann. Chim. Phys ., 1907 (8), 12, 468.] 

2084. Using Ipatiev’s method, at 260°-270°, 100 to 125 atmospheres, for ten to six- 
teen hours, with “ nickel oxide ” catalyst, the same successive hydrogenations of anthra- 
cene were obtained, with partial destruction of the anthracene. [Ipatiev, Jakovlev and 
Ratikin, Ber., 1908, 41, 996.] 

2086. Anthracene hydrogenated in the presence of nickel-fuller’s earth catalyst, under 
10-20 atmospheres pressure at 120°-150° yields, primarily, 9 : 10-dihydroanthracene, 
then 1:2:3: 4-tetrahydroanthracene and syrwme/ricai-octahydroanthracene. (Note 
the surprising wandering of the hydrogen atoms from positions 9 and 10.) [Schroeter, 
with Gluschke, van Hulle and Gotzky, Bcr., 1924, 67B, 2003.] 


7 Brit. Chem. Abet., 1927 , 1060A. 
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2086. Hydrogenation of anthracene. See Schroeter, Ber ., 1924, 57B, 2003; Chem. 
Abst., 1925, 19, 1271. 

2087. Cyclic hydrocarbons such as benzene and its homologs, naphthalene, phe- 
nanthrene and anthracene are produced by subjecting aliphatic or hydroaromatic hydro- 
carbons to the action of hydrogen or hydrogen-containing gases, under pressure, at 
500° C., with the use of catalysts. For details the original should be consulted. 1 

# Brit. Pat., 281,298, Nov. 24, 1926, to I. G. Farbenind. A.-G. 



CHAPTER XXI 


NUCLEAR HYDROGENATIONS IN SIX-MEMBERED RINGS 

Hydroxy Compounds 

2100. Phenol to Cyclohexanol. In the gas phase at 180°, with a nickel catalyst, 
the product first obtained contains unchanged phenol, also some cyclohexanone and 
cyclohexene. By separating the fraction boiling 155°-165° and subjecting it to a second 
passage (with hydrogen) over the nickel at 150°-170°, the phenol and cyclohexanone are 
completely converted into cyclohexanol. ^Sabatier and Senderens, Compt. rend., 1903, 
137, 1025 J 1 

2101. In the liquid phase, with a nickel catalyst, under 15 atmospheres pressure of 
hydrogen, at 100°-150°, phenol is rapidly and completely converted into cyclohexanol. 
[Sabatier: Catalysis. 603.] 

2102. Phenol can also be hydrogenated to cyclohexanol by use of a platinum-black 
catalyst. [Willstatter and Hatt, Ber., 46, 1471.] 

2103. Brochet* produces alcohols from aldehydes, ketones and phenols by catalytic 
hydrogenation in the liquid phase (if necessary, by fusion or solution of a solid) or in a 
suspension of a solid. The catalyst is one of the group with atomic weight between 
55 and 59 (iron, nickel, cobalt) with or without a promoter. Brochet prefers to use a 
moderate plus pressure of hydrogen. The temperature does not exceed 200° C. Vig- 
orous agitation is desirable. Example : cyclohexanol from phenol. 

2104. Phenol to cyclohexanol. Liquid phase at 190°-215° C. under 25 atmospheres 
hydrogen pressure : catalyst, mixed oxides of nickel, cobalt and copper.* 

2106. Phenol to cyclohexanol, with Adams* platinum oxide catalyst. Phenol 62 g., 
ethyl alcohol (95 per cent) 50 cc., catalyst 0.65 g. : initial pressure 2.75 atmospheres : 
time, six and one-half hours : yield 54 g. pure cyclohexanol. For an improved method 
see under Benzaldehyde. [Voorhees with Adams, J. Am. Chem. Soc., 1922, 44, 1404.] 

2106. Anisol to methoxy-cyclohexane. Gas phase : below 150° : nickel catalyst. 
C Brunei. Ann. Chim. Phys ., 1905 (8), 6, 205; Sabatier and Senderens, Bull. Soc. Chim., 
1905 (3), 33, 616.] In this reaction there are produced small quantities of cyclohexane 
and of methanol. Above 300° the hydrogenation of the aromatic nucleus is suppressed, 
as usual, and the molecule is split, yielding methane, phenol, benzene, methanol. 

(1) C JL O CH, + H, = CHi + C.H* OH 

(2) CJL O CH, + H, = C 6 H. + CHi-OH. 

[Sabatier and Senderens, Bull. Soc. Chim., 1905 (3), 33, 616; Mailhe and Murat, Bull. 
Soc. Chim., 1912 (4), 11, 122.] 

2107. Cinnamic alcohol to cyclohexylpropanol. No solvent : platinum-black cata- 
lyst : quantitative yield. [Waser, Helv . Chim. Acta, 1925, 8, 117.] 

1 The higher the temperature the larger the yield of cyclohexanone. If the mixed product 
obtained by operating at 220° -230° C. is passed over a dehydrogenating catalyst (such as 
copper at 300° C.), practically pure cyclohexanone is obtained. 

* U. S. Pat. 1.247,629, Nov. 27. 1917. 

* Ger. Pat. 444.665. Jan. 19, 1919, to Riedel. 
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2108. Cresols. o-Cresol over nickel at 200°-220° gives o-methyl-cyclo-hexanol (90 
per cent yield), with a small amount of ketone, which can be removed as the sodium 
bisulphite compound. 

2109. m-Cresol, in the same conditions, gives a mixture of the alcohol and ketone. 
On hydrogenating this mixture at 180° the product is almost pure m-methyl-cyclo- 
hexanol. 

2110. p-Cresol at 200°-230° hydrogenates readily to p-methyl-cyclohexanol, with 
a trace of the ketone. [Sabatier and Mailhe, Compt. rend., 1905, 140, 350.] 

2111. Godchot and Bedos HCompt. rend., 1922, 174, 461; Bull. Soc. Chim., 1925, 37, 
1451], showed that the product of Sabatier and Mailhe differed from that obtained 
by the action of magnesium methyl iodide on cyclohexene oxide. 

2112. For the isomerism of the methylcyclohexanols prepared by different methods 
see Gough, Hunter and Kenyon, J. Chem. Soc., 1926, 129, 2052.] 

2113. Adipic esters are obtained from hydrogenated cresols by oxidation and esterifi- 
cation. 4 

2114. Xylenols (dimethyl-phenols) vary in their amenability to hydrogenation. 
1, 3-Dimethyl-phenol (4) over nickel at 190°-200°, gives an excellent yield of 1, 3- 
dimethyl-cyclohexanol (4), with a little ketone and some meta-dimethyl-benzene. 

2116. 1, 4-Dimethyl-phenol (2), in the same conditions, yields 10 per cent of ketone, 
otherwise it hydrogenates regularly to 1, 4-dimethyl-cyclohexanol. But, on the con- 
trary, the principal product of the hydrogenation, in the stated conditions, of 1,2- 
dimethyl-phenol (4) is ortho-dimethyl-benzene (67 per cent), only 25 per cent is the 
cyclohexanol, and there is 8 per cent of ketone. [Sabatier and Mailhe, Compt. rend., 
1906, 142, 553.] 

2116. Xylenol (symm-meta-) to dimethylcyclohexanol. In neutral solution : nickel 
catalyst, [v. Braun and Haensel, Ber., 1926, 69B, 1999; Chem. Abst., 1927, 21, 230.] 

2117. Diethyl-phenol to diethyl-cyclohexanol. Gas phase : below 160° : active 
nickel catalyst. [Henderson and Boyd, J. Chem. Soc., 1911, 99, 2159.] 

2117A. Paraisopropylphenol is easily hydrogenated in presence of nickel at 150° C. 
to paraisopropylcyclohexanol. [von Braun and Werner, Ber., 1929, 62B, 1050]. 

2118. Hydrogenation of Phenols to Enol Forms. 4 Catalytic hydrogenation of 
phenol in cyclohexanol solution w'ith nickel catalyst yields only the enol form of cyclo- 
hexanone. (Note. — The possibility of formation of cyclohexanone from the solvent by 
dehydrogenation was eliminated by the temperature control). Similarly were obtained 
the enol of paramethyl-cyclohexanone and of carvomenthone. 

2119. It appears that reduction of phenols occurs by addition of hydrogen at the two 
double linkages not contiguous to the hydroxyl group. The resulting enol then ketonizes 
or is reduced to the secondary alcohol. 

2120. Grignard and Mingasson standardize their procedure, using pumice-supported 
nickel (from the hydroxide) at 280°-300° and cyclohexanol as the solvent for the phenol. 
For each pressure studied, there is a critical temperature at which cyclohexanol is dehy- 
drogenated to cyclohexanone: 18-22 mm., 155°, and 760 mm., 180°. It is indicated 
that the non-con tiguous double linkages are first hydrogenated to give the enol of the 
corresponding cyclohexanone. This enol is tautomerized when it is isolated but takes 
up hydrogen to give cyclohexanol when the hydrogenation is prolonged. If the hydro- 
genation is carried out at a temperature higher than the critical temperature, cyclohexa- 
none is obtained by secondary decomposition. 1 

2121. An iso 1 to methoxycyclohexane with some methanol and cyclohexane. Gas 
phase : below 150° : nickel catalyst. [Brunei, Ann. Chim. Phys., 1905 (8), 6 , 205; 
Sabatier and Senderens, Bull. Soc. Chim., 1905 (3), 33, 616.] 

4 U. S. Pat. 1,643,619, Sept. 27, 1927, to Claasen. Cf. French Pat. 32.991. Feb. 4, 1927 
(addition to 611,624) to same patentee; Ger. Pat. 473,960, Feb. 13, 1926 to Deutsche 
Hydrierwerke A.-G. 

‘Grignard and Mingasson, Compt. rend., 1927, 18A, 1552; Brit. Chem. Abat., 1928, 178A. 

• Chem. Abet., 1928, 22, 948. 
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2121A. Waaer, Sommer, Landweer and Gaza (Helv. Chim. Ada , 1929, 12, 418; Brit. 
Chem. Abst ., 1929, 691 A), hydrogenated phenol and naphthol ethers in acetic acid solu- 
tion in presence of platinum black. With phenol ethers there occurred a one-third 
conversion to the cyclohexyl derivative, C#HuOR. Other products were the hydro- 
carbon R H and cyclohexanol, the phenol R OH and cyclohexane. Cyclohexanone 
was an intermediate product. 

2122. By Ipatiev’s method at 240° and 100 atmospheres, an iso 1 is converted into 
hexahydroanisol (40 per cent) and some cyclohexanol and cyclohexane. CIpatiev and 
Lougovoy, J. Russ. Phys. Chem. Soc., 1914, 46, 470.] 

2123. Alkyl-isopropylene phenols to alkyl-isopropyl phenols or the corresponding 
cyclohexanols. Liquid phase : high pressure and temperature. 7 By this method are 
obtained thymol and menthol from 3-methyl-6-isopropylene phenol. 

2124. Ortho-allylphenol to ortho-propy 1-phenol. Acetic acid solution : platinum cata- 
lyst. On protracted hydrogenation one gets a mixture of 2-propylcyclohexanols (mostly 
the a«-form) with about 25-30 per cent propylcyclohexane, 2-propylcyclohexanone 
is an intermediate stage (as shown by hydrogenation of the latter as starting material). 
Propylcyclohexanone oxime in aqueous hydrochloric acid, with platinum-black is hydro- 
genated to 2-propylcyclohexyl-0-hydroxyl-amine: the semi-carbazone yields 2-propyl- 
cyclohexylsemicarbazide. For the bearing of these observations on the problem of 
steric hindrance the original article and the others of the series should be consulted. 
CVavon and Anziana, Bull. Soc. Chim. 1927 (iv), 41, 1638; Brit. Chem. Abst ., 1928, 
166A.] 

2126. Acetone and meta-cresol (condensation product) to thymol and stereisomeric 
menthols. Acetone and para-c resol (condensation product) to 4-methyl-O-isopropyl- 
cyclohexanols. Nickel catalyst : 280° C. : hydrogen under pressure. 1 

2126. The etheric condensation products of an alkylated phenol with a phenol hydro- 
genated at a higher temperature than usual until 4 or 16 hydrogen atoms are taken up. 
This is a generalized statement of the hydrogenations described in the foregoing para- 
graph* 

2127. Another proposal 10 involves: (1) preparation of thymol, menthol or isomers 
by hydrogenating dimethylcoumarane at 250° C. in presence of carbonates of nickel, 
cobalt and copper; (2) the production of isopropylnaphthol, naphthol, isopropyl- 
naphthalene and naphthalene by hydrogenation of the condensation product of ar-naph- 
thol with acetone at 280°-320° C., in presence of nickel catalyst. 

2128. Directive Modification of Catalysts for Hydrogenation of Alkylated Phenols. 11 
Catalytic hydrogenation of the condensation products of ketones with phenols yields 
alkylated phenols or cyclohexanols according to the activity of the catalyst, which may 
be adjusted by the addition of bismuth for retardation or of manganese for activation. 
4 : 4'-Dihydroxy-00-diphenylpropane, treated with hydrogen at 10-20 atmospheres in 
presence of nickel catalyst containing 3-10 per cent bismuth at 160°, yields p-hydroxy- 
cumene and phenol. Similarly the product from o-cresol and acetone yields 6-hydroxy- 
m-cymene and o-cresol. With a nickel catalyst containing 1-8 per cent manganese the 
corresponding cyclohexanols are obtained. 12 

2 128 A. 1 : 2 : 3 : 4-Tetrahydrodiphenylene oxide, on hydrogenation in presence of 
a platinum-palladium catalyst, yields hexahydrodiphenylene oxide. CEbel, Helv. Chim. 
Ada, 1929, 12, 3; Brit. Chem. Abst., 1929, 450A.] 

T Brit. Pat, application 273,685, convention date June 29, 1926, by Chem. Fabr. auf Akt., 
vorm. E. Schering; Chem. Age (London), 1927, 17, 222. 

• Brit. Pat. application 280,924, convention date Nov. 16, 1926 (addition to 276,010), to 
8chering-Kahlbaum, A.-G.; Chem. Age (London), 1928, 18, 85. 

•Brit. Pat. application 280,956, cond. date Nov. 22, 1926, to Schering-Kahlbnum, A.-G.; 
Chem. Age (London), 1928, 18, 85. 

10 Brit. Pat. application 293,001, convention date June 29, 1927, to the same patentee. 

11 Brit. Pat. 254,753, July 5, 1926 to Chem. Fabr. auf Aktienvorm. E. Schering. 

“ Brit. Chem. Abet., 1928, 740B. 
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2129. Resorcin (meta-dioxybenzcne, phenodiol (1, 3)) in the gas phase at 200°, over 
nickel, gives phenol and benzene with some cyclohexanol and cyclohexane, but no appre- 
ciable amount of cyclohexadiol (1, 3). ^Sabatier and Senderens, Ann. Chim. Phys ., 1905 
(8), 4, 428.] Even at lower temperatures (130°) the regular hydrogenation is difficult, 
on account of the slight volatility of resorcin. Nevertheless, by operating at 130°, small 
amounts of hexadiol (1, 3), m.p. 65°, have been obtained. CSabatier and Mailhe, Compl. 
rend., 1908, 140, 1193.] 

2130. 1-Alkyl-dihydroresorcinols to l-alkyl-cyclohexanones (3). Acetone or alco- 
hol solution : palladium on charcoal catalyst. Thus isopropyl-dihydroresorcinol to 
1-isopropyl-cyciohexanone (3). 11 

2131. Resorcinol monoisoamyl ether to 3-hydroxycyclohexyl isoamyl ether. Saba- 
tier’s method. £von Braun, Haensel and Zobel, Ann., 1928, 462, 283.] 

2132. Guaiacol, pyrocatechin-methyl-ether, hydrogenated by Ipatiev’s method, with 
“ nickel oxide ” catalyst, at 220°-240° and 100 atmospheres, gives hexahydroguaiacol 
with some cyclohexanol and cyclohexane. CIpatiev and Lougovoy, J. Russ. Phys. 
Chem. Soc., 1914, 40, 470.] 

2133. Pyrogallol Cbenzene-triol (1, 2, 3)] to cyclohexatriol (1, 2, 3), m.p. 67°. Gas 
phase in brisk current of hydrogen : 120°-130° : active nickel catalyst. ^Sabatier and 
Mailhe, Compt. rend., 1908, 146, 1193.] 

2134. In general, the production of the corresponding cyclic compound (polyhydroxy- 
cyclohexanes) from polyphenols by catalytic hydrogenation is difficult. At high tem- 
peratures the principal products are benzene and phenol, with some cyclohexanol and 
cyclohexane. ^Sabatier and Senderens, Ann. Chim. Phys., 1905, (8), 4, 429.] 

2136. Carvacrol to hexahydrocarvacrol. Gas phase : 195°-200° : nickel catalyst. 
^Brunei, Compt. rend., 1903, 137, 1268.] 

2136. Hexahydroxybenzene to inosite (m.p. 218°). Aqueous suspension : 50°-55° : 
palladium-black catalyst. CWieland and Wishort, Ber., 1914, 47, 2082.] 

2137. a-Ethoxystyrol, C«H*-C(OCiH») : CHj, to a-phenylethyl ethyl ether, CeH** 
CH(OCiH*)CHj. Absolute ethanol solution : palladium-black. 

2138. 1-Methoxy-cyclohexene-l (cyclohexenyl-methyl ether) to hexahydroanisol 
(cyclohexyl-methyl ether). Absolute ether solution : palladium-black; carefully dried 
hydrogen. ^Wieland and Garbsch, Ber., 1926, 59B, 2490.] 

2139. Phenetol to ethoxy-cyclohexanol. Gas phase : below 150° : nickel catalyst. 
CSabatier: Catalysis. 464.] 

2140. Hydrogenation of unsaturated tertiary alcohols from cyclohexylidene-cyclo- 
hexanol, with Voorhees- Adams platinum oxide catalyst. l-Methyl-2-cyclohexylidene- 
cyclohexanol to l-methyl-2-cyclohexyl-cyclohexanol. l-Ethyl-2-cyclohexylidenc-cyclo- 
hexanol to l-ethyl-2-cyclohexyl-cyclohexanol. From the two unsaturated and from the 
last-mentioned saturated tertiary alcohols, unsaturated hydrocarbons were produced 
by dehydration by heating with phthalic anhydride. The two hydrocarbons from the 
unsaturated alcohols were hydrogenated. 

2141. l-Mcthyl-6-cyclohexylidene- A' -cyclohexene gave l-methyl-2-cyclohexyl-cy- 
clohexane (15.45 g. substrate, 250 cc. alcohol, 1 g. catalyst), l-ethyl-6-cyclohexyli- 
dene-A'-cyclohexene gave l-ethyl-2-cyclohexyl-cyclohexane (12.7 g. substrate, 250 cc. 
alcohol, 1 g. catalyst. CGarland and Reid, J. Am. Chem. Soc., 1925, 47, 2333.] 

2142. 2-cyclohexenylcyclohexanol to a mixture of cis- and /rans-2-cyclohexylcyclo- 
hexanols. 

2143. 2-cyclohexylcyclohexanone gives the same mixture. CBedos, Bull. Soc. Chim., 
1926 (iv), 39, 473.] 

2144. o-o'-diphenol to hexahydrodiphenylcne oxide. Base metal catalyst (nickel at 
225°-230°) with hydrogen under pressure. 14 

2145. Hydroxydiphenyls to cyclohexylcyclohexanols. Catalytic perhydrogenation 
of p-hydroxy-diphenyl in presence of platinum-black yields two isomerides identical with 

14 Seifert, Ger. Pat. 389,851. 

14 Riedel, A.-G., Ger. Pat. 373.850, 1921. 
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those obtained from o-cyclohexylphenol by Schrauth and G6rig. Perhydrogenation of 
o-hydroxydiphenyl yields a cyclohexylcyclohexanol having b.p. 172°-177°/75 mm., 
m.p. 63°. By oxidation a ketone is obtained identical with that obtained by Schrauth 
and Gdrig from the oxidation of the above isomerides. CRanedo and L6on, Anal. FIs. 
Quim., 1924, 22, 222; J. Chem. Soc. Abst., 1924, i, 849.] 

2146. Ortho-hydroxydiphenyl to 2-cyclohexylcyclohexanol (cis- form only). Plati- 
num-black catalyst. CVavon and Mitchovitch, Compt. rend., 1928, 186, 702; Bril. Chem. 
Abst., 1928, 516A.] 

2147. Parabenzylphenol to 4-ben zy Icy clohexanol. Under pressure above 200° C. : 
nickel catalyst. Similarly 4-ben zylphenol or 4-ben zyl-cy clohexanol to 4-hexahydro- 
benzylcyclohexanol. £v . Braun, Bayer and Cassel, Ber., 1927, 60B, 2602.] 

2148. l-Methyl-2-cyclohexylidene-cyclohexanol to l-methyl-2-cyclohexyl-cyclohex- 
anol. See para. 2140. 

2149. l-Ethyl-2-cyclohexylidene-cyclohexanol to l-methyI-2-cyclohexyl-cyclohex- 
anol. 95 per cent ethanol : Adams’ platinum-black catalyst. CGarland and Reid, 
J. Am. Chem. Soc., 1925, 47, 2338.] Sec para. 2140. 

2160. Hydrogenated Dihydroxydiphenylmeth&ne Compounds. 15 4-Hydroxy-3- 
methylcyclohexyl-4-hydroxy-3-methylphenyldimethylmethane is obtained from di(4- 
hydroxy-3-methylphenyl) dimethylme thane, by treatment with hydrogen under pres- 
sure at 150°-170° C. in presence of nickel or other hydrogenating catalyst. Other simi- 
lar hydrogenations are described. 11 

2161. p-Dihydroxydiphenylmethylmethane to p-ethylphenol and phenol. Under 
pressure : nickel catalyst containing bismuth. With nickel catalyst containing man- 
ganese the products are 4-ethylcyclohexanol and cyclohexanol. 17 

2162. p-Dihydroxydiphenylmethane gives either p-c resol and phenol, or 4-methyl- 
cyclohexanol and cyclohexanol. 17 

2163. p-Dihydroxytriphenylmethane gives p-ben zylphenol and phenol with nickel 
catalyst containing bismuth. 17 

2164. Triphenylcarbinol to tricyclohexylmethane with some dicyclohexylmethane, 
dicyclohexyl and methane. 

2166. 9-Phenylfluorenyl alcohol to perhydro-9-phenyl fluorene. Ipatiev’s method 
at 275° C. Opatiev and Dolgov, Compt. rend., 1926, 183, 304.] 

2166. Para-hydroxytriphenylcarbinol to phenol, diphenylmethane, para-hydroxy- 
triphenylmethane. Ipatiev’s method : 80-100 atmospheres : 220° : in cyclohexanol : 
nickel oxide. At 280° the chief product is dicyclohexylmethane, while at 320° some 
tricyclohexylmethane, methane, are also produced. 

2167. Para-hydroxytriphenylmethane at 270°-275° gives tricyclohexylmethane. 

2168. Para-hydroxydiphenylmethane at 100 atmospheres and 250°-260° C. gives 
dicyclohexylmethane. CIpatiev and Delgov, Compt. rend., 1927, 186, 1484; Bril. Chem. 
Abst., 1928, 169A.] 

2169. p-Hydroxytethiphenylmethane to cyclohexanol, dicyclohexylmethane and 
phenyldicyclohexylmethane. Ipatiev’s method : nickel oxide catalyst : 275°-285° C. : 
80-100 atmospheres hydrogen pressure. CIpatiev and Dolgov, Compt. rend., 1927, 186, 
210 .] 

2160. Naphthols. o-Naphthol to decahydro-cr-naphthol, m.p. 62°, by hydrogena- 
tion in the gas phase, over nickel, in two stages, at 170° and at 135°. 

2161. 0-naphthol, similarly, to decahydro-/9-naphthol, m.p. 75°, in two stages, at 
170° and then at 150°. CLeroux, Compt. rend., 1905, 141, 953; Ann. Chim. Phys., 1910, 
(8), 21, 483.] 


11 U. S. Pat. 1,593,080, July 20, 1926, to Jordan. 

11 In U. 8. Pat. 1,593,081 of samo date, to same patentee, description is given of further 
hydrogenation of these compounds to produce perfume bases. 

17 Brit. Pat. 274,439, July 14. 1926, to Chem. Fab. auf Akt. vorm. E. Schering; Chem. 
Abst., 1928, 22 , 1982. C/. para. 1849. 
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2162. By Ipatiev’s method, with “ nickel oxide ” catalyst, at 250° and 120 atmos- 
pheres, the decahydronaphthols are obtained. Clpatiev, J. Russ. Phys. Chem. Soc ., 
1907, 39, 693; Chem. Abst., 1907, 1, 2877; Ber ., 1907, 40, 1281.] 

2163. Beta-naphthol to tetrahydro-beta-naphthol (3 hours) and decahydro-beta- 
naphthol (5 hours). Liquid phase at 190°-200° C. under 10-30 atmospheres hydrogen 
pressure : catalyst, mixed carbonates of nickel, cobalt and copper. 11 

2164. 4-Cyclohexyl-or-naphthol to 4-cyclohexyldecahydro-a-naphthol. Solution in 
hexahydrotoluene : 210° C. : 27 atmospheres : nickel : forty minutes. From this by 
dehydration l-cyclohexyl-A<-octahydronaphthalene results, which on hydrogenation at 
160° C. and 25 atmospheres yields ar-cyclohexyldecahydronaphthalene. 

2166. 2-CycIohexyl-ar-naphthol hydrogenated at 180° and 25 atmospheres for thirty 
minutes yields 2-cyclo-hexyldecahydro-a-naphthol. Using a regenerated catalyst at 
215° C., at 26 atmospheres, for twenty-five minutes, another form, of lower melting- 
point, is obtained which, after dehydration and re-hydrogenation, gives 0-cyclohexyldeca- 
hydronaphthalene. 

2166. l-Cyclohexyl-0-naphthol gives /9-cyclohexyl decahydronaphthalene. 6-cyclo- 
hexyl-0-naphthol gives 6-cyclo-hexyl decahydro-/9-naphthol. 

2167. a7-Tetrahydro-3-cyclohexyl-/3-naphthol hydrogenates to a resin. CAlberti, 
Annalen , 1926, 460, 304; Chem. Abst., 1927, 21, 1114.] 

2168. 1:2:3: 4-Tetrahydronaphthalene-l : 2-oxide on catalytic reduction yields 
only tetrahydro-/9-naphthol. CKdtz and Hoffmann, J. prakt. Chem., 1925, 110, (ii), 101.] 

Ketonic Compounds 

2169. Acetophenone to ethylcyclohexane. Alcohol, ether, ethyl acetate or acetic 
acid solution : platinum-black catalyst (with aqueous alcohol methylphcnylcarbinol is 
obtained.) CVavon, Compt. rend., 1912, 166, 287.] The same result is obtained in the 
gas phase at 180° C., with active nickel catalyst. [[Sabatier: Catalysis. 466.] 

2170. Tetrahydroacetophenone CH| CO C*H| to hexahydro-acetophenone. Gas 
phase : 160° : nickel catalyst. CDarzens and Rost, Compt. rend., 1910, 161, 758.] 

2171. Cyclohexenone, under 2 atmospheres pressure, with colloidal palladium cata- 
lyst, takes up Ht to form cyclohexanone. CWallach, Anncden, 1904, 336, 37.] 

2172. Dibenzyl-ketone to symmetrical dicyclohexyl-propane. Gas phase : 175° : 
active nickel catalyst. CSabatier and Murat, Compt. rend., 1912, 166, 385.] 

2172A. 3 : 5-Diphenylcyclohexenone, with Ipatiev’s technique, at 240° C., under 
50 atmospheres of hydrogen, with nickel oxide catalyst, yields two isomeric 1 : 3-dicyclo- 
hexylcyclohexanes. [Tetrov, J. Russ. Phys. Chem. Soc., 1928, 60, 1441, and Ber., 
1929, 62B, 642; Brit. Chem. Abst., 1929, 316A and 551A.] 

2173. Distyryl ketone to di-/9-phenylethyl ketone : benzene solution : 170°-180°C. : 
70-100 atmospheres : 15 per cent nickel oxide. Maximum yield (60 per cent) was ob- 
tained in 15 per cent solution. The yield in alcohol solution is less : in cyclohexane solu- 
tion the reduction fails. But the product, di-/9-phenylethyl ketone, in cyclohexane solu- 
tion is hydrogenated to aedicyclohexylpentane. Clpatiev and Orlov, Bull. Soc. Chim., 
1927, 41 (iv), 862.] 

2173A. Catalytic reduction of cyclo-pentadienebenzoquinone gives tetrahydro- 
dicyclopentadienebenzoquinone. £Stau dinger, Ann., 1928, 467, 73.] 

2174. Accnaphthenequinone to CiiHn0 4 , a quadrivalent alcohol. In suspension in 
J per cent aqueous sodium hydroxide : (or suspension in ammonia of equivalent 
strength) : colloidal platinum catalyst, with gelatin protective colloid : 3 atmospheres 
hydrogen pressure : 50° C. : shaking. CSkita, Ber., 1927, 60, 2525.] 

2176. Acenaphthenequinone to CjJLeO^ Acid solution : colloidal platinum cata- 
lyst. (Idem, Ber., 1925, 68, 2697.] See also: v. Braun and Bayer. Catalytic hydro- 
genation of acenaphthenequinone under pressure in presence of nickel. Ber., 1926, 59B f 

“Ger. Pat. 444,665, Jan. 19, 1919, to Riedel. 
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920; Chem. Abst., 1926, 20, 2852. Products were: acenaphthene, tetrahydroacenaph- 
thene, acenaphthenone, acenaphthylene, and acenaphthenol. 

2176. Anthraquinone to tetrahydroanthraquinone. Suspension in decalin or tetra- 
lin : nickel catalyst : 75° C. : hydrogen pressure 50 atmospheres. CSkita, Ber. t 1927, 
60, 2526.] At 90° C. hexahydroanthraquinone is produced. [/bid.] At 150° C. and 
under 150 atmospheres hydrogen pressure, octahydroanthraquinone results. £/Wd.] 

2177. Alkylated Anthraquinones. Hydrogenated under Pressure with Nickel 
Catalyst 19 1 : 4-Dimethylanthraquinone in decalin at 180° C. gives 1 : 4-dimethyl- 
1:2:3: 4-tetrahydroanthranol (and a little 1 : 4-dimethyl-(?)l : 4-dihydroanthranol) 
The tetrahydroanthranol is hydrogenated further to 1 : 4-dimethyl-l : 2 : 3 : 4 : 5 : 6 : 
7 : 8 octahydroanthranol and, finally, to 1 : 4-dimethyl-l :2:3:4:5:6:7:8 octa- 
hydroanthracene. 

2178. 1-Methyl-anthraquinone yields (?) 1-methyl-l : 2 : 3 : 4-tetrahydro-9-anthra- 
nol and then 1-methyl-l :2:3:4:5:6:7: 8-octahydroanthracene. 

2179. 2-Methylanthraquinone gives, first (? a mixture of isomeric) 2(3)-methylan- 
thranol, then a mixture of 10 per cent 2-methylanthracene, of the reduction products of 
this and of 2 (3)-methyltetrahydroanthranols. 

2180. In an earlier paper ZBer., 1926, 59B, 914] v. Braun and Bayer reported that 
1-methyl-anthraquinone in decalin solution, at 150°-170° C., was catalytically reduced 
to a-methyl-an throne, with 70 per cent yield. 10 

2181. Anthraquinone and its derivatives are treated with hydrogen at an elevated 
temperature and pressure and in presence of a catalyst. In this manner, anthrone, 
tetrahydroanthranol, octahydroanthranol, 1 : 4-dimethyianthranol, 1 : 4-dimethyl-tetra- 
hydroanthranol, 1 : 4-dime thy l-decahydro-anthracene, 2 : 3-tetramethylene-anthranol, 
2:3:6: 7-bis-tetramethylene-a-naphthoi, tetrahydronaphthacene, 0-hydroxy -octa- 
hydroanthranol, af-amino-0-methyl-anthraquinone and other compounds can be ob- 
tained, the degree of hydrogenation depending on the quantity of hydrogen. 11 

2181A. Benzanthrone treated with hydrogen under pressure, with a nickel catalyst 
at 120° C., yields tetrahydrobenzanthrone. ,la With increase of temperature to 160-200°, 
four more atoms of hydrogen are taken up, giving CitHuO. Above 200° C. a hydro- 
carbon CitHu is eventually obtained. 116 

2182. Hydrogenation of phenanthraquinone proceeds similarly to that of anthra- 
quinone, affecting first the quinone complex and subsequently one side nucleus after the 
other. Differences are found in the possibility of so moderating the reduction of phenan- 
thraquinone that phenanthraquinol in addition to 9-phenanthrol can be isolated, thus 
clearly establishing the first step in the action. Also, owing to the lower stability of the 
hydrogenated derivatives of phenanthrene in comparison with those of anthracene, the 
individual products are obtained in lower yield, and it is not possible to trace the several 
phases of the change in so quantitative a manner. Phenanthraquinone dissolved in deca- 
hydronaphthalene readily absorbs 2 atomic proportions of hydrogen at 160°, yielding 
9-phenanthrol and phenanthraquinol. Further hydrogenation occurs only at a much 
higher temperature and after 8 atomic proportions of hydrogen have been absorbed, gives 
a mixture of di- and tetra-hydrophenanthrol. This compound is probably a mixture 
of 2 isomeric forms, although this view is not supported by its definite melting-point and 
non-separability by solvents. More complete hydrogenation of phenanthraquinone or 
9-phenanthrol affords a mixture of octahydrophenanthrene and octahydrophenanthrol. 

2183. Technical benzanthrone is readily purified by recrystallization from decahydro- 
naphthalene and in this solvent absorbs 4 atomic proportions of hydrogen at 160°, a 

19 v. Braun, Bayer and Fieser, Ann., 1927, 469, 287. 

10 Chem. Abat., 1926. 20, 2851. 

11 Brit. Pat. 248,759, to I. G. Farbenind. A.-G., assignees of J. D. Riedel, A.-G.; conven- 
tion date, Mar. 3, 1925; Chem. Aqz (London), 1925, 14, 363. 

S1 * Ger. Pat. 453,578, to Leopold Cassella A Co., G. m. b. H. (Bayer inventor). 

1! * Ger. Pat. 473,456, Dec. 4, 1925 to the same patentees. 
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further 4 somewhat more slowly at 200°, and the final 2 at 250°. [von 
Braun and Bayer, Ber., 1925, 68, 2667; Brit. Chem. Abstracts , 1926, 
172A. See also Chem. Abst ., 1926, 1403. 3 1 : 9-Trimethylene-5 : 6 : 
7 : 8-tetrahydroanthranol, is obtained together with 1 : 9-trimethy- 
lene-5 : 6 : 7 : 8-tetrahydroanthracene at 180°-200 o ; at 250°, the 
hydrocarbon is practically the sole product of the change, even when 
the reaction is very prolonged. CIn naming these derivatives, it does 
not appear possible to express the genetic relationship to benzan- 
throne in any simple manner, and von Braun and Bayer treat them 
as substituted anthracene derivatives in which the fourth ring is 
1 : 9-trimethyleneJ 

2184. Phenanthraquinone in the presence of glacial acetic acid, concentrated hydro- 
chloric acid, chloroplatinic acid, colloidal platinum, and water at 50°-60° yields 9 : 10- 
dihydroxydecahydrophenanthrene. If the mineral acid is omitted, the reaction termi- 
nates with the production of 9 : 10-dihydroxy-9 : 10-dihydrophenanthrene. 

2185. Anthraquinone in acid solution in the presence of colloidal platinum affords 
octahydroanthraquinol, m.p. 242°, which is converted by the action of air on its solution 
in benzene or acetone into octahydroanthraquinone, m.p. 183°. It is remarkable that 
the hydrogenation of anthraquinone under these conditions does not invariably proceed 
to the production of the octahydroanthraquinol, but sometimes ceases when tetra- or 
hexahydroanthraquinol has been produced. The phenomenon appears to depend on 
the size of the colloidal platinum particles. The isolation of tetrahydroanthraquinol, 
decomp, (indef.) 206°-216° (acetate, m.p. 204°-206°), is effected with certainty if 
mineral acid is omitted from the mixture. Certain reduction to the hexahydroanthra- 
quinol stage is effected by careful regulation of the quantities of hydrochloric acid and 
platinum. 

2186. Reduction of 2-methylanthraquinone in the presence of mineral acid affords 
2-methyl-l :2:3:4:5:6:7: 8-octahydroanthraquinol, m.p. 193°. Similarly, 2- 
aminoanthraquinone yields 2-amino-octahydroanthraquinol. 

2187. Hydrogenation of acenaphthenequinone under the conditions described for 
anthraquinone proceeds with unusual ease, and if reaction is stopped after the absorp- 
tion of 10 atomic proportions of hydrogen, gives a mixture of products from which the 
following compounds are isolated : a dihydroxy tetrahydroacenaphthene, hexahydroace- 
naphthene, CuHu more highly hydrogenated acenaphthenequinones from which indi- 
vidual substances could not be isolated; and a substance, C14H10O4, m.p. 206°. lf CSkita, 
ct al. t Ber., 1925, 68B, 2685 J 

2188. Xanthone, Hydrogenation under Pressure with Nickel Catalyst” Xanthone 
is very rapidly hydrogenated at about 200° mainly to xanthene. Further addition of 
hydrogen (8 atoms) leads to a mixture of xanthone, xanthene, hexahydroxanthene, and 
products richer in hydrogen from which a homogeneous material can be isolated with 
great difficulty. It is therefore preferable to continue the action until all the xanthene 



has been reduced; hexahydroxanthene, CgH 



eHg, and (?) tetrahydroxanthene, 


are then readily isolated. Further hydrogenation at 220°-230° affords dodecahydroxan- 
thene, and o-hexahydrobenzylcyclohexanol, which may be a mixture of cis- and trans - 
isomerides. Still further hydrogenation increases the yield of o-hexahydrobenzylcyclo- 
hexanol, but causes also production of dodecahydrodiphenylmethane.” 

2189. Preparation of Hydrogenated Polynuclear Quinones. Polynuclear quinones 
and their derivatives are catalytically hydrogenated, and the resulting nuclear-hydro- 
genated quinols (glycols) are oxidized. 11 


n Brit. Chem. Abst., 1926, 173A. 
u von Braun and Bayer, Ber., 1926, 69B, 2317. 

* 4 Brit. Chem. Abst., 1926, 1253 A. Cf. para., 1977. 

u French Pat., to Skita, 594,291, Mar. 2, 1925; Brit. Chem. Abst., 1927, 398B. 
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NUCLEAR HYDROGENATION IN SIX-MEMBERED RINGS 

Acids, Salts and Esters 

2200. Benzoic Acid. Hydrogenated by Ipatiev’s method alkali benzoates give 
hexahydrobenzoate. E.g., potassium benzoate at 280°, with nickel oxide catalyst, in 
nine hours gives 40 per cent of potassium hexahydrobenzoate. Sodium benzoate is even 
more readily hydrogenated. Reaction goes better in two stages: Yield, 60 per cent. 
CIpatiev and Philipev, Ber., 1908, 41. 1001.] 

2201. Sodium, potassium, lithium, calcium, and barium benzoates are converted into 
the corresponding hexahydrobenzoates when mixed dry with nickel oxide and heated 
under high pressure in an atmosphere of hydrogen at 275°-300°. Under similar condi- 
tions, zinc, nickel, and ferrous benzoates undergo profound change, yielding gaseous 
products containing much methane and carbon dioxide and an intensely red sublimate 
which has not been investigated fully. Sodium salicylate is very readily hydrogenated, 
with loss of the carboxyl group and formation mainly of cyclohexanol; salicylic and 
p-hydroxy ben zoic acids are much more slowly reduced, giving homogeneous cyclohexanol 
unaccompanied by cyclohexanone. Mandelic acid is not hydrogenated, owing to the 
ease with which it yields resinous compounds, whereas sodium mandelate loses its ali- 
phatic hydroxyl group and becomes converted into phenylacetic acid, which suffers par- 
tial reduction to cyclohexylacetic acid. 1 CIpatiev and Rasuvajev, Ber., 1926, 59, 306 
(cf. Ibid., 2028; Brit. Chem. Abst., 1926, 1138A); J. Russ. Phys. Chem. Soc., 1926, 58, 122.3 
The work reported in the later paper showed that the reactions: 

2RCO,Na + 4Hj = 2RH + CH 4 + Na,CO, + H,0 

and 

C.H»CO,Na + 3Hj = C.HuCO,Na 

are more complete in the presence than in the absence of water. 

2202. With colloidal palladium, under 2 atmospheres pressure, benzoic acid, in acetic 
acid solution, is hydrogenated to hexahydrobenzoic acid. £Skita and Meyer, Ber., 1912, 
45, 3589.3 

2203. Benzoic acid (ethyl ester) to hexahydrobenzoic acid (ethyl ester) with Voor- 
hees- Adams platinum oxide catalyst : 2-3 atmospheres pressure : ethyl benzoate 100, 
ethyl alcohol (95 per cent), 120 cc., 0.4 to 0.5 catalyst : forty-eight hours. CGrey and 
Marvel, J. Am. Chem. Soc. % 1925, 47, 2799J 

2204. Sodium benzoate in ethyl alcohol (95 per cent in the presence of platinum-black 
gives not only sodium hexahydrobenzoate (66 per cent yield) but also ethyl hexahydro- 
benzoate (33 per cent). In butyl alcohol also some, though much less, esterification 
takes place. £Waser, Helv. Chim. Acta , 1925, 8, 117. 3 

2205. Methyl benzoate can be hydrogenated satisfactorily to methyl-cyclohexanol- 
carboxylate, by hydrogenation of its vapor over nickel, “ at a perfectly regulated tem- 
perature below 170° C.” CSabatier and Murat, Compt. rend., 1912, 154, 924.3 

1 Brit. Chem. Abet., 1926 , 400A. 
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2206. Esters of Aromatic Carboxylic Adds: Hydrogenation.* Ring hydrogens 
tion of these esters is effected at moderate hydrogen pressures (25-40 atmospheres) in 
presence of a nickel catalyst (with or without cobalt) and with or without a solvent. 
Acids derived from naphthalene take on hydrogen only at the unsaturated parts of the 
nucleus. Examples: ethyl benzoate to ethyl hexahydrobenzoate; ethyl phenylacetate 
to ethyl hexahydrophenylacetate; methyl salicylate to methyl hexahydrosalicylate; 
diethyl phthalate to diethyl hexahydrophthalate; dimethyl terephthalate to dimethyl 
hexahydroterephthalate; ethyl a-naphthoate to ethyl 5, 6 , 7, 8 -tetrahydro-l-naphthoate; 
ethyl 2, 3-amino-naphthoate to ethyl 5, 6 , 7, 8-tetrahydro-2, 3-amino-naphthoate. 

2207. Catalytic Reduction of Hydroxybenzoic Adds. Reduction of aqueous sali- 
cylic acid by hydrogen and colloidal platinum at 60° yields finally cyclohexanol in 50 
per cent yield. Similarly, m- and p-hvdroxy ben zoic acids yield hexahydro-m- and p- 
hydroxy ben zoic acids, respectively.* 

2208. Salicylic acid, ortho-hydroxy ben zoic acid, to hexahydrosalicylic acid. Plati- 
num oxide catalyst. CAguirreche, Anales soc. espan. fis. quim ., 1927, 26, 313.] 

2209. Hydroxybenzoic acid in acetic acid solution, with platinum-black catalyst is 
hydrogenated to hydroxycyclohexane carboxylic acid. CHouben and Pfau, Ber., 1916, 
49, 2294.] 

2210. 1, 2-Cyclohexanol carboxylic acid to 1, 2-tetralsalicylic acid. Acetic acid 
solution : platinum sponge catalyst : fourteen days : with colloidal platinum, Skita 
method, in seventy-five minutes. 7 - 0 -Carboxyphenyl-n-butyric acid to 7 - 0 -carboxy- 
cyclohexyl-n-butyric acid. Acetic acid solution : platinum sponge catalyst . 4 

2211. a-Hydroxy- 0 -naphthoic acid, 7 : 2-Ci 0 H 6 (OH)COOH, to 1, 2 tetralsalicylic 
acid. Acetic acid solution : platinum sponge catalyst : fourteen days. With colloidal 
platinum (Skita method) this reduction takes place in seventy-five minutes . 4 

2212. Tetralsalicylic acid to hydroxydecalincarboxylic acid. Platinum sponge cata- 
lyst : three weeks . 4 

2213. Ethyl ester of a-tetralone- 0 -carboxylic acid to a mixture: Ethyl decalin- 0 -car- 
boxylates, cis and trans\ a-decalone and a l-hydroxydecalin-2-carboxylic acid. Glacial 
acetic acid solution : platinum sponge : three weeks . 4 

2214. 7 - 0 -Carboxyphenyl-n-butyric acid to 7 - 0 -carboxycyclohexyl-n-butyric acid. 
Acetic acid solution : platinum sponge catalyst . 1 

2216. l-Naphthol-2-carboxylic acid gives l-hydroxy-5 : 6 : 7 : 8 -tetrahydronaphtha- 
lene- 2 -carboxylic acid, which hydrogenates further with difficulty to 1 -hydroxy-deea- 
hydronaphthalene- 2 -carboxylic acid . 1 

2216. Ethyl ester of 1-keto-l : 2 : 3 : 4-tetrahydronaphthalene-2-carboxylic acid 
gives a mixture of ethyl decahydronaphthalene- 2 -carboxylate and ethyl 1 -hydroxydeca- 
hydronaphthalene- 2 -carboxylate . 4 

2217. Meta-hydroxyphenylacetic acid to cyclohexylacetic acid and some 3-hydroxy- 
cyclohexylacetolactone. Glacial acetic acid : platinum-black catalyst. ^Robinson and 
Zaki, J. Chem. Soc., 1927, 2411; Chem. Abst., 1928, 22, 392.] 

2218. Hydrocinnamic esters to esters of /3-cyclohexyl-propionic acid. Gas phase : 
170°-185° : nickel catalyst. CSabatier and Murat, Compt. rend., 1913, 166, 751.] The 
yield was quantitative and the product pure. In this way were prepared the methyl, 
ethyl, propyl, isobutyl esters. 

2218A. Cinnamic acid (sodium salt) to cyclohexylpropionic acid (sodium salt). 
Ipatiev’s method : nickel catalyst : 300°C. : 100 atmospheres. Clpatiev, J . Russ. 
Phys. Chem . Soc., 1909, 41, 1414.] 

* Brit. Pat. 286,201. Feb. 26. 1927. to I. G. Farbenind. A.-G.; French Pat. 649,626, Feb. 
23. 1928, to I. G.; Chem. Abst.. 1929. 23, 2986. 

* BalAs and Kosik. Casopis Ceskoslov. LAk., 1927, 7, 118, 136, 191; Chem. Zentr ., 1928, i, 
1173: Brit. Chem. Abst., 1928, 1005A. 

4 Hdckel and Goth. Ber., 1924, 67B, 1285. 

1 HQckel and Goth, Ber. % 1924, 87, 1285. 
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2219. Ortho-, meta-, and para-toluic acid (esters) to ortho-, meta-, and para-hexa- 
hydrotoluic acid (esters). Gas phase : 180° : nickel catalyst. CSabatier. Catalysis. 
471.] 

2220. Phenylacetic acid (ethyl ester) to cyclohexyl acetic acid (ethyl ester). Gas 
phase : 180° : nickel catalyst. ^Sabatier and Murat, Compt. rend ., 19B, 156, 424.] 
The yield was quantitative and the product pure. Methyl, propyl, isobutyl, and isoamyl 
esters were also prepared. 

2221. o-Phenyleneaceticpropionic acid with Voorhees- Adams platinum oxide catalyst 
to the hexahydro derivatives (probably a mixture of isomerides). 10 g. acid, 150 cc. 
ethyl alcohol (95 per cent, 1 g. catalyst, 50°, 2-3 atmospheres. CHiers and Adams, 1926, 
Ber ., 59B, 162, Chem. AbsL, 1926, 20, 1599; cf. Chem. AbsL, 1926, 20, 376; Heifer, Chem. 
Abst ., 1924, 18, 270, Skita, Ber., 1924, 57B, 1977, Chem. AbsL, 1925, 19, 824.3 

2222. Cyclohexene-acetic acid. The ethyl ester of this acid is converted into ethyl 
hexa-hydrophenyl-acetate, by hydrogenation in the gas phase over nickel at 160°. 
CDarzens, Compt. rend., 1907, 144, 328.3 

2223. Ethyl 3-isoamyloxycyclohexenylacetate to 3-ethylcyclohexyl isoamyl ether. 
Methanol solution : platinum or palladium catalyst. Cvon Braun, Haensel and Zobel, 
Ann., 1928, 462, 283. 3 

2224. Phthalic anhydride to hexahydrophthalic acid (low yield) and hexahydro- 
toluic acid. Platinum oxide catalyst. CAguirreche, Ancdes soc. espah. fls. quim., 1927, 

25, 313.3 

2225. Phthalic acid (potassium salt) to frans-hexahydrophthalic acid (potassium 
salt). Ipatiev’s method : 300° : “ nickel oxide ” catalyst. [Tpatiev and Philipev, 
J. Russ. Phys. Chem. Soc., 1908, 40, 500; Ber., 41, 1001 (1908)3- Some benzoic acid and 
methane are formed. The sodium salt gives the hexahydrobenzoate. 

2226. Phthalic anhydride, 



, to phthalid, C 


CHk 

' H <co> 


Gas phase : 200° : nickel catalyst. The second — CO — is not hydrogenated, even at 
130°, with very active nickel. nEijkman, Chem. Wcekblad., 1907, 4, 191.3 

2227. By Willstatter's method, i.e., platinum-black catalyst aerated, phthalic anhy- 
dride is hydrogenated to hexahydrophthalid, ortho-hexahydrotoluic acid and hexahydro- 
phthalic acids. The aeration is essential : isophthalic acid containing a trace of anhy- 
dride cannot be hydrogenated with a platinum-black catalyst unless it be aerated. 
CWillstiitter and Jacquet, Ber., 1918, 51, 767. 3 

2227A. Hydrogenation of monomethyl orthophthalate with platinum-black cat- 
alyst gives cw-hexahydrophthalate. CVavon and Peignier, Bull. Soc. Chim., 1929, 45, 
293.3 

2228. A*-tetrahydrophthalic anhydride to A*-tetrahydrophthalide. Vapor phase : 
nickel catalyst : 220°-240° C. Similarly all phthalic anhydrides reduced partly in the 
benzene ring will be hydrogenated to phthalides without further hydrogenation in the 
nucleus. CMazza and Di Mase, Gazetta, 1927, 57, 300. 3 

2229. A 2, ®-Dihydrophthalic anhydride in above conditions gave a 50 per cent yield 
of A 20 -di-hydrophthalide. CM azza and Cald, Ibid., 311.3 

2230. A^tetrahydrophthalic anhydride gave A l -tetrahydrophthalide. (Mazza and 
Cremona, Ibid., 318.3* 

2231. 3 c -benzoyl-2 c -phenylcyclopropane-l^-carboxylic acid to ar-phenacyl-0-phenyl- 
propionic acid. Palladized barium sulphate catalyst. 

2232. S'-benzoyl^-phenylcyclopropane-P-carboxylic acid gives the same product. 
CStoermer and Schenck, Ber., 1927, 60B, 2566; Bril. Chem. Abst., 1928, 174A.3 

• This work is summarized in: Atti II congrcaao nar. chim. pura applicata, 1926, 1340. 
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2233. A dimeride, obtained by the vacuum distillation of bis-cinnamylidenemalonic 
acid when subjected, as the sodium salt, to catalytic hydrogenation gives an acid, m.p. 
151°-152° C., regarded as a hexahydro derivative. [[Stobbe, Hensel and Simon, J. prakl. 
Chem. 1925 (ii), 110, 120; J. Chem. Soc ., 1925 (i), 1067.3 

2234. a- and 0-naphthoic acids to dihydronaphthoic acids (eight to nine hours) : 
tetrahydronaphthoic acids (thirty-two hours) : decahydronaphthoic acid (fifty to sixty 
hours). Acetic acid (99 per cent solution : platinum (oxide) black catalyst, CRanedo 
and L6on. Andes soc. espah. Jis. quim., 1927, 25, 421; Chem. Abst., 1928, 22, 777; 
L6on and Charro, Ibid., 1928, 26, 423; Chem. Abst., 1929, 23, 2172J 

2235. Naphthalic acids (sodium salts) are hydrogenated by Ipatiev’s method, using 
copper catalyst at 300° and 100 atmospheres. The alpharacid gives only tetrahydro- 
naphthalene, while the beta-acid hydrogenates successively to the tetrahydro-acid. The 
sodium salt of the ^-tetrahydronaphthoic acid, on further hydrogenation gives a mix- 
ture of decahydronaphthalene and decahydronaphthoic acid (sodium salt). [[Ipatiev, 
J. Russ. Phys. Chem. Soc., 1909, 41, 1414; Ber., 1909, 42, 2 100. 3 

2236. Naphthalic anhydrides can be hydrogenated in acetic acid solution, with a 
platinum-black catalyst, but the catdyst must be aerated from time to time during the 
operation. The products are: tetrahydronaphthalid, hexahydronaphthalid, decahydro- 
acenaphthene, and tetrahydromethyl (1) naphthalene-carboxylic acid (8). [[Willstat- 
ter and Jacquet, Ber., 1918, 51, 767.3 

2237. Abietic 7 acid to dihydroabietic acid. Platinum-black catalyst. The iodine 
value does not decrease with this hydrogenation. This relation also holds between dr 
pimaric acid and dihydropimaric acid. [[Johansson, Arkiv. Kem. Min. Geol., 1917, 6 
(19); J.S.C.I., 1920, 39, 198A.3 

2237A. The same degree of hydrogenation of abietic acid was obtained by Wien- 
haus [[Z. angew. Chem., 1921, 34, 257), by his pupil Lambrecht ( GdUingen Dissertation, 
1920) and by Engelhardt ( Gottingen Dissertation, 1924), using an abietic acid obtained 
by vacuum-distillation. They worked in methyl or ethyl alcohol solution with a palla- 
dium catalyst. 

2237B. Ruzicka and Meyer, and Ruzicka and Schinz [j Helv . Chim. Acta, 1922, 5, 3243, 
were able to hydrogenate an (American) abietic acid to the tetrahydro derivative. 

2238. p-Aminobenzoic acid to p-aminocyclohexane carboxylic acid. Aqueous sus- 
pension : platinum-black catalyst. [[Houben and Pfau, Ber., 1916, 49, 2294.3 

2239. Phenylglycine-o-carboxylic acid to hexahydrophenylglycine-o-carboxylic acid. 
Glacial acetic acid solution : Platinum sponge : 50°-60° : ten to twelve hours. The 
dimethyl- and diethyl-esters undergo the same hydrogenation. [[V6rlander and Kluge, 
Ber., 1926, 59B, 2075J 

2240. Naphthostyril (lactone of pm-amidonaphthoic acid) (or homolog, or substi- 
tution product) to 10 : 3 : 4 : 5-tetrahydronaphthostyril (or homolog, or substitution 
product). Liquid phase (solvent); nickel catalyst. 1 

2241. Di-ene Hydrocarbon Addition Compounds. 1 : 4-Endomethylene-5 : 8-dike- 
todecahydronaphthalene results from hydrogenation, in alcoholic solution with colloidal 
palladium, of 

/ C0 ^ CH \ 

CH, CH CH 

I I I 

CH, CH CH 

w'hich is the dihydro-derivative of a substance obtained by Albrecht by combining cyclo- 
pentadiene with p-benzoquinone. [[Diels and Alder, Ann., 1928, 460, 98.3 

7 Abietic acid is a phenanthrene derivative, and is the acid of colophony. For industrial 
hydrogenation of rosin, etc., consult paragraph 4176 and following paragraphs. 

■ Brit. Pat. application 281,257, convention date Nov. 25, 1926, to I. G. Farbenind. 
A.-G.; Chem. Age (London), 1928, 18, 103; French Pat. 644,486, Nov. 25, 1927. 
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2242 . Maleic anhydride and cyclopen tadiene give cis-3 : 6-endomethylene-AMetra- 
hydrophthalic anhydride, the sodium salt of whose acid hydrogenated in presence of 
palladium gives cis-3 : 6-endomethylenecyclohexane-l : 2-dicarboxylic acid (salt). 

C/WdJ 

2243 . Maleic anhydride with butadiene gives cw-A^tetrahydrophthalic anhydride, 
whose acid, on hydrogenation, yields cw-hexa-hydrophthalic acid. 

2244 . Cyclopentadiene and acrylic acid unite to form 2 : S-endomethylene-A^tetra- 
hydrobenzoic acid reducible to the corresponding hexahydro-acid. Ubid.2 

2246 . With acraldehyde cyclopentadiene gives 2 : S-endomethylene-AMetrahydro- 
benzaldehyde, which can be hydrogenated to the corresponding hexahydroaldehyde. 
C/Wd.] 

2246. Acraldehyde and butadiene give A J -tetrahydrobenzaldehyde whose semicarba- 
zone is reducible to hexahydrobenzaldehyde semicarbazone. Ubid.*} 


Amines 

2247. Aromatic amines can be hydrogenated with the Voorhees-Adams platinum 
oxide catalyst. This catalyst has advantages over Skita’s colloidal platinum for these 
reductions. Complete reductions are obtained with smaller amounts of platinum. The 
comparative experiments were made on aniline, methyl-aniline, dimethyl-aniline and 
benzylamine. Traces of ferrous salts poison this reduction catalysis, pliers and 
Adams, Ber ., 1926, 69B, 162; Chem. Abst., 20, 1599.] 

2248. An alkali or an alkaline earth may be added in the catalytic hydrogenation 
of aromatic bases. Examples: ethylaniline with nickel oxide and sodium carbonate; 
orthotoluidine with cobalt oxide and lime.* 

2249. Reduction of Aromatic Amines. Substituted aromatic amino compounds are 
treated with hydrogen under pressure in presence of metal catalysts, such as nickel, 
cobalt and copper. Examples given are the making of: hexahydroethylaniline; acetyl- 
ar-tetrahydro-ar-(or 0)-naphthylamine, 2-amino-3-ar-tetrahydronaphthoic acid. 10 

2260. Production of Hexahydroaniline. Aniline is heated to 250°-300° C. in the 
presence of cobalt as a catalyst and with a hydrogen pressure of about 100 atmospheres. 1 11 111 

2260 A. Lommel and Goost have improved the hydrogenation of aromatic bases, 
under pressure (e.g., 100 atmospheres) in presence of a catalyst (e.g., nickel) by arresting 
the reaction, separating the hydrogenated product by distillation, and resuming the 
hydrogenation of the unchanged portion. 110 

2260B. The same workers hydrogenate the homologs of aniline at high temperatures 
and pressures, using a catalyst containing a substance of the group comprising copper, 
metals of the platinum and iron groups, and oxides and salts of these metals. 116 

2261. Aniline. Gas phase : 190° : nickel catalyst. Ammonia is evolved. Liquid 
on fractionation yields: 

1. A fraction boiling about 80° (a little benzene and cyclohexane). 

2. Cyclohexyl-amine, CeHn-NHj-b.p. 134° : 30 per cent. 

3. Aniline (182°). 

4. Thirty per cent dicyclohexyl-amine (252°) : 30 per cent cyclohexyl-aniline (279°) 
and some diphenylamine (31 1°). 

1 1. G. f Brit. Pat. application 295,033, convention date Aug. 6, 1927. 

10 French Pat. 634,031, May 7, 1927, to I. G. Farbenind. A.-G.; Chem. Abst., 1928, 22 , 3668; 
Brit. Pat. 300.285, May 4, 1927; Chem. Aqs (London), 1928, 19 , 564. Very close to this is 
Brit. Pat. 290,175, May 7, 1927, also to I. G. 

11 Can. Pat. 283,752, Oct. 2, 1928, to Lommel and Goost (to I. G. Farbenind. A.-G.) 
Chem. Abst., 1928, 22, 4540; Brit. Pat. 305,507, Nov. 11, 1927, to the I. G. 

1U U. S. Pat. 1,712,709, May 14, 1929. 

111 Can. Pat. 286,301, Jan. 8, 1929 (assigned to I. G.); Chem. Abst., 1929, 23 , 1420. 



244 


HYDROGENATION 


The dicyclohexyl-amine is derived from the condensation of 2 molecules of cyclo- 
hexyl-amine by the nickel, with elimination of ammonia. 


H 



The cyclohexanyl-aniline and the diphenyl-aniline may be regarded a a produced by 
the partial dehydrogenation of the dicyclohexyl-amine. [[Sabatier: Catalysis, 466. 
Sabatier and Senderens, Compt. rend., 1906, 138, 457.] 

2262. With Willstatter’s method (platinum-black catalyst and hydrogenation in 
acetic acid solution), aniline gives dicyclohexyl-amine, with only 10 per cent of cyclo- 
hexyl-amine. CWillatiitter and Hatt, Ber., 1912, 46, 1471.] 

2263. Aniline: Hydrogenation under Pressure with Osmium. 11 Preparation of 
catalyst. Asbestos, ignited and washed with hydrochloric acid and water, was soaked 
in water solution of osmium tetroxide, treated with hydrazine hydrochloride, made 
alkaline with sodium hydroxide, heated thirty minutes on water-bath, washed with 
water, then with acetic acid and again with water, dried twenty-four hours at 50° C. and 
the drying finished by standing in a vacuum over sulphuric acid. After use the catalyst 
which is now in the metallic form can be regenerated with hydrogen peroxide. 

Aniline. This must be purified with great care. 

Procedure. Ipatiev’s method was used, at 260° C., under an initial hydrogen pres- 
sure of 100 atmospheres. After eleven hours the yield was: 4 per cent benzene; 25 per 
cent cyclohexyl-amine; 20 per cent dicyclohexyl-amine; 5 per cent A r -cyclohexyl-anihne 
and 29 per cent unchanged aniline. The evolved gases contained ammonia. 

2264. Aniline: Hydrogenation under Pressure with Iridium. 11 Preparation of 
catalyst. Asbestos, soaked in boiling water solution of ammonium chloroiridate (partly 
reduced to chloroiridite by alcohol), was treated slowly with formic acid and sodium or 
ammonium acetate, drained, washed with boiling water, dried at 110° C. and activated 
by heating in oxygen for some hours at 350°-400° C. 

Procedure. Ipatiev’s apparatus with a side-tube for collection and protection of the 
low-boiling products, this side-tube was water-cooled. The results are tabulated : 


Catalyst 

Original 

Aniline 

Products 

Benzene + 
Cyclo- 
hexane 

Cyclo- 

hexylamine 

A'-cyclo- 

hexylani- 

line 

Dicyclo- 

hexylamine 

LPnohanged 

Aniline 

Iridium 2.5 g. not 
activated with 
oxygen 

100 

25 

25 

0 

15 

35 

Iridium 2.5 g. regen- 
erated with HjOj. 

100 

9 

40 

0 

15 

30 

Osmium 1.1 g 

50 

0 

45 

0 

33 

21 

Osmium 0.15 g 

50 

0 

14 

0 

6 

78 

Osmium 0.6 g 

50 

4 

35 

5 

20 

29 


11 Sadikov and Klebanski, Ber., 1928, «1B, 131; CKcm. Abet., 1928, 22, 1336. 
11 Ibid. 
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2256. Toluidines are not so easily hydrogenated in the gas phase over nickel as is 
aniline. At 200° meta-toluidine gives a complicated mixture of products. In addition 
to unchanged toluidine there is a little methyl-cyclohexane, b.p. 101°, a large amount 
of methocyclohexyl-amine CHi*C 6 Hio*NHi, b.p. 150°, having an intensely alkaline 
reaction and higher products (bp. 145°. 20mnL and 175° 20mnL ), also alkaline, which seem 
to be dimethocyclohexyl-amine and methocyclohexyl-aniline respectively. The catalyst 
is rapidly poisoned. [Sabatier and Senderens, Ann. Chim. Phys. t 1905 (8), 4, 387.] 

2266. Methyl aniline, hydrogenated in the gas phase over nickel, at 160°-180°, 
gives a relatively poor yield of cyclohexyl-methyl-amine. A secondary reaction pro- 
duces methylamine, with benzene or cyclohexanol. This secondary reaction increases 
with rise of temperature. [Sabatier and Senderens, Compt. rend., 1904, 138, 1257. 3 

2267. Benzylamine to hexahydrobenzyl-amine and dihexahydrobenzyl-amine. Gas 
phase : 160°-180° nickel catalyst. Amine is prepared by passing ammonia and benzyl 
alcohol vapors over thoria at 330°. [Sabatier and Mailhe, Compt. rend., 1911, 163, 160.] 
Benzylamine prepared by other methods breaks up into ammonia and toluene, when 
hydrogenation is attempted, even below 100°. Sabatier attributes this to a poisonous 
impurity ( loc . cil.). Benzylamine over nickel at 300°-350° forms ammonia and toluene. 
[Sabatier, 496 . ] 

2258. Ethylaniline to cyclohexyl-ethyl-amine (b.p. 164°). Gas phase : 160°-180° : 
nickel catalyst. CSabatier and Senderens, Compt. rend., 1904, 138, 1257.] 

2259. Dimethylaniiine to cyclohexyldimethyl-amine. [ Idem , Ibid.'] 

2260. Diethylaniline to cyclohexyldiethyl-amine. Gas phase : 160°-180° : nickel 
catalyst. [Sabatier and Senderens, Compt. rend., 1904, 138, 1257.] 

2261. Benzylamine (technical), which cannot be hydrogenated by nickel at 170°- 
180°, is transformed by hydrogen at 3 atmospheres pressure and 50°-60° in the pres- 
ence of colloidal platinum rapidly and quantitatively into cyclohexylmethylamine; 
under closely similar conditions, 0-phenylethylamine gives 0-cyclohexylethylamine. 
[Skita with Reitmayer, Bcr., 1924, 67B, 1977; J. Chem. Soc. Abst., 1926, i, 140.] 

2262. Benzyl-aniline to hexnhydrobenzyl-aniline (with cyclohexyl-amine and methyl- 
cyclohexane). Liquid phase : 3 atmospheres : colloidal platinum : substrate dissolved 
in acetic acid. [Skita, Ber., 1915, 48, 1685.] 

2263. Aminophenols to cyclic amino-alcohols, with the Adams* platinum oxide cata- 
lyst. The hydro-chlorides of the aminophenols in aqueous solution were reduced at 
room temperature under 2 to 3 atmospheres pressure. The corresponding cyclohexyl- 
amine was also formed. In the case of ;>-dimethylaminophenol a mixture of the cis and 
Iran* isomers was obtained. The meta compounds yielded only a single isomer. Of the 
unsubstituted aminophenols only m-aminophenol was easily reduced : this yielded cyclo- 
hcxyl-amine, dicyclohexyl-amine and m-cyclohexylamino-cyclohexanol and no m-amino- 
cyclohexanol. [Heckel with Adams, J. Am. Chem. Soc., 1925, 47, 1712.] 

2264. A phenol or hydrogenated phenol is treated with ammonia or an amine in the 
presence of hydrogen and a hydrogenation catalyst in gaseous or liquid phase at a raised 
temperature, and with or without pressure. Hydroaromatic amines are obtained. 14 

2265. Diphenylamine gives dicyclohexyl-amine when hydrogenated by Ipatiev’s 
method with his nickel catalyst. [,/. Russ. Phys. Chem. Soc., 1908, 40, 491; Chem. Centr ., 
1908 (2), 1098.] 

2265A. When diphenylamine is hydrogenated over nickel at 190°-210° with a rapid 
current of hydrogen in excess, cyclohexyl-aniline and dicyclohexyl-aniline are very 
slowly (several days) produced. Even in these conditions the molecule tends to break 
up, as is shown by the presence in the product of varying small amounts of ammonia, 
cyclohexane, cyclohexyl-amine, aniline, etc. At 250° the splitting is almost complete, 
ammonia and cyclohexane being the chief products. [Sabatier and Senderens, Ann. 
Phys. Chim., 1905 (8), 4, 382.] 

2266. l-Benzyl-2-[methylamino]-6-cyclohexene-hydrobromide undergoes catalytic 

14 Brit. Pat. 306,414 (convention date, Feb. 18, 1928) to I. G. Farbenind. A.-G.; Chem. 
Age (London), 1929, 412. 
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hydrogenation yielding l*-benzyl-2 c -[methylamino] cyclohexane. [Schbpf and Boettcher, 
Ann., 1926, 448, 1 .] 

2267. Diphenylamine (hydrochloride) to dicyclohexylamine. 

2268. Triphenylamine to tricyclohexylamine and by-products of cyclohexane and 
dicyclohexylamine. Ethanol solutions: Adams’ platinum-black catalyst. [Hiers and 
Adams, J. Amer. Chem. Soc., 1927, 49, 1909.] 

2269. Alpha-cyclohexylamino-gamma-phenylbutyric acid to alpha-cyclohexylamino- 
gamma-cyclo-hexylbutyric acid. Acetic acid suspension : colloidal platinum catalyst : 
45° C. : 3 atmospheres. [Skita and Wolff, Annalen, 1927, 466, 17.] 

2270. Cinnamylidenecyclohexylamine to cyclohexyl-gamma-phenylpropylamine. 
Acetic acid solution : colloidal platinum catalyst. [/bid.] 

2271. 0-Naphthylamine hydrogenated over nickel in the gas phase (200 hours) gave 
a mixture of ammonia, tetrahydronaphthalene, dihydronaphthalene (traces), naphtha- 
lene (traces), /3-aryl-tetrahydro-naphthylaniine and 0,/3-di-on//-tetrahydronaphthyl- 
amine. [Tohoru Hara, Mem. Coll. Sci. Kyoto., Imp. Univ., 1923, Series 7A, No. 6, 403, 
Chem. Abet., 1923, 17, 2577.] 

2272. Hydrogenation of Naphthylamines. ar- te trahydronaph thy lam ine deriva- 
tives are made by subjecting JV-substituted naphthylamines to catalytic hydrogenation. 
The hydrogenated naphthylamines themselves may be made by starting with an acetyl 
derivative and subsequently saponifying. 15 

2273. Phenylhydrazine, hydrogenated over nickel above 210°, yields chiefly ammo- 
nia and aniline (80 per cent), with cyclohexyl-amine, dicyclohexyl-amine, benzene and 
cyclohexane. [Sabatier and Sendcrens, Bull. Soc. Chim., 1906 (3), 36, 259.] 

2274. Cyclohexylidene azine to hydrazocyclohexane. Colloidal platinum catalyst : 
hydrogen pressure, 2 atmospheres. [Harkins and Lochte, J. Am. Chem. Soc., 1924, 46, 
450.] 

2276. Phthalimide to hexahydrophthalimide. Liquid phase : platinum-black cata- 
lyst. [Willstatter and Jacquet, Ber., 1918, 61, 767.] 

2276. Carbazole (diphenylene imide) to a0-dimethyl-indol. 


^ CH \ 
up p 

/ CH % 
p PH 

up p 

p.pu. 

nv_/ — 

l ll 

“ — V_/ V> 11 

II 1 
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V/ V/ll 1 

II 

HC C 

C CH 

HC C 

CCH, 
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Gas phase : 8-10 atmospheres : 200° : twelve to eighteen hours : nickel catalyst. 
[Padoa and Chiaves, Lincei , 1907, 16 (2), 762; Chem. Centr., 1908 (1), 649.] 

2277. Carbazoles. 6 : 9-Dimethyl-l : 2 : 3 : 4-tetra-hydrocarbazole hydrogenated 
in decalin with a nickel catalyst at 240° yields a mixture of 6 : 9-dimethyl-l : 2 : 3 : 4 : 
5:6:7 : 8-octahydrocarbazole, and dimethyldodecahydrocarbazolc. 

3 : 9-Dimethyl-l : 1 : 3 : 4-tetrahydrocarbazole gives the same octa- and dodcca- 
compounds. 

9-Methyl-l : 2 : 3 : 4-tetrahydrocarbazole energetically hydrogenated gives a mix- 
ture of unchanged substrate, with 9-methyloctahydrocarbazole and 9-methyldodeca- 
hydrocarbazole. 

Hydrogenation of tetrahydrocarbazoles occurs at the benzenoid nucleus, [von 
Braun and Schomig, 1925, Ber., 68B, 2156.] 

2278. 2-Acylamino-9, 10-anthrahydro-quinone ethers and esters in which the acyl 
group is the residue of an aliphatic carboxylic acid, such as acetic or formic acid, are 
formed by the catalytic hydrogenation of a 2-acylaminoanthraquinone and ethcrifying 
or esterifying the resulting leuco compound. [Brit. pat. 297,042, Apr. 13, 1927, to. I. G. 
Farbenind. A.-G.; Chem. Abst., 1929, 23, 2447.] 

11 Brit. Pat. 276,571, Feb. 24, 1927, to Soc. Anon, pour l’lnd. Chim. k BAlc; Chem. AbeL, 
1928. 22 , 2379. 
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HYDROGENATION OF TERPENES 

AND OF 

COMPOUNDS CONVENIENTLY CLASSED WITH TERPENES 

I 

2300. Aromandrene. This sesquiterpene from eucalyptus oil is reduced to dihydro- 
aromandrene under the following conditions: Six per cent solution in methanol; colloidal 
palladium catalyst (Paal); Skita’s apparatus; hydrogen pressure slightly above atmos- 
pheric. CBrigK 8 and Short, J. Chem. Soc ., 1928, 2527.] 

2301. Azulene (CuH w ) from coal-tar or from chamomile oil, to CnHu. Alcohol solu- 
tion : colloidal palladium catalyst : room temperature : atmospheric pressure : fifteen 
hours with shaking. [[Ruhemann, Levy, el al., Ber ., 1927, 60, 2467.] Azulene is a blue 
hydrocarbon which is obtained by steam distillation of powdered yellow chamomile 
flowers. It does not exist preformed in the flowers. 

2301A. Sesqui-terpene B. (from lignite tar), Ci«H t «, apparently monocyclic, toCuH M . 
Vapor phase at 180° over nickel alumina catalyst. [Ibid.'} 

2302. Chamazulene to octahydrochamazulene. Acetic acid solution : colloidal 
platinum catalyst. 

2303. Guaiazulene yields octahydroguaiazulene. 

2304. Guaiene, on mild hydrogenation, yields dihydroguaiene : on energetic reduc- 
tion tetrahydroguaiene results. CRuzicka and Rudolph, Helv. Chxm. Ada , 1926, 9, 118.] 

2306. Camphenes to Camphanes. The camphanes produced by the hydrogenation 
of camphenes seem to differ according to the origin of the latter. From pinene hydro- 
chloride Lipp prepared a caraphene which, on hydrogenation at 170°-190° C. f in pres- 
ence of nickel gave a mixture of a solid isocamphane melting at 65°-67° C. and a liquid 
isocamphane boiling at 150° C. 

2306. Vavon, with platinum-black catalyst, working in ether solution, obtained a 
dihydrocamphene melting at 87°. [Cttmpt. rend., 1909, 149, 997.] 

2307. Using colloidal palladium Skita and Meyer prepared a camphane with a 
melting-point of 53°. [Ber., 1912, 46, 3579.] 

2308. With a nickel catalyst, Sabatier and Senderens, hydrogenated (with difficulty) 
a camphene, of unknown origin, at 165°-175°, to a camphane, b.p. 164°. [[Sabatier and 
Senderens, Compt. rend., 1901, 132, 1256.] 

2308A. An inactive camphene (m.p. 47°-49°) yielded a camphane melting at 60°, by 
hydrogenation over nickel. CXametkin and Abaumovskaya, J. Russ. Phys. Chem. Soc., 
1915, 47, 414; Chem. Abst., 1916, 10, 45.] 

2308B. Ipatiev’s method with the copper catalyst seems to give the same results as 
those reported by Lipp. Camphene gives two hydrides, a solid melting at 66° and a 
liquid boiling at 162°. [Tpatiev and Drachusoff, J. Russ. Phys. Chem. Soc., 1911, 42, 
1563; Chem. Cenlr., 1911 (1), 1292.] 

2308C. With the “nickel oxide ” catalyst at 240°, in ten to fifteen hours camphene 
gives an iso-camphane melting at 57° and boiling at 162.5°. Ppatiev, Ber., 1912, 46, 
3210.] 
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2309. Endocamphene CHj — CH — C(CH|)» 

I I 

CH, CH 

I II 

CH, — CH — CH 

to dihydroendocamphene. CGotzen and Reinartz, Ann ., 1927, 453, 1; Chem. Abet ., 
1927. 21, 2891.] 

2310. d-Cadinene (sesquiterpene from West Indian sandalwood oil) to tetrahydro- 
cadinene. Solution in 96 per cent alcohol : platinum-black catalyst. CDeussen and 
Avramoff, J. prakt. Chem., 1928, 120, (ii), 119.] 

2311. Carvomenthene to menthane, see under Limonene. 

2312. Caryophyllene to dihydrocaryophyllene. Palladium or nickel catalyst. 
CDeussen, J . prakt. Chem., 1926, 114, ii, 63]. Cf. Idem, Ann., 1912, 388, 136 : colloidal 
palladium : methyl alcohol solution. 

2312A. 7 -Caryophyllene to 7 -dihydrocaryophyllene. [75id., 1927, 117, (ii), 273.] 

2312B. Ethyl- 7 -caryophyllenecyclopropane-carboxylate gives a dihydro-derivative. 
C/fod.] 

2313. l-<r-Curcumene to hexahydro-a-curcumene. 

2313A. l-/3-Curcumene to l-hexahydro-0-curcumene. £Rao and Simonsen, J. Chem . 
Soc., 1928, 2496.] 

2314. Eudesmene to tetrahydrocompound C l 4 H M , platinum-black catalyst : glacial 
acetic acid solution. CSemmler and Risse, Ber., 1913, 46, 2303.] 

2315. Ferulene, CisH lfi , from gum ammoniac oil in liquid phase, platinum-black cata- 
lyst, takes up 2H*. CSemmler, Jonas and Roenisch, Ber., 1917, 50, 1823.] 

2316. A sesquiterpene (?) derived from geraniol by treatment with sulphuric acid 
yields, on hydrogenation in presence of palladium catalyst, a hydrocarbon CuH*v 
CThoms, Oesterr. Chem. Ztg., 1926, 29, 228.] 

2317. Limonene to dihydrolimonene. Ipatiev’s method : 11 copper or copper oxide ’* 
catalyst : 300° : 120 atmospheres. The hydrogenation continues with the formation 
of menthane. CIpatiev, Ber., 1910, 43, 3546.] 

2318. In the gas phase, at ordinary pressures, at 169°-170° C., with a nickel catalyst, 
limonene hydrogenates to menthane. ^Sabatier and Senderens, Compt. rend., 1901, 
132, 1256. Cf. Vavon, Compt. rend., 1911, 152, 1675, and 1909, 149, 999. With a cop- 
per catalyst dihydrolimonene is formed, exclusively. Ibid., 1255.] 

In ether solution, in the cold, with 25 per cent of its weight of platinum-black, limo- 
nene readily adds H 2 , forming carvomenthene, b.p. 175°, and then another H, w ith for- 
mation of menthane. CVavon, Bull. Soc. Chim., 1914, (4), 15, 282.] 

2319. Escourrou. Selective reduction under reduced pressure [in vapor phase over 
nickel and platinum oxide catalysts] of citral, geraniol and limonene. £Bull. Soc. Chim., 
1928 (iv), 43, 1204. See abstract in para. 2404 under citral.] 

2320. Menthene to menthane . 1 Gas phase : 175° : nickel catalyst. ^Sabatier and 
Senderens, Compt. rend., 1901, 132, 1256.] 

2320A. Menthene to menthane and p-cymene. Vapor phase over copper at 290°- 
300° C. ^Komatsu and Kurata, Mem. Coll. Sci. Kyoto, 1928, 11A, 164.] 

d- Limonene to cymene. Vapor phase over copper at 280°-300°. But at 200° men- 
thane, dipentene and carvomenthene are also formed. £/5id.] 

d-0-Phcllandrene to cymene (85 per cent) and some menthane. Vapor phase over 
copper at 300° C. £Ibid., cf. Rupe and Schafer, Helv. Chim. Acta, 1928, 11, 463; Sabetay 
and B16ger, Bull. Soc. Chim., 1928 (iv), 43, 839.] 

2321. 2, 6 -Dimethyl-octatriene (2, 5, 7) (ocimenc from oil of basil), over a nickel 
catalyst at 130°-140°, gives 2, 6 -dimethyl-octane, b.p. 158° : 

CII, CH, CH, CH, 

CH, C : CH CHrCH : C CH : CH, -► CH, CH CH,.CH,.Cn,.CH CH, CH, 
CEnklaar, Ber., 1908, 41, 2085.] 

1 Seo under Limonene. 
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2322. Pinene to dihydropinene. Gas phase : 170°-180° : nickel catalyst. £Saba- 
tier and Senderens, Compt. rend., 1901, 132, 1256.3 

2323. By Ipatiev’s method, using “ nickel oxide ” catalyst, pinene is hydrogenated 
at 265° to pinane and at 300° to menthane. ^Sabatier: Catalysis, 691.3 With a copper 
catalyst at 300°-350° and at 100 + atmospheres, pinene yields pinane on hydrogenation. 

2324. With colloidal palladium catalyst under 2 atmospheres pressure, pinene 
hydrogenates to pinane. ^Sabatier: Catalysis, 662.3 

2324A. With 15 g. platinum-black catalyst 500 g. pinene is hydrogenated in twenty- 
four hours to dihydropinene, b.p. 166°. CVavon, Compt. rend., 1909, 149, 997.3 

2326. A diterpene CsoHu (from German turpentine oil) hydrogenated in presence 
of platinum gave octahydroditerpene C»H 40 (monocyclic?). 

2326A. From the same source a sesquiterpene alcohol CuHscO was obtained which 
on hydrogenation gave a saturated dihydro compound. (W T ienhaus, Fork. Ill nord. 
Kemistmdtet , 1928, 211; Brit. Chem. Abut., 1929, 191A.) 

2326. Contact Transformation of a-Pinene. 2 Passage of l or d-o-pinene over palla- 
dized asbestos at 190°-200° in an atmosphere of carbon dioxide causes the production 
of cymene and a dihydropinene, b.p. 166.5°- 1 67.5°, d l 4 8 0.8467, n l £ 1.4589, identical with 
the product obtained by catalytic hydrogenation of pinene in the presence of nickel. 
The mixture of cymene and dihydropinene is transformed by hydrogen in the presence 
of palladium at 200° into menthane and dihydropinene. Hydrogenation of pinene at 
200° in the presence of palladized asbestos gives a dihydropinene identical with that 
described above, whereas at 157°-158° a different dihydropinene, b.p. 169°-169.5° 
(corr.), is produced. The mechanism of the catalytic reduction of pinene depends, 
therefore, on the temperature and nature of the catalyst.* 

2327. According to Richter and WolfT ( Ber ., 1926, 69 (B), 17333, treatment of 
a-pinene with hydrogen in the presence of palladium-black from palladium chloride 
affords mainly a mixture of a-pinene and pinane instead of isopinene recorded by Zelin- 
ski. On the other hand, 0-pincne is quantitatively isomerized to a-pinene by palladium 
saturated with hydrogen and subsequently reduced to pinane. Palladium alone does 
not effect the transformation. 4 

2328. The statement by Zelinski to which reference is here made is that when 
palladium-black made from the subchloride is suspended in ether, in an atmosphere of 
hydrogen, and pinene is added, on passing a current of hydrogen, isopinene (b.p. 158.5°- 
159.5°) results, the hydropinene first formed being dehydrogenated. If, however, pal- 
ladium prepared from palladium ammonium chloride is used hydropinene results. 4 It 
is conceivable that the difference may be determined by the presence or the exclusion of 
oxygen. 

2329. Sabinene to thujane. Platinum-black catalyst : 25-50 atmospheres in sealed 
tube : forty-eight hours : at room temperature. fTchougaeff and Fomin, Compt. rend., 
1910, 161, 1058.3 d 

2330. Santene to dihydrosantene. ZChem. Abst., 1927, 237.3 

2331. Sylvestrene to menthane. Gas phase : 180° C. : nickel catalyst. ^Sabatier 
and Senderens, Compt. rend., 1901, 132, 1256.3 

2332. Thujene and thujane to Ci 0 Hio (possibly 1 : 2- or 1 : 3-dimethyl-3-wo-propyl- 
cyclopentane). Vapor phase : 155° C. : palladium-charcoal. 

2333. Thujene at 197°-200° C. over palladium-asbestos gives cymene, thujane and 
a cyclic hydrocarbon, CioHm- CZelinski and Kasanski, Ber., 1927, GOB, 1096.3 7 

2334. a-Thujene to hexahydrocymene. Gas phase : 125° : nickel catalyst. CZelin- 
ski, /. Rues. Phys. Chem. Soc., 1904, 36, 768-3 

* Zelinski, Ber., 1924. 58, B, 864. 

l J. Chem. Soc. Abst., 1925, i, 821. 

4 Brit. Chem. Abst., 1926, 1148 A. 

'Ber., 1911, 44, 2782. 

4 See paras. 2332, 2333, 2334, 2335. 

7 Cf. para. 2329. 
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2336. or-Thujene to thujane, b.p. 157°. In liquid phase : 25-50 atmospheres : plati- 
num-black catalyst : two days. CTchougaeff and Fomin, Compt. rend., 1910, 161, 1058.] 

2336. Isozingiberene (bicyclic) with platinum-black catalyst, glacial acetic acid solu- 
tion : takes up 2Hi, forming tetrahydroisozingiberene. CSemmler an( j Becker, Ber., 
1913, 46, 1814.] Zingiberene, in some conditions, forms monocyclic hexahydrozingibe- 
rene. C Ibid .] 

2337. a- Amirol (a sesquiterpene alcohol from West Indian sandalwood oil) to 
a-dihydroamirol. Alcohol solution : palladized calcium carbonate catalyst. CDeussen 
and Avramoff, J. prakt. Chem., 1928, 120 (ii), 119.] 

2338. Betulol, C w Hi/), to the alcohol, CuH m O. Liquid phase, solution in absolute 
ether : platinum-black catalyst. CSemmler, Jonas and Richter, Ber., 1918, 61, 417.] 

2339. Cadinol to dihydrocadinol. Ethyl acetate solution : 70° : platinum-black 
catalyst. CRuzicka and Stoll, Helv. Chim. Ada, 1924, 7, 84; Chem. Abst., 1924, 1282.] 

2340. Camphor to borneol. Ipatiev’s method : 41 nickel oxide ” catalyst : 350°. 
^Sabatier: Catalysis, 691.] 

2341. Camphor to iso-camphene, m.p. 63° (dehydration plus hydrogenation.] Ipa- 
tiev’s method : 110 atmospheres : 220° : forty hours, ppatiev and Matov, Ber., 1912, 
46, 3205.] 

2342. The oxidation of d- and i-bomeols to camphor takes place without any side 
reactions when reduced copper at 200°-220° is employed as a catalyst. Copper oxide, 
prepared from copper nitrate and sodium hydroxide and reduced with hydrogen at 200°, 
furnishes the best copper catalyst. No borneol is formed when camphor vapor and 
hydrogen are together passed over reduced copper. CMasumoto, Afem. Coll. Sci. f Kyoto, 
1925, 9, 219, Bril. Chem. AbstJ 

2342A. Camphor to isobomeol and isocamphane. Glacial acetic acid solution : 
platinum-black catalyst. £Vavon and Peignier, Bxdl. Soc. Chim., 1926, 39 (iv), 924.] 


2343. Camphor to isobomeol (and some borneol). Platinum-black catalyst. 
CVavon and Peignier, Compt. rend., 1925, 181, 183.] 

2344. Camphor enol ethyl ether to camphor bomyl ethyl ether and a small quantity 
of acid reaction products. CBredt-Savelsberg and Rumschedit, J. prakt. Chem., 1927, 
116, 235; Chem. Abst., 1927, 21, 1807.] 

/ /? H * \ 

2346. Phenylacetylenylbomeol ( C«Hu<f | ) to styryl borneol 

\ XJ(OH) -C : C C#H*)/ 

/ /CHi \ 

[ C*Hi«^ | ). Solution in aqueous alcohol and ethyl acetate : 

\ N:(OH) • CH : CH • CeH*)/ 

nickel catalyst. CRupe, Ann., 1924, 436. 184.] 

2346. Doremol to the saturated alcohol. Liquid phase : platinum-black catalyst. 

2347. Doremone to tetrahydrodoremone. liquid phase : platinum-black catalyst. 
CSemmler, Jonas and Roenisch, Ber., 1917, 60, 1823.] 

2348. Eugenol HiC(HO)CeH|-CHjCH : CH* and iso-eugcnol, H|C(HO)C«Hj* 
CH : CH-CH*, with Ipatiev’s method with his 44 nickel oxide ” catalyst, at 29°, give 
methoxy-propyl-phenol, CHiO(OH)C«Hi-CHi*CHi-CHj, but at 195° the phenolic 
hydroxyl is eliminated and the chief product is methoxy-propy 1-cyclohexane. CIpaticv, 
Ber., 1913, 46, 3589.] 

2349. With a nickel catalyst at 60° and 15 atmospheres eugenol gives methoxy- 
propyl-phenol. At 150° the aromatic nucleus is hydrogenated also. CBrochet and 
Bauer, Bull. Soc. Chim., 1915, (4), 17, 54.] 

2360. According to Madinaveitia and Blanes £Soc. Espan. FIs. Quim., 1913, 10, 
381; Chem. Abst., 1913, 7, 3500], with palladium-black catalyst eugenol adds H-, pro- 
ducing 44 dihydroeugcnol” (methoxy-propyl-phenol?). With platinum-black, methoxy- 
propyl-cyclohexanol results. On the other hand, Fournier, using a platinum-black 
catalyst derived isopropyl guaiacol from both eugenol and iso-eugenol. [ Bull . Soc. 
Chim., 1910 (4), 7, 23.] 
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2351. Benzoyl derivative of 2-methoxy-4-AM)utenyl-phenol (homoeugenol) to 
2-methoxy-4-n-butylphenyl benzoate. Palladium charcoal catalyst. [Mannich and 
Merz, Arch . Pharm., 1927, 265, 104.] 

2352. Famesol, Ci&Hi#0, in liquid phase, platinum-black catalyst, takes up 3H* to 
form di-hexahydrofarnesol. [Semmler, Jonas and Roenisch, Ber., 1917, 50, 1823.] In 
methanol with palladinized calcium carbonate hydrogenation of famesol yields 40 per 
cent, with palladous chloride 80 per cent of famcsane (0fic-trimethyldodecane). [Fischer, 
Ann., 1928, 464, 69.] Famesyl acetate in ethyl acetate solution with palladinized cal- 
cium carbonate gives some famesane, but the chief product is he xahydro famesol (iiyX- 
trimethyl dodecanol). [/bid.] 

2353. Geraniol on complete hydrogenation yields an alcohol that seems identical 
with that obtained by the interaction of 7 i^dimethyloctylamine. [Sabetay and Bleger, 
Bull. Soc. Chim., 1928, (iv), 43, 839.] 

2353A. Suzuki [Bu/Z. Inst. Phys. Chem. Research , 1929, 8, 44, Abst. 2,3; Chem. Abst., 
1929, 23, 186; Brit. Chem. Abst., 1929, 297 A], hydrogenated geraniol and citronellal with 
nickel catalyst and compared the rates of hydrogen addition. The first molecule of 
hydrogen was taken up by citronellal more rapidly than by geraniol, the second molecule 
was added very slowly. A trace of ferrous sulphate slowed the hydrogenation of geraniol 
but had little effect with citronellal. The products in each case seem to have been 
impure citronellol with some dehydrocitronellol. Experimental conditions were : 5 g. 
substance in 25-100 cc. of 70-80 per cent alcohol; 2-6 g. catalyst; temperature 25°-28°C.; 
hydrogen pressure 1.1 atmosphere. 

2354. Geraniol gives racemic “ citronellol (Ni) ” when shaken at 80°-95° with hydro- 
gen in presence of a nickel catalyst. This product differs from the product of platinum 
catalysis (“ citronellol (Pt)”) in its higher content of the a form. [Grignard and 
Escourrou, Bull. Soc. Chim., 1925, 37, 546.] 

2355. 0-Geraniol is hydrogenated by shaking its solution in anhydrous ether with 
platinum-black and hydrogen, until 1 mol. of hydrogen is absorbed for each mol. of 
geraniol. The product is racemic rhodinol : it is the beta-form. [ Ibid ., 542. See also: 
Longuinod and Margollis, Bull. Soc. Chim., 1925, iv, 45, 156; Brit. Chem. Abst., 1929, 
538A.] 

2355 A. Geraniol [as well as other perfumes, such as ion ones and methylionones] is 
said to have its color and odor improved by partial hydrogenation with hydrogen and 
nickel catalyst [or with sodium ethylate, or with aluminum amalgam, or with zinc 
dust.] 8 

2356. Geraniol, 2, 6-dimethyl-octadiene (2, 6) ol (8) to 2, O-dimethyloctanol (with 
some 2, 6-dimethyl octane). Gas phase : 130°-140° : nickel catalyst. [See also under 
citral, para. 2404.] 

2357. In liquid phase, with nickel catalyst at 15 atmospheres and 70°, geraniol gives 
2, 6-dimethyl-octanol. [Brochet and Bauer, Bull. Soc. Chim., 1915, (4), 17, 50.] 

2358. By Ipatiev’s method, with palladium reduced from the chloride by formate as 
catalyst (about 3 per cent by weight of substrate), at 110° and 100 ± atmospheres, 
geraniol gives the dimethyl-octanol and some dimethyl-octane. [Sabatier, 595.] 

2359. Platinum-black catalyzes this reaction very slightly, the formation of the 
alcohol taking several days. [Willstatter and Meyer, Ber., 1908, 41, 1475.] 

By Pa&l’s method in methanol solution, Ishizaka obtained tetrahydrogeraniol. [Ber., 
1914, 47, 2453; Chem. Abst., 1915, 9, 76.] 

2360. Isoamyl-carvol, with platinum-black catalyst, takes up 2H* and yields the sat- 
urated alcohol. [Semmlcr, Jonas and Oelsner, Ber., 1917, 50, 1838.] 

2361. Limonene-1 : 2-diol to menthane-1 : 2-diol (1 : 2-dihydroxymen thane). Plati- 
num-black catalyst. [Meerwein, J. prakt. Chem., 1926, 113, ii, 9.] 

2362. Linalool, 2, 6-dimethyl-octadiene (2, 7)-ol (6) to 2, 6-dimethyloctanol (and a 
little 2, 6-dimethyloctane). Gas phase : 130°-140° : nickel catalyst. [Enklaar, Rec. 
Trav. Chim. Pays Bas, 1908, 27, 411; Ber., 1908, 41, 2085.] 

1 French Pat. 643,352. Nov. 4, 1927, to I. G. Farbenind. A.-G. 
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2363. With platinum-black catalyst in liquid phase, at room temperature, the same 
product is obtained. LBarvier and Locquin, Compt. rend., 1914, 168, 1555.] 

2364. With a nickel catalyst, in liquid phase, under 15 atmospheres at 70°, the same 
hydrogenation occurs. QBrochet and Bauer, Bull. Soc. Chim., 1915, (4), 17.] 

2366. Diisopulegyl ether, CnJHj^O, is reducible catalytically to the saturated ether. 

2366. IsopuJegol to /-menthol. Glacial acetic acid solution : platinum-black cata- 
lyst. 

2367. An ether, CjoHjcOs, obtained in small yield by treatment of citronellal with 
dilute sulphuric acid, is hydrogenated catalytically to a compound C»H »Os. CHoriuchi, 
Mem. CoU. Set., Kyoto, 1928; 11, A, 171.] 

2368. Rhodinol to dihydrorhodinol ( 717 -dimethyloctanol). Fokin- Willstatter method. 
CSabetay and B16ger, Bull. Soc. Chim., 1928, (iv), 43, 839.] 

2369. Safrol to hydrosafrol, by hydrogenation in presence of platinum-black or 
nickel. CKafuku, J. Pharm. Soc., Japan, 1925, 621, 609; Chem. Abst., 1926, 400.] Safro- 
eugenol to hydrosafro-eugenol. £ Idem , Ibid.'} 

2370. Isosafrol and safrol to dihydrosafrol. Gas phase : 200° C. : nickel catalyst. 
CHenrard, Chem. Weekblad., 4, 630-S32; Chem. Centr., 1907 (2), 1512.] 

2371. The same hydrogenation can be effected in the liquid phase, with a platinum- 
black catalyst. CFoumier, Bull. Soc. Chim., 1910 (4), 7, 23.] 

2372. Also, by Ipatiev’s method, using a “ nickel oxide ” catalyst, under 50 atmos- 
pheres at 93°, the dihydrosafrol (b.p. 228°) is obtained. By longer treatment at 180° a 
product is obtained which appears to be methoxy-propyl-eyclohexane, b.p. 207°. Dpa- 
tiev, Ber., 1913, 46, 3589.] 

2373. Isosafrol, 33 per cent solution in alcohol, with 19 per cent nickel catalyBt, at 
65°, also hydrogenates to dihydrosafrol, at atmospheric pressure. CBrochet and Bauer, 
Bull. Soc. Chim., 1915 (4), 17, 50. Cf. Brochet, Compt. rend., 1914, 169, 326.] 

2374. Terpineol to hexahydrocymene. Gas phase : 150° : nickel catalyst. fHaller 
and Martine, Compt. rend., 1905, 140, 1303.] 

2376. a-and / 3 -terpineols, in the liquid phase, under 2 atmospheres pressure, with a 
colloidal palladium catalyst, are hydrogenated to dihydroterpineols. CWallach, Anna- 
ten, 1904, 336, 37.] 

2376A. Alphaterpineol on hydrogenation yields, on fractional distillation, a solid 
identical with di-hydro alphaterpineol, a tertiary saturated alcohol from American pine 
oil. CZeitschol and Schmidt, Ber., 1927, 60B, 1372.] 

2376. Thymoquinol nCaH 7 (CHi)C*Hj(OH)i] to menthane-diol (2, 5), m.p. 112°. 
Gas phase : 190° -200° : nickel catalyst. ^Henderson and Sutherland, J . Chem. Soc., 
1910, 97, 1616.] 

2377. The condensation products of alkylated phenols with ketones are hydrogenated 
to obtain thymols, its isomers and homologB. A metal phenolate may be present in 
addition to the hydrogenation catalyst, to reduce the decomposition temperature. E-g., 
the condensation product of acetone and meta-cresol is hydrogenated in presence of a 
nickel catalyst and of aluminum-3-methyl-6-isopropylene-phenolate to obtain thymol 
and then stereoisomeric menthols . 9 

2377A. By acting on these same condensation products with hydrogen under pres- 
sure, in presence of a catalyst and a diluent (menthane) at 280° C., thymol or its isomers 
and homologs are produced . 10 

9 Brit. Pat. application 276,010, convention date Aug. 16, 1926, by Chem. Fab. auf 
Actien, vorm. E. Schering; Chem. Age (London), 1927, 17, 373. Can. Pat. 281,117, June 
19, 1928, to Jordan and same assignees. 

10 Can. Pat. 281.1 15, June 19, 1928, to Jordan, Schdellerr and Clerc, assigned to Chem. Fab. 
auf Aktien, vorm. E. Schering. Cf. U. S. Pat. 1,706,784, Mar. 26, 1929; Chem. Abet., 1929, 
23, 2191; Brit. Pat. 279.H57, Oct. 26, 1926, to Chem. Fab. auf Aktien, vorm. E. Schering; 
Brit. Pat. 279,855 of same date, to same patentee; Can. Pat. 281,120, June 19, 1928, and 
281,119 of the same date, to same patentees and assignees. For variations see: Brit. Pat. 
276,010, Aug. 11, 1927, to Chem. Fab. auf Aktien, vorm. E. Schering, 280,956, Nov. 21, 
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2378. Thymol syntheaia. 3-Methyl-O-isopropylenephenol hydrogenated at a high 
temperature with a catalyst gives 3-methyl-O-isopropyl phenol (thymol). 11 

2379. Oxythymol is heated with hydrogen in presence of a hydrogenating catalyst 
and a porous support such as fuller’s earth. Two or eight atomic proportions of hydro- 
gen are absorbed with formation of thymol and menthol. 11 

2380. Thymol to menthol. Fifteen atmospheres pressure : 160°-170° : nickel- 
kieselguhr catalyst. Product washed with caustic soda to remove unchanged thymol. 
The crude menthol is either oxidized in acetic acid solution with chromic acid to men- 
thone, and the menthone reduced in alcoholic solution with sodium, or it is converted 
into phthalate and the menthol recovered by saponification. 11 

2380 A. Thymol to menthol. Liquid phase : 5 to 30 atmospheres : 200° C. : Nickel, 
platinum, palladium, or cobalt catalyst. 14 

2380B. Thymol, menthone and iso-menthone to a mixture of inactive neomenthol, 
neoisomenthol, and inactive menthol. 14 

2380C. Inactive neomenthol and inactive neoisomenthol to inactive menthol by 
catalytic hydrogenation either directly or after dehydrogenation. The catalysts used 
were nickel cobalt, copper, platinum and palladium. 16 

2380D. Thymol is heated with hydrogen and hydrogenation catalysts under pres- 
sure : inactive menthol is separated from the mixture of liquid menthols and the latter 
is converted by dehydrogenation into a mixture containing menthones : this mixture is 
then hydrogenated under pressure. 17 

2381. When piperitone or menthone is catalytically hydrogenated, the product is com- 
posed of a mixture of a crystalline solid (i-menthol) and a residual oil, which apparently 
consists of an isomeride of menthol. If this liquid is heated in presence of hydrogen and 
the catalyst for several hours at 110°-120° C., it is partially converted into the crystal- 
lizable substance. The yield of the latter can therefore be increased by dissolving fresh 
piperitone or menthone in the oily filtrate of a previous batch. Thus, when piperitone 
(150 lb.) is treated with hydrogen at 30-70 lb.-sq. in. pressure and at 130°-160° C. in 
presence of nickel catalyst (2 lb.) until no more absorption takes place, the mixture 
obtained, on cooling to 10°, deposits crystals equivalent to about 30 per cent of the 
piperitone, but when the mixture, after hydrogenation, is stirred for several hours at 
120° C. in an atmosphere of hydrogen and in presence of the catalyst, the yield of crys- 

1927, and 280,924, Nov. 16, 1927, to Schering-Kahlbaum A.-G. (Brit. Chem. Abat ., 1929. B. 
237), 293,001, June 29, 1927, to Schering-Kahlbaum A.-G. (Chem. Abat., 1929,23, 1142), 
French Pat. 641,437, Aug. 9, 1927, to Chem. Fab. auf Aktien, vorm. E. Schering ( Chem . 
Abat., 1929, 23, 1142). For separation of the products see: Brit. Pat. 285,833, Feb. 22, 1927, 
to Schering-Kahlbaum A.-G. For conversion and purification see: Brit. Pats. 289,125, 289,126, 
Jan. 17, 1927, to Rhein. Kampfer Fab. Ges., Chem. Abat., 1929, 23, 611; Swiss Pat. 126,585. 
Jan. 7, 1927, to the same patentees, Ibid.; U. 8. Pat. 1,672,346, June 5, 1928, to Schollkopf 
(assigned to Rhein. Kampfer Fab. Ges.), Chem. Abat., 1928, 22, 2573. 

11 Can. Pat. 278,728, Mar. 30, 1928, to Schoellerr and Jordan; Chem. Abat., 1928, 22, 2756. 
Cf. French Pat. 636,267, June 20, 1927, to Chem. Fab. auf Actien, vorm. E. Schering, Chem. 
Abat., 1929, 23, 156. 

11 Brit. Pat. application 301,087 (convention date, Nov. 24, 1927), by Schering-Kahlbaum 
A.-G. 

11 Austerweihl, Brit. Pat. 239,527, Aug. 21. 1923. 

14 U. S. Pat. 1,629,002, May 17, 1927, to Schollkopf. 

15 Brit. Pat. application 285,394 (convention date, Feb. 15, 1927), by Rhein. Kampfer 
Fab. Ges. 

11 Brit. Pat. application 285,403, by same; Ibid.). Cf. U. S. Pat. ,629,002, May 17, 1927, to 
Schollkopf; Chem. Abat., 1927, 21, 2136, and U. S. Pat. 1,625,771, Apr. 19, to Schollkopf. An 
earlier patent (Brit. Pat. 231,827, Apr. 4, 1924, to the Rhein. Kampfer Fab. A.-G.) provides 
for the separation of the isomenthol by distillation. It is then either: (1) subjected to further 
hydrogenation; or (2) first dehydrogenated to isomethone and the latter hydrogenated. 

17 U. S. Pat. 1,704,630, Mar. 5, 1929, to SchSilkopf (assigned to Rhein. Kampfer Fab. 
G. m. b. H.; Chem. Abat., 1929, 23, 1920. 
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talline product is much greater. When the separated oil is similarly treated, up to 50 
per cent is converted into the crystalline substance. 11 

2382. Toly 1-dimethyl carbinol hydrogenated over nickel of slight activity, at 400° C., 
gives cymene (methyl-isopropyl-benzene, b.p. 175 ? ). This cymene, over an active 
nickel below 180°, may be regularly hydrogenated to men thane (hexahydrocymene). 
CSmimov, J. Russ. Phys. Chem. Soc., 1909, 41 , 1374.] 

2383. Methysticin to dihydromethysticin : alcohol solution : colloidal palladium : 
room temperature : atmospheric pressure. Methysticin is a product from Kawa root 
(Piper methysticum). Methysticol to tetrahydromethysticol. CBoreche, 1927, Per., 60, 
982.] 

2384. p-Menthene oxide to p-menthane. Willstatter’s method (platinum- or palla- 
dium-black activated by oxygen.) £K6tz and Busch, J. pr. Chem., 1928, 119 (ii), 1.] 

11 J.S.C.I. , 1925 , 900B; Brit. Pat. 238,314, May 21, 1924 (addition to 213,991), to Howards 
and Sons, Ltd., and Blagden. 
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HYDROGENATION OF TERPENES 

AND OP 

Compounds Conveniently Classed with Terpbnbs 

n 

2400. Citral. Citral, in ether solution, with platinum-black catalyst, gives a mix- 
ture of 2.6-dimethyl-octane and 2, 6-dimethyloctanol .8 CVavon, Ann. chim ., 1914 (9), 
1, 144.] The use of aqueous alcohol solution gives much higher proportion of the alcohol. 

2401. By Ipatiev’s method, using palladium catalyst, at 110°, with continuous shak- 
ing, citral yields decanol with some decane. 

2402. Skita, with colloidal platinum obtained citronellal, citron ellol and a condensa- 
tion product CioHuO. C Ber., 1909, 42, 1634.] 

2403. Selective Reduction of Citral by Means of Platinum- Oxide-Platinum-Black 
and a Promoter. 1 When treated with hydrogen in presence of platinum oxide-platinum- 
black, citral is partly reduced to tetrahydrogeraniol. Reactivation of the catalyst by 
shaking with air causes the reaction to go further, but the reduction cannot be completed, 
as successive reactivations cause coagulation of the catalyst. In presence of a trace of 
ferrous sulphate, reduction proceeds progressively to tetrahydrogeraniol. If the reac- 
tion is interrupted when successive mols of hydrogen have been absorbed, the products 
are pure geraniol, citronellol, and tetrahydrogeraniol, respectively. The action of zinc 
acetate is similar to that in the reduction of cinnamaldehyde, and the concentration of 
this promoter can be adjusted to cause the reaction to cease when either 1 or 2 mols of 
hydrogen have been absorbed by the citral, but in such cases the rate of reduction is 
considerably reduced.* 

2404. Citral is converted into citronellal over nickel at 190° under reduced pressure, 
and also under ordinary pressure at 180°. Limonene at 20 mm. undergoes 10 per cent 
hydrogenation, but for further catalysis to take place the pressure must be raised to 
150-200 mm. Geraniol at ordinary pressure and at 160°-165° with platinum oxide as 
catalyst gives p-men thane in addition to the products obtained by Enklaar; under 
reduced pressure, citronellol is obtained, at which stage reduction ceases. The methyl- 
heptenols yield the corresponding saturated alcohols; the dehydration and ketonic 
fission which occur at ordinary pressures with nickel and platinum, respectively, are thus 
avoided. CEscourrou, Chim. el Ind. f 1925, 14, 519. See also Escourrou, Parfums de 
France , 1925, No. 26, 86.] 

2405. Citronellal to dihydrocitronellal. No reduction of the aldehyde group was 
observed. CSabetay an( j Bigger, Bull. Soc. Chim., 1928 (iv), 43, 839.] 

2405A. Citronellal to dihydrocitronellol (7-tydimethyloctanol). Nickel catalyst. 
CRupe and Rinderknecht, Helv. Chim. Acla , 1924, 7, 541.] See para. 2353 A for work 
by Suzuki on hydrogenation of citronellal. 

1 Ad&ms and Garvey, J. Amer. Chem. Soc., 1928, 48, 477. 

* Brit. Chem. Abst., 1928, 500A. 
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2406. Piperonal to piperonyl alcohol (m.p. 54°). Liquid phase : platinum-black 
catalyst. £Vavon, Compt. rend., 1912, 164, 359.] 

2406 A. Piperonal to piperonyl alcohol with Adams- Voorhees platinum-oxide cata- 
lyst. See under Benzaldehyde, para. 1900.] 

2407. Piperonal to piperonyl alcohol. Decalin solution : nickel catalyst. CBraun 
and Wirz, Bcr ., 1927, 60B, 102.] 

2408. Camphene-2-carboxylic acid to dihydrocamphene-2-carboxylic acid. Glacial 
acetic acid solution : palladium-black. 

2409. 6-Chloro-earnphane-2-carboxylic acid amide to camphane-2-carboxylic acid 
amide (hydropinene-carboxylic acid amide). Glacial acetic acid solution : palladium- 
black. CHouben and Pfankuch, Ber., 1926, 69B, 2285.] 

2410. Dihydrocamphene-l-carboxylic acid. See Ibid ., 960. 

2411. Camphoric anhydride to campholid. Gas phase : nickel catalyst. 


CaHi 


/ co \ 


o 


Nx/ 


/ ch n 

C.H„ O 


CEijkman, Chem. Weekblad., 4, 191.] 

2412. Campholanic Acid. The cw-acid was prepared by the reduction of cam- 
pholenic acid with hydrogen and platinum-black. CLipp, Bcr., 1922, 66, 1883.] It was 
distilled at 140/1 mm. 

2413. The Iran. s-acid was obtained by reducing campholenamide in the same way 
(ibid.) and hydrolyzing the campholanamide first formed by boiling for fifty hours 
with 3 g. of potassium hydroxide in 15 cc. of alcohol. £Goss and Ingold, J. Chem. 
Soc ., 1925, 127, 2780.] 

2414. Kthyl-/3-camphorylidenepropionate to ethyl-camphorylpropionate. Nickel 
catalyst. CHupe and Tschopp, Helv. Chim. Acta, 1925, 8, 351.] 

2416. Camphorone to dihydrocamphorone, b.p. 182°. Gas phase : 130° : nickel 
catalyst. QGodchot and Taboury, Compt. rend., 1913, 166, 460.] 



2416. Dihydrocamphorone, CHj-CH CH-CH(CHi)t methylisopropyl- 

\:h,-ch/ 

cyclopentane. Gas phase : 130° C. : active nickel catalyst. CGodchot and Taboury, 
Compt. rend., 1913, 166, 470 ] 

2417. Carone hydrogenated in acetic acid solution in presence of gum arabic protected 
colloidal platinum (germ method), under hydrogen pressure of 2 atmospheres, gave, after 
absorption equivalent to 1 molecule of hydrogen, p-menthan-2-onc. 

2418. On continuing until 2 molecules had been absorbed, the products were : 
p-mcnthane (small quantity), p-menthan-2-ol, and-/-p-men thane-2 : 8-diol. Dyer 
and Sirnonsen, J. Chem. Soc., 1926, 129, 2049.] 

2419. Carvonc to tetrahydrocarvone. Liquid phase : colloidal palladium catalyst. 
[[Sabatier: Catalysis, 662.] 

2420. With 20 per cent platinum-black carvone hydrogenates successively to carvo- 
tanacetone, tetrahydrocarvone and finally carvomenthol. CVavon, Compt. rend., 1911, 
163, 68 .] 

2421. By Ipatiev’s method, with 11 nickel oxide ” catalyst at 280° and 120-130 
atmospheres, carvone is hydrogenated to carvomenthone. CSabatier: Catalysis, 
691.] 

2422. In the gas phase (160°-180°) over nickel, carvone forms a mixture of hydro- 
carvols. Dialler and Martine, Compt. rend., 1905, 140, 1302.] 
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2423. Hydro xymethylenetetrahydrocarvone gives the oxide: 

CHCH, 

/\ 

CH, CH O 

I I A 

CH, CH CH, 

\/ 

chc,h 7 

on hydrogenation in alcohol solution with a nickel catalyst. CRupe and Schafer, Ilelv . 
Chim. Ada , 1928, 11, 463; Bril. Chem. Abst., 1928, 645A.] 

2424. Eucarvone is hydrogenated with colloidal palladium catalyst. Wallach, 
Annalen , 1904, 336, 37. 

2426. CioHuO (from pemitrosoketocineol) to an alcohol CioH«,0. Ether solution : 
platinum-black catalyst. CD’Ambrosio, Gazz. chim. Hal ., 1927, 717; Chem. Abst., 1928, 
22, 774). 

2426. a and 0 Ionones, in aqueous alcohol solution, at 1 atmosphere plus pressure 
with colloidal palladium catalyst with gum arabic, give first the dihydroionones (cedar 
smell) and then the tetrahydroionones. QSkita, Meyer and Bergen, Ber., 1912, 46, 
3312. See para. 2355A for partial hydrogenation as means of improving ionones.] 

2427. Desoxy-a-kessylene ketone to desoxy-ar-kessylanone. Palladium catalyst. 
CAsahinaand Nakanishi,J. P/uzrm. Soc., Japan, 1927,644,485; Chem. Abst. , 1927, 21,3361; 
see also: Chem. Abst., 1928, 22, 1767.] This is a product from Valeriana ojficinialis. 

2428. Menthone to d-neomenthol. Platinum-black catalyst. CVavon and Couderc, 
Compt. rend., 1924, 179, 405.] 

2429. According to Pickard and Littlebury £7. Chem. Soc ., 1912, 101, 109], menthone 
(semicarbazone), on reduction by the method of Sabatier and Senderens, gives a mixture 
of menthol (m.p. 34°) and neo-menthol (m.p. 51°). 

2430. /-Menthone to menthol. Fifty per cent alcohol : platinum-black catalyst. 
CVavon, Compt. rend., 1912, 166, 287.] 

2431. Schall and Kirst. Cathodic Reduction of Ketones. [Z. Elektrochem., 1923, 
29, 537-546.] Study of electrolytic reduction of /-menthone with production of /- men- 
thol, men thane, pinacol, hexahydrocymene, mercury dimen thyl, according to nature 
of cathode. 

2432. Naringenin, 2, 4, 6-trioxychalcone, to phlorctin. Alcohol solution : palladium 
catalyst. QRoeenmund and Rosen mund, Ber., 1928, 61B, 2612.] 

2433. Chalcones to hydrochalcones. Ethanol solution : palladium-black catalyst. 
CBargellini and Monti, Gazz. chim. ital., 1914, 44, II, 25.] 

2434. A number of catalytic reductions of chalcones to hydrochalcones and of these, 
by non-catalytic methods, to hydrochalcols, are reported by Pfeiffer, Kalckbrenner, 
Kunze and Levin, J. prakt. Chem., 1928, 119, 109. 

2436. o- Hydroxystyryl phenyl ketone to 0-o-hydroxyphenylethyl phenyl ketone. 
Platinum-black catalyst. CMnrui, Sci. Papers T6hoku Imp. Univ., 1928, 17, 695.] This 
is part of a research on the relation of constitution to pungency. The product of this 
hydrogenation is sweet and pungent. 

2436. Ngaione (from Myoporum latum , the “ ngaio ”) to tetrahydrongaione. Ten 
per cent suspension in 50 per cent ethyl alcohol : Paal’s colloidal palladium catalyst : 1 J 
atmospheres pressure. 

2437. Ngaiol (an alcohol obtained by reduction of ngaione) to dihydrongaiol, treated 
in the same way, the operation being suspended when 1 molecular equivalent of hydrogen 
had been absorbed. When for Paal’s colloidal palladium, Skita’s colloidal palladium or 
platinum was substituted a glycol, CuH*o(OH)j, was obtained in considerable propor- 
tion. This may have been due to the slight acidity of Skita’s preparation. 

2438. Tetrahydrongaiene dioxide took up hydrogen slowly yielding CuHuOj. 1 

1 McDowall, J. Chem. Soc., Apr. 1927, p. 731. 
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2439 . When, in hydrogenation of ng&iol, platinum-black catalyst and acetic acid solu- 
tion are used an oxido-glycol, CnH M 0(0H)t is obtained, which is not the same as the 
product obtained with Skita’s catalyst (para. 2437). C Idem , Ibid., 1928 , 1324.] 

2440 . Catalytic Reduction of d/-Piperitone. Carefully purified cft-piperitone was 
hydrogenated at the ordinary temperature, under a pressure of 0.25 atmosphere, in 
presence of colloidal palladium. The mixed yields from four operations, when systemati- 
cally distilled under diminished pressure, gave a main fraction, b.p. 90°-93°/18 mm., 
n*D 1.4580; this was optically inactive and appeared to be practically identical with 
a product which consisted of dZ-isomenthone. Upon reducing 18 g. of the preceding prod- 
uct with sodium and alcohol, a yield of 15.5 g. of crude menthol was obtained. dJ-iso- 
Menthone prepared by the catalytic reduction of dJ-piperitone gave a similar product, 
which, however, furnished a considerably higher proportion of the crystalline oxime. 
CRead and Cook, J. Chem. Soc., 1925, 127, 2786.] 

2441 . J-Piperitone to d-iso-menthone. d-Piperitone to i-iso-menthone. d-Pulegone 
and l-b'-p- menthen-3-1 to mixtures of d-iso-menthone and J-menthone. £Read and 
Robertson, J. Chem. Soc., 1926, 2209.] 

2442 . Pulegone (b.p. 221°) to pulegomenthone. Gas phase : 140°-160° : nickel : 
brisk current of hydrogen : 25-35 g. per hour; 5 g. nickel-pumice. Conditions essen- 
tial to prevent tar formation. 



CHaller and Martine, Compt. rend., 1905, 140 , 1298.] 

2443 . Apparently, hydrogenation in alcoholic solution with platinum-black catalyst 
gives the same product. CVavon, Compt. rend., 1912, 166 , 287.] 

2444 . d-Pulegone to d-isomenthone and f-menthone. Likewise J-A^p-menthen-S-one. 
CRead and Robertson, J. Chem. Soc.. 1926 , 2209; C. A., 1927, 21 , 78.] 

2446 . Benzylidenepulegone to benzylmcnthone. Solution in 82 per cent ethanol : 
nickel catalyst : 90 per cent yield. CRupe and Schafer, Helv. Chim. Acta, 1928, 11 , 463.] 

2446 . Tagetone ( r^methyl- 7 -methy lene-Aa-octen-*-one) to y, »j-dimethyloctan-«-one 
by catalytic hydrogenation. Gas phase : 180° : nickel-pumice catalyst. Also in ether 
solution with platinum black. Clones and Smith, J. Chem. Soc., 1925, 27 , 2530.] 

2447 . 777 -Dimethyl-Aa-octen-«-one was similarly reduced to 7 - 17 -dimethyloctan-e 
one. Ubid.l 

2448 . Thujone and isothujone with colloidal palladium catalyst, at 2 atmospheres 
pressure add H*. CWallach, Annalen , 1904, 336 , 37.] 

2449 . Thymoquinone [(CHi)(C*H 7 )(1, 4)C#H*(2, 5)0*] to corresponding diphenol. 
Gas phase at 200° C. Nickel catalyst. CSabatier: Catalysis, 442 .] 

2460 . Zingerone: hydrogenation of condensation products. Zingerone (0-4-hydroxy- 
3-methoxyphenylethyl methyl ketone) condensed with n-butyraldehyde gives 0-4- 
hydroxy-3-methoxyphenylcthyl n-pentenyl ketone and this on catalytic reduction with 
platinum-black yields 0-4-hydroxy-3-methoxyphenylethyl n-pentyl ketone. With n-val- 
eraldehyde the product is 0-4-methoxyphcnylethyl n-hexenyl ketone, which also under- 
goes hydrogenation to the saturated ketone. CNomura and Choi, Set. Rep. Tdhohu Imp. 
Univ., 1928, 17, 707.] 



CHAPTER XXV 


HYDROGENATIONS AT NITROGEN LINKAGES 

I 

NITRITES AND NITRO COMPOUNDS 

2500. Methyl Nitrite to Methylamines. In the gas phase at 180° C. over a nickel 
catalyst methyl nitrite yields a mixture of amines with the secondary amine predominat- 
ing. CGaudion, Ann . Chim. Phys., 1912 (8), 26, 129.21 1 

2501. Propyl nitrite to a mixture of amines, propyl-amine, dipropyl-amine and tri- 
propyl-amine, the secondary amine in largest yield. Gas phase : 200° : nickel catalyst. 
CGaudion, Ann. Chim. Phys ., 1912 (8), 25, 129.] 

2502. Isopropyl nitrite, at 200° over nickel, gives a mixture of isopropyl-amines, the 
secondary amine predominating. CGaudion, Ann. Chim. Phys., 1912, (8), 25, 129.] 

2503. Isobutyl nitrite at 220° over nickel gives a mixture of the isoamyl-amines, the 
di-isoamyl-amine being formed in largest quantity. CGaudion, Ann. Chim. Phys., 1912 
(8), 25, 129.] 

2504. Isoamyl nitrite over nickel at 220° gives 31 per cent mono-, 62 per cent di-, and 
7 per cent tri-iso-amyl-amine. CGaudion, Ann. Chim. Phys., 1912 (8), 25, 129.] 

2505. Special Nickel Catalyst for the Catalytic Reduction of Organic Nitrocom- 
pounds. For the preparation of a nickel catalyst, dust-free air is passed for four hours 
at 70° through aqueous nickel nitrate solution containing 25 per cent ammonia and 
finely divided silica gel, the precipitate being dried and reduced in hydrogen first at 
100°-130° and then at 550°; the catalyst is finally cooled in hydrogen or nitrogen and 
transferred to the liquid (water, pyridine, decalin) for use. The precipitate obtained 
by adding nickel nitrate solution at 70° dropwise to a very dilute sodium carbonate solu- 
tion may be similarly worked up. These catalysts are used in the reduction of various 
nitrocompounds with hydrogen at 60°-100° to give amines and diamines, namely, 
a-naphthylamine, m- and p-phenylenediamines, cresidine, ochloroaniline, 4chloro-a- 
naphthylamine (m.p. 95°), an iline-o-sul phonic acid, o-aminoacetanilide (m.p. 120°-121°) 
hydrochloride, (m.p. 132°), p-aminoacetanilide, p-aminobenzoic acid, ethyl 3-amino-4- 
hydroxybenzoate, naphthostyril and 5-ami no- 1 -naphthoic acid (from 1 : 5[8)-nitronaph- 
thoic acid), 2 : 5-dichloroaniline (m.p. 50°), 2:4: 6-triaminotriphenyl-l : 3 : 5- 
triazine, 5-araino-acenaphthene, methyl 5-m-nitrobenzoylsalicylate (m.p. 130°-131°) 
3-amino-p-tolyl carbonate (m.p. 146°-147°), 4chloro-2-aminophenol; bcnzeneazosalicy- 
lic acid gives 5-aminosalicylic acid, and azoxybenzene yields aniline. Reduction of 
nitrites under these conditions gives a larger proportion of primary and less secondary 
amine. From phenylacetonitrile are obtained 63 per cent of 0-phenylethylamine and 
18 per cent of secondary base; from p-nitrophenylacetonitrile p-aminophenylacetonitrile 
and fl-p-aminophenylethylamine, b.p. about 147°-11 mm., result at 50° and 90°, respec- 
tively. Similarly a-naphtho-nitrile gives (l-naphthylmethyl)amine (70 per cent) and 

, See: Davis and Elderfield. The catalytic preparation of mothylamine from methyl 
alcohol and ammonia, Publ. Mass. Inst. Tech., 1928, 64, No. 37. 
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di-(l-naphthylmethyl)amine (20 per cent), acetonitrile ethylamine, and proprionitrile 
n-propylamine (80 per cent). Other reductions described are: crotonaldehyde to n-but- 
aldehyde and thence to n-butyl alcohol; cinnamonitrile to 0-phenylpropionitrile and 
thence to 7-phenyl-n-butylamine; acetophenone to phenylmethylcarbinol and thence to 
ethylbenzene; diethyl ketone to diethylcarbinol (7-hydroxypentane) ; ethyl acetoacetate 
to ethyl 7-hydroxy-butyrate; 2-p-toluoyl ben zoic acid to 4-methyldiphenyl-methane-2'- 
carboxylic acid, and the nitro-compound to 3-amino-4-methyldiphenylmethane-2'-car- 
boxylic acid, m.p. 130°-136°; benzophenone to diphenylmethane, b.p. 260°-262°; m- 
nitro-p-tolyl sulpho-a-naphthyl ketone to m-amino-p-tolylsulpho-l-naphthylmethane; 
2 : 2 ; -di-nitrodi-p-anisyl ketone to 2 : 2'-diaminodi-p-anisylmethane, m.p. 110°; phenyl 
m-nitro-p-tolyl ketone to 3-amino-4-methyldiphenylmethane (hydrochloride, m.p. 218°); 
3-nitro-di-p-tolylketone to 3-aminodi-p-tolylmethane (hydrochloride, m.p. 210°-211°); 
acetoxime to isopropylamine; quinaldine to tetrahydroquinaldine at 80°, or decahydro- 
quinaldine at 130°; pyridines to piperidines.* 

2506. Catalytic Activity of Tin in Reduction of Nitro-compounds. 3 Tin is a good 
catalyst for the reduction of nitrobenzene, o-nitrotoluene, and o-nitroanisole by hydro- 
gen. Of all the forms of tin catalyst investigated, that made from stannous hydroxide, 
prepared by the action of sodium carbonate on a solution of stannous chloride, is the 
most efficient. Oxidation of the hydroxide, prior to reduction to the metal, increased 
the efficiency of the resulting catalyst; the lower the temperature of oxidation, within 
the limits examined (150°-300°). the better the resulting catalyst. The lower the tem- 
perature of reduction of the oxide, within the limits of the experiments, likewise the 
better the resulting catalyst. A tin catalyst in the form of coarse lumps is better than 
the powdered form. The behavior of the catalyst in iron and glass tubes is very differ- 
ent, a higher temperature being necessary in glass tubes than in iron for the same results. 
Tin permits of a larger variation of temperature than many other catalysts. Probably 
275°-294° is the best temperature for the production of aniline when a glass tube is used. 
The best rates of flow of nitrobenzene and hydrogen with the tin catalyst compare closely 
with those for a copper catalyst. When o-nitrotoluene and o-nitroanisole were used 
instead of nitrobenzene, yields of 94 per cent and 93 per cent were obtained of o-toluidine 
and o-anisidine respectively. Experiments carried out in a larger apparatus gave yields 
of 99 per cent of aniline and 98-99 per cent of o-toluidine. 4 

2607. Titania Catalyst for Reduction of Nitro-compounds in the Vapor Phase. 1 
The work was done on nitrobenzene. Titanium hydroxide precipitated by ammonia 
from a boiling 2.25 per cent aqueous solution of titanium trichloride, was dried at 100° C. 
and reduced in hydrogen at 302° C. This produced a catalyst which gave a minimum 
of by-products when used at 282° C. The best yields were obtained with a hydrogen 
flow of 14 liters an hour and a nitrobenzene flow of 4.05 $., over 14 g. of catalyst. The 
addition of 5 per cent of manganese improved the color of the product. Ignited catalysts 
gave by-products. 

2507A. Busch and Schulz effect the hydrogenation of nitro compounds by boiling 
them in alcoholic 5 per cent potassium hydroxide, the hydrogen being furnished by the 
decomposition of hydrazine hydrate in presence of palladized calcium carbonate. The 
reaction goes better in methanol than in ethanol. Thus, nitrobenzene in ethanol yields 
azoxvbenzene, in methanol it gives azobenzene. By increasing the quantity of catalyst 
hydrazobenzene and, ultimately, aniline are obtained. The method has been applied 
to nitrophenols, to m-nitrobenzenesulphonic acid, to nitranilines and to many other nitro- 
aromatic compounds. ZBcr. 1929, 62B, 1458; Brit. Chem. Abst., 1929, 923A.] 

2508. Nitromethane to methyl-amine. Gas phase : 150°-180° : nickel catalyst : no 

* French Pat. 621,434. July 20. 1926; Ger. Pat., July 22, 1925; additional to Brit. Pat. 
255.884. to the I. G.; Brit. Chcm. Abst ., 1928, 361B. 

1 Brown and Henke. J. Phys. Chem., 1923, 27 , 52, 739. 

4 J. Chem. Soc ., Abst. 1923 , i, 201. 

1 Fzel, J. Phys. Chem., 1928, 32 , 852; Chem. Abst., 1928, 22 , 3338. 
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side reactions. Between 200° and 300°, methane, ammonia, dimethyl-amine and tri- 
methyl-amine are also produced. 

2609. Over copper between 300° and 400° (no reduction below 300° C.) or, more 
slowly, over platinum sponge at 300°, nitromethane is hydrogenated to methyl-amine, 
but with the production of a foul-smelling liquid, which deposits crystals of the methyl- 
amine salt of nitromethane. [Sabatier and Senderens, Compt. rend., 1902, 136, 226.] 

2610. Nitromethane and Aliphatic Nitro Alcohols to Hydroxylamines. The condi- 
tions under which aliphatic nitro-alcohols can be reduced to the corresponding hydroxyl- 
amines without simultaneous formation of the amines have been determined. The suc- 
cess of the method appears to depend on the maintenance of a suitable hydrogen-ion 
concentration in the solution. 

Reduction is effected with hydrogen in the presence of palladized barium sulphate. 
Nitromethane and a-nitropropan- 8 -ol in aqueous solution in the presence of oxalic acid 
give hydroxylaminomethane oxalate (NHCH,*OH),,C,H,0 4 , m.p. 158° (decomp.), and 
a-hydroxylaminopropan-0-ol oxalate, m.p. 111° (decomp.). In 96 per cent alcoholic 
solution, a-nitrobutan- 0 -ol and a-nitropentan- 0 -ol similarly afford a-hydroxylamino- 
butan- 0 -ol oxalate, mp.. 100 °- 101 ° (decomp.), and a-hydroxylaminopentan 0o\ oxalate, 
m.p. 99° (decomp.), whereas for the production of a-hydroxylamino-n-methylpentan-0-ol 
oxalate (decomp. 144°-145°), the addition of acetic acid is necessary. a-Nitro- 7 -methyl- 
butan- 0 -ol is hydrogenated in aqueous alcoholic solution in the presence of oxalic acid to 
a-hydroxylamino- 7 -methylbutan-^-ol oxalate (m.p. 106°-108° (decomp.), whereas the 
production of a-hydroxylamino-octan-0-ol oxalate, decomp. 142°-143°), requires the 
simultaneous presence of acetic acid. [Schmidt, Ascherl and Mayer, Ber., 1925, 68 , 2430, 
Brit. Chem. Abet., 1926, 45A.] 

2611. Nitromethane and aliphatic nitro-alcohols, hydrogenated with palladium 
(5 per cent) on barium sulphate: aqueous solution. [See Traube and Schulz, Ber., 1923, 
66 , I860.] 

2611A. Example: Nitromethane 6.1 g., oxalic acid crystals 6.3 g., water 77 cc., cata- 
lyst 1 g., hydrogen 100cc., gives hydroxylaminomethane oxalate (CH,- NH- OH), H,C,O0. 

261 IB. Nitropropanol gives l-hydroxylamino-propanol-2-oxalate, 

[CH , • CH(OH) • CH, • NH • OH],H,C,0 4 . 


2611C. Nitrobutanol (2) gives l-hydroxylamino-butanol-2-oxalate, 
[CH , • CH, • CH (OH) • CH, • NH • OH],H,C,0 4 . 


2611D. 4-Nitro-2-methyl-butanol-3 gives 4-hydroxylamino-2-methyl-butanol-3-oxa- 
late 


[(CH ,), • CH • CH(OH) • CH, • NH • 0H1,H,C,0 4 . 


2611E. l-Nitropentanol-2 gives 1 -hydroxyl amino-pen tanol-2-oxalate 
[CH .(CH,), • CH(OH) • CH, • NH • OH],H,C,0 4 . 


2611F. 5-Nitro-2-methyl-pentanol-4 gives 5-hydroxylamino-2-methyl-4-pentanol- 
oxalate, 


[(CH ,),CH • CH, • CH(OH) • CH, • NH • OH],H,C,0 4 . 


2611G. l-Nitro-octanol-2 gives 1 -hydro xylamino-octanol-2-oxalate, 

[CH , • (CH,), • CH(OH) • CH, • NH(0H)],H,C,0 4 . 

[Schmidt, Ascherl and Mayer, Ber., 1925, 68 , 2430.] 

2612. Nitroethane to ethyl-amine (with diethyl-amine, triethyl-amine and ammonia). 
Gas phase : 200° : nickel catalyst. Above 350° some ethane and methane are produced. 
[Sabatier and Senderens, Compt. rend., 1902, 136, 227.] 
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2613. With a copper catalyst at 300°-400° nitroe thane is hydrogenated easily to 
ethyl-amine. (Ibid.) 

2614. Nitropyruvic ureide NH • CO • NH • CO • C : CHNOi to the oxime of hydantoin- 

5-aldehyde NH-CO’NHCO-C H-CH-NOH with Voorhees- Adams catalyst. 9.3 g. 

ureide suspended in 100 cc. glacial acetic acid : 0.1 g. catalyst : atmospheric pressure : 
forty-five minutes. [Davidson, J. Am. Chem. Soc., 1925, 47, 1722.] 

2616. Aromatic Nitro-compounds to Amines. Various solvents, especially ethanol, 
ethyl acetate and acetone. Adams platinum-black catalyst. 

2616A. m-Nitrobenzalacetophenone to m-aminobenzalacetophenone. 

2616B. m-Nitrobenzylacetophenone to m-aminobenzylacetophenone. 

2616C. m-Nitrobenzalacetone to m-aminobenzalacetone. 

2616D. m-Nitrobenzylacetone to m-aminobenzyl acetone.* 

2616. Nitrobenzene (0.1 mol.) in absolute alcohol (150 cc.) is reduced quantitatively 
to aniline in ten to eleven minutes by hydrogen at 2-3 atmospheres pressure in presence 
of 0.2 g. of platinum-black prepared by reduction of platinum oxide. Replacement of a 
portion of the alcohol by water decreases the rate of reduction. The rate of reduction 
in methyl and n-propyl alcohols is the same as that in ethyl alcohol, but is progressively 
less in n-butyl and isoamyl alcohols. Ethyl acetate and acetone are as satisfactory sol- 
vents as is 95 per cent alcohol, but the reduction is much slower in dry ether and still 
slower in glacial acetic acid. All the nitro-toluenes and nitrobenzoic acids, o- and p- 
chloronitro-benzenes, p-nitroanisole, and /Miitrophenetole are reduced under the above 
conditions at approximately the same rate as nitrobenzene, while the methyl nitroben- 
zoates and 1-nitronaphthalene are reduced more rapidly. Exhaustive reduction of the 
above chloronitrobenzenes under these conditions yielded some cyclohexylamine hydro- 
chloride. Addition of hydrochloric and acetic acids decreases the rate of reduction, 
while this is completely inhibited by the addition of 0.025 mol. of sodium hydroxide in 
saturated aqueous solution, or by 0.0005 mol. of zinc acetate. Under the above condi- 
tions, m-nitrostyryl methyl ketone, phenyl m-nitrostyryl ketone, and ethyl m-nitrocinna- 
mate undergo reduction only at the nitro-group. Addition of acetic acid retards the 
reaction, but this proceeds until the ethylene linking is also reduced. In the case of a 
mixture of nitrobenzene and safrole, the former is reduced first, and no reduction takes 
place in presence of sodium hydroxide. Addition of the latter docs not, however, 
inhibit reduction of safrole alone, indicating the probable formation of a non-reducible 
compound between the nitrobenzene and the sodium hydroxide. The inhibition of 
the reduction of nitrobenzene by zinc acetate is partly prevented if safrole is also 
present.* 

2617. In manufacturing aromatic amines, a catalytic mass obtained from copper 
salts with the addition of salts or oxides of other heavy metals (iron, silver, zinc) may be 
used. The reduction of copper salts is effected before or after the addition of the heavy 
metal compounds. [Chem. AbsL, 1915, 9, 2569.] 7 

2618. In catalytic hydrogenations, especially the reduction of aromatic nitro com- 
pounds to amines, the hydrogen may be wholly or partly replaced by a mixture of car- 
bon monoxide and steam. For example, aniline can be prepared by passing a mixture 
of nitrobenzene and gas, containing carbon monoxide and steam, over a copper catalyst 
produced by coating pumice with a mixture of copper carbonate, zinc carbonate, and 
sodium silicate and reducing. 1 

2619. Aromatic Amines: Preparation of. Aromatic nitro-compounds are reduced 
by hydrogen or a mixture of hydrogen with other gases e.g., with carbon dioxide or with 
gases containing carbon dioxide, in presence of water and a catalyst, under high pressure 
and at a temperature above the boiling-point of the amine produced. Iron turnings may 

• Adams. Cohen and Rees. J. Amcr. Chem. Soc., 1927, 49 , 1093. 

7 Ger. Pat. 283,449, Mar. 6, 1914 (addition to 282,568), to the Badische Company. 

8 Brit. Pat. 6409, Apr. 29, 1915, to the Badische Co.; Chem. Abet., 1916, 10, 2971. 
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be used as catalyst. The process may be made continuous by providing a loaded valve 
for the escape of the amine vapor. 9 U.S.C.I. , 1915, 34, 943.] 

2520. Sulphides for Nitro Reduction. Since sodium or ammonium polysulphides 
and thiosulphates are reduced to sulphides, especially in presence of silica gel, heavy 
metal oxides, etc., by hydrogen or carbon monoxide at high pressures (100-200 atmos- 
pheres) and temperatures (150°-180°), a small amount of sulphide is sufficient in the 
presence of these gases under these conditions to reduce a large quantity of aromatic 
nitro-compound. The sulphide may be replaced by caustic alkali (or ammonia) and sul- 
phur, or by polysulphides or thiosulphates. Part of the thiosulphate formed (or intro- 
duced) is converted at the temperatures used into sulphate; by employing 1.7-5 per 
cent of the ammonium sulphide theoretically required there is obtained at the end of the 
reduction ammonium sulphate free from sulphide or thiosulphate. The hydrogen and 
carbon monoxide need not be purified. 10 

2521. Herold and Koppe 11 obtain primary aromatic amines by treating the corre- 
sponding nitro-com pounds with hydrogen or carbon monoxide, or both, at 100° C., or 
higher, under 100 atmospheres pressure, in the presence of soluble sulphides in quantity 
insufficient for the complete reduction. 

2522. Aromatic nitro-compounds are reduced to amines by hydrogen under 140-200 
atmospheres pressure in presence of a metal catalyst (iron powder, spongy iron, nickel 
deposited on zeolite). Catalyst poisons (e.g., sulphur) must be present in the nitro-com- 
pound, or the reducing gas to diminish the activity of the catalyst. Reaction begins at 
about 100°; 150°-200° is recommended. 11 

2523. Aromatic nitro-compounds are treated with gases containing hydrogen sulphide 
(e.g., crude coal gas), preferably admixed with a basic substance such as ammonia, by 
passing simultaneously through a layer of porous animal or vegetable charcoal (cf. Ger. 
Pat. 290,656). The nitro-compound is reduced to the amine with evolution of heat, the 
sulphur formed being deposited within the pores of the carbon. The carbon loses its 
activity when it has absorbed about its own weight of sulphur, but can be reactivated 
by removing the sulphur either by melting, heating, or extraction with a solvent. The 
rate of reduction is greatly increased by the presence of a small percentage of basic sub- 
stance. Thus, nitrobenzene vapor is reduced to aniline by a gas containing 10 g. of 
hydrogen sulphide and 0.5 g. of ammonia per cubic meter. 11 

2524. Preparation of Primary Aromatic Amines. In the catalytic reduction of 
technical aromatic nitro-compounds, the effect of catalyst poisons is avoided by adding 
to the catalyst an alkaline earth metal, aluminum, rare earths, or compounds of these. 
An activator, such as chromium oxide, manganese oxide, alkali, or alkali silicate, is 
usually also added. Thus, dry copper carbonate is ground with calcium oxide to a fine 
powder, pasted on pumice with sodium silicate solution, and reduced at 220°-230° to 
form a catalyst suitable for reduction of crude nitrobenzene vapor at 200°. Technical 
o-nitrotoluene and 3 nitro-o-xylene may similarly be used. 14 

2525. Reduction of Organic Nitro-compounds. Kahn and Mayer l§ silica-gel 
impregnated with copper (or other suitable heavy metal such as nickel) is used as cata- 
lyst in hydrogenation of nitro-compounds in the vapor phase. Examples given are: 

•Ger. Pat. 281,100, Feb. 0, 1914, to von Gireewald. 

10 Brit. Chem. Abat., 1928 , 780; Brit. Pat. 295,824, Aug. 4, 1927, to Johnson as agent of 
I. G. Farbenind. A.-G.; French Pat. 639,557, Aug. 16, 1927, to I. G.; Ger. Pat. 467,638, 
Jan. 1, 1927. to I. G. (Herold named as inventor.) 

11 U. S. Pat. 1,662,421, Mar. 13, 1928. 

11 Brit. Chem. Abat., 1928 , 846B; Brit. Pat. 297,212, Nov. 10, 1927, to Johnson as agent of 
I. G. Farbenind, A.-G. 

11 Ger. Pat. 388,185, 1921, to Bayer Co. and Engelhardt; J. S. C. /., 1924 , S08B, from 
Chem. Zentr ., 1924, ii, 545. 

14 Brit. Chem. Abat., 1927 , 579B. Ger. Pat. 436,820, Jan. 12, 1924, to I. G. Farbenind. A.-G. 
assignees of Schmidt and Feller. 

u U. 8. Pat. 1,639,180, Aug. 10, 1927, assigned to Grasselli Dyestuff Corp. 
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Nitrobenzene to aniline at 200° C. The nitrotoluenes to the corresponding toluidines at 
220°-225° C. Alpha-nitronaphthalene to alpha-naphthylamine, with superheated 
steam and hydrogen at 240° C. 3-nitropyridine to 3-aminopyridine at 200°-250° C. 
Nitromethane to methyiamine at 180° C. 

2526. Nitro-compounds are reduced, in the presence of a catalyst, by gases contain- 
ing carbon monoxide, but kept free from metal carbonyls, particularly iron carbonyl, by 
excluding iron from the inner surface of the contact chamber and from the inlet pipe, 
by coppering these or otherwise. For example, over a contact mass at 180°-250°, is 
led a mixture of nitrobenzene vapor and water-gas, the latter having been desulphurized 
in the usual way and then freed from metal carbonyls by leading over activated charcoal. 
The contact mass remains active for a long time. The yield of aniline is quantitative. 
Water and carbon dioxide are also formed, and after absorption of the latter, the gases 
leaving the contact chamber can be used again. The moist aniline, after distillation, is 
obtained quite pure. Nitro-compounds can be reduced in gaseous condition or as 
liquids in solution, with or without application of pressure. 16 

2527. Nitrobenzene. In gas phase. Over nickel of limited activity, at 200°, the 
vapors of nitrobenzene are hydrogenated to aniline. But above that temperature, or 
with fully active nickel, the aromatic nucleus is hydrogenated and more or less cyclo- 
hexylamine is produced. ^Sabatier and Senderens, Compt. rend., 1902, 135, 226.] 

2527A. Above 250°, benzene and ammonia are formed, and, above 300°, the benzene 
nucleus breaks up with the production of methane : 

C.H*NO, + 13 Hi = 6CH 4 + NH, + 2H,0. 

2527B. A German Patent 139,457, of July 26, 1901, to J. B. Senderens, is probably 
the first patent record having to do with the reduction of organic bodies by hydrogen 
in the presence of nickel catalyst. This patent is for the production of aniline from 
nitrobenzol and involves passing the latter body in the form of a vapor over heated 
nickel, copper, cobalt, iron or palladium in the presence of hydrogen. The hydrogen 
may be in the pure state or in the form of water-gas. 

2628. Aniline may be made by passing the vapors of nitrobenzene, with hydrogen 
and steam, at 120°, over catalytic nickel. The yield is said to be quantitative. 17 

2629. According to Sabatier and Senderens, copper is the !>est catalyst for the hydro- 
genation of nitrobenzene to aniline, in the gas phase, because it does not cause hydro- 
genation of the aromatic nucleus. The reaction commences at 230° and is rapid and 
regular between 300° and 400°. The hydrogen may, on the commercial scale, be replaced 
by water gas. The reducing gas should be in excess. The yield is about 98 per cent of 
aniline, with only traces of nitrobenzene and azobenzene. [[Sabatier and Senderens, 
Compt . rend., 1901, 133,321; Sabatier, Fifth Congr. Pure and Appl. Chem., Berlin , 1902, II, 
617; Senderens, French Pat. 312,615, 1901.] 

2630. Palladium. Palladium previously charged with hydrogen was used by Graham 
to reduce nitrobenzene to aniline. 

2631. Saytzeff showed that hydrogen acting on nitrobenzene in the presence of palla- 
dium reduced the nitrobenzene to aniline. U. prakt. Chem., 1871, (2), 4, 418.] 

2532. Platinum in various forms can catalyze the hydrogenation of nitrobenzene to 
aniline, but the activity is slight and, unless the hydrogen is in large excess, hydrazoben- 
zene is formed. ^Sabatier and Senderens. Ann. Chim. Phys., 1905 (8), 4 , 414.] 

2533. By passing vapors of nitrobenzene and methanol (the latter in excess) over 
thoria at 420°, aniline is produced. The reduction is due to the products (2H f and CO) 
of the decomposition of the methanol. ^Sabatier and Murat, Compt. rend., 1913, 167, 
1499: Bull. Soc. Chim.. 1914 (4). 16. 227.] 

2534. Nitrobenzene to aniline in the vapor phase. [Semeria and Milone, Atti 

18 Brit. Chem. Absf., 1926, K70B: C.cr. Pat. 429.102, Aug. 29, 1924, to I. G. Farbenind. 
A.-G., assignees of Srhmidt and Johansson. 

17 Ger. Pat. 282,492, 1913, to Meiater, Lucius and BrQning. 
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accad. sci. Torino , 1927-1928, 63, parts 1-3; Chem. Abst ., 1928, 22, 2098. A study of 
the hydrogenation of nitrobenzene over copper and silver on pumice. 

2636. The reduction of nitrobenzene vapor to aniline by means of hydrogen in 
presence of coppered or silvered asbestos is exothermic, and the best yield is obtained at 
temperatures not exceeding 350° C. with copper and at 400° C. with silver. The yield 
at first increases rapidly and then remains constant. The influence of increase of the 
amount of hydrogen used on the yield becomes larger as the temperature is raised and 
as the catalyst is increased in quantity. The yield is not changed much by variation in 
the hourly supply of nitrobenzene. The catalyst retains its initial activity for months. 
The aniline obtained in presence of copper is always slightly colored by the presence of 
traces of nitrobenzene, but the silver catalyst gives pure aniline in quantitative yield. 
CSemeria and Milone, Annali Chim. Appl., 1928, 18, 58; Bril. Chem. Abst., 1928, 327B.] 

2636. Liquid Phase. On prolonged contact between an alcoholic solution of nitro- 
benzene and excess of hydrogen in presence of palladium-black, aniline is eventually 
formed. CGerum, Inaug. Diss., Erlangen, 1908.] 

2637. Brown, Etzel and Henke studied the hydrogenation of nitrobenzene, o-nitro- 
naphthalene, p-nitrotoluene, o-nitrophenol, p-nitrophenol. and din itro toluene with hydro- 
gen gas at 15 to 47 atmospheres pressure. The catalyst was reduced powdered nickel 
oxide from the nitrate. The static or “ batch ” method was used. Quantitative reduc- 
tion of the nitro-compounds to amines was obtained at 215° and 34 atmospheres; 0.52 g. 
catalyst per gram nitro-compound was the optimum catalyst ratio. Benzene and 
methanol were the best solvents. Ethylene glycol was a poorer solvent. 18 

2638. Nitrobenzene to azobenzene. Vapor phase, 260° C. : thallium-asbestos cata- 
lyst. Other supports (aluminum hydroxide, pumice, “ nonpareil brick ”) gave negligible 
yields. Unsupported thallium lost activity through sintering. £Brown, Brothers and 
Etzel, /. Phys. Chem., 1928, 32, 456; Bril. Chem. Abstr., 488A, 1928.] 

2639. Hydrogenation of Nitrobenzene in Presence of Benzaldehyde and of Pip- 
eronal. 19 Catalytic hydrogenation of nitrobenzene with platinum-black in presence of 
benzaldehyde yields phenyl-V-phenylnitrone and phenylbenzylhydroxylamine, and in 
presence of piperonal, piperonyl-V-phenylnitrone, CH f Oi : C«Hi : NCiH^OH, melting- 
point about 135°. This confirms the view that the reduction of nitrobenzene alone pro- 
ceeds through the stage of phenylhydroxylamine. 20 

2640. Nitrotoluenes to toluidines. Gas phase 200°-250° with nickel catalyst : 300°- 
400° with copper catalyst. ^Sabatier and Senderens, Compt. rend., 1901, 133, 321.] 

p-Nitrotoluene to p-toluidine. Acetone or ether solution : platinum-black catalyst, 
1 part platinum to 100 by weight of substrate. CCusmano, Lincei, 1917, 26 (2), 87.] 

2641. Ortho-nitrotoluene to orthotoluidine. 81 Ortho-toluene is treated with a gas 
containing hydrogen, with a copper catalyst (reduced below 300° C.) with activators 
(promoters.) 

2642. Similarly para-toluidine is prepared from para-nitrotoluene. 88 

2643. An exception to the avidity with which a nitro group usually takes hydrogen 
to form an amino compound is o>-nitrostyrene, CeHfCHNOi, which dissolved in abso- 
lute alcohol or in glacial acetic acid, in the presence of platinum-black catalyst, is hydro- 
genated to saturation by taking up only 1 atom of hydrogen, the nitro group being 
unaffected, 2 molecules of the product uniting to form: 

C# H* • CH • CHi • NOt 
C«H| • CH • CHi • NO» 

CSonn and Schnellemberg, Ber., 1917, 60, 1913.] 

18 J. Phys. Chem., 1928, 32 , 631; Chem. Abst., 1928, 22 , 1891. 

18 Vavon and Crajcinovic, Compt. rend., 1928, 187 , 420. 

80 Brit. Chem. Abst. t 1928 , 1125A. 

11 Swiss Pat. 72,691, June 16, 1916, to the Badische Co., Chem. Abst 1916, 10 , 2616. 

88 Swiss Pat. 72,593, June 16, 1916, to the Badische Co., Chem. Abst., 1916, 10, 2616. 
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2644. By operating in presence of mineral acids, the formation of these di-molecular 
compounds was avoided. Thus 20 g. nitrostyrene, 0.75 g. platinum-black, 200 cc. dry 
methyl alcohol into which dry hydrogen chloride had been passed, were shaken with 
hydrogen. This yielded only 0.8 g. of dimolecular product. From the filtrate were 
obtained two isomeric phenylacetaldoximes. Kelber’s nickel catalyst gave a similar 
result. CKohler and Drake, J. Am. Chem. Soc., 1923, 46, 1281.] With platinum- 
black 3-methoxy-4-ethoyx-a>-nitro8tyrene gives 3-methoxy-4-ethoxyphenylaminoethane. 
CSawai, J. Pharm. Soc ., Japan, 1929, 49, 260; Chem. Abst., 1929, 23, 3203 J 

2646. p-Nitrophenylethyl chloride to hexahydro-p-aminophenylethyl chloride, 0- 
[p-amino-cyclohexyl]-ethyl chloride. Nitro-compound 37.2 g. ( = i mol.), glacial 
acetic acid 40 cc., water 100 cc., cone, hydrochloric acid 40 cc.; colloidal platinum cata- 
lyst 20 cc. ( = 0.2 g. platinum in gum arabic solution 1:10): 50° C., 2.5 atmospheres 
hydrogen pressure : Skita’s method and (modified) apparatus. Hydrogen absorption 
having slowed up, after seven and one-half hours 1.0 g. platinum (as the chloride) was 
added. After thirteen and three-quarter hours the hydrogen absorption was 29.29 
liters against a theoretical 28.84. CFerber, Ber., 1929, 62B, 191.] 

2646. In a similar manner 0-[p-aminocyclohexyl] ethyl alcohol, HiN-CeHio-CHj- 
CHi-OH was prepared from p-aminophenylethyl alcohol. £ Idem , /hid.] 

2647. o-Nitroisopropylbenzene to o-amino-isopropyl benzene. Acetic acid solution : 
platinum-black. CVavon and Cailler, Bull. Soc. chim., 1927, 41 (iv), 357.] 

2648. Mononitrocymene (l-methyl-2-nitro-4-isopropyl-benzene) to monoamino- 
cymene (l-methyl-2-amino-4-isopropyl-benzene). Liquid phase : nickel catalyst.” 

2649. Secondary and tertiary aromatic amines to primary and secondary amines 
and hydrocarbons or phenols. Secondary or tertiary amines of the general formula 
ArylNRR' (R = H, alkyl or benzyl; R' = benzyl or substituted benzyl) are treated 
with hydrogen in presence of metal catalysts. E.g., ethylbenzylaniline and alcohol are 
shaken with hydrogen in presence of palladium-black: toluene and ethylaniline result. 
Similarly methylbenzylaniline gives methylaniline and toluene; benzylaniline gives ani- 
line and toluene; dil>enzylaniline gives aniline and toluene; 3 : 4-methylene-dioxy benzyl- 
aniline gives aniline and 3 : 4-methylene dioxytoluene : ortho-hydroxybenzylaniline 
gives ortho-cresol and aniline. 14 

2660. Nitrophenols to amino-phenols (with some phenol, aniline and ammonia). 
Gas phase 160-190° : nickel catalyst. QMignonac, Bull. Soc. Chim., 1910 (4), 7, 270.] 

2661. Copper is an excellent catalyst for the hydrogenation of the nitrophenols to 
amino-phenols, at 265°. CBrown and Carrick, J. Amer. Chem. Soc., 1919, 41, 436.] 

2662. Graham used palladium previously charged with hydrogen, to reduce nitro 
phenols to amino-phenols. 

2663. p-Aminophenol. n Phenol in alkaline solution is coupled with a diazo com- 
pound from a primary aromatic amine such as benzidine, tolidine, a- or 0-naphthylamine, 
or “ an aminosulphonic, hydroxy-sulphonic, chlorosulphonic, carbonic, chlorocarbonic, 
or like base.” The resulting azo compound is reduced with hydrogen or other reducing 
gas or mixture in the presence of a catalyst. As catalysts are mentioned, finely divided 
metals, such as nickel, cobalt, copper, or iron and their oxides. The base is recovered 
by filtration, or in the case of benzidine or tolidine by addition of sodium sulphate or 
sulphuric acid and the />-ami nophenol isolated from the remaining solution. 16 

2664. Nitrosoterpenes to corresponding hydroxy lamines. Acetone or ether solution : 
platinum-black catalyst, 1 part of platinum to 100 by weight of substrate. CCusman 
Lined, 1917. 26, (2), 87.] 

2666. Aromatic Dinitro-derivati ves : reduction by hydrogen and platinum-black: 
The action is selective on one of the nitro groups. Metadinitrobenzene yields meta- 

13 U. S. Pat. 1,314,920. Sept. 2, 1919, to Andrews, assignor to The Selden Co. 

14 Krauss (assignor to E. Merck), Ger. Pat. 432,151, Aug. 21, 1924, addition to 407,487; 
J.S.C.I. Suppl., 1926, 964B. 

14 Poma, Brit. Pat. 194,694, Mar. 1, 1923. 

18 Chem. Abat., 1923, 17, 3510. 
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nitraniline. 1 : 2, 1 : 3, 1 : 8-dinitronaphthalenes yield 2-, 3-, 8-, nitronaphthylamines 
respectively. 

2666. 5 : 6-dinitrotctraIin (dinitrotetrahydronaphthalene) yields chiefly 5-nitro-(>- 
aminotetralin with some 6-nitro-5-aminotetralin. 

2667. Similarly from the corresponding dinitrocompounds we get ortho-nitro-para- 
toluidine, 6-nitro-ortho-toluidine, and l-nitro-2-methyl-8-naphthylamine. 

2668. From a mixture of 1 : 5- and 1 : 8-dinitro-2-methylnaphthalenes we get only 
the 8-amino-derivative. QVesely and Rein, Arhiv. Hemiju, 1927, 7, 55.] 

2669. Dinitrobenzenes to Phenylenediamines (Diamido-benzols). Gas phase 
190°-210° : nickel catalyst. At 250° there occurs a breaking up of the molecule, 
ammonia is given off and aniline formed. CMignonac, Bull. Soc. Chim., 1910 (4), 7, 154.] 

2660. Over copper at 320°-330° the reaction starts on the same path, but stops 
owing to formation of what seems to be a condensation product of the nitro- and amido- 
compounds. 

/NO, NH N 
C 6 h/ + /CflHi. 
x NO, nh/ 

C/6vf.] 

2661. Nitranilincs to phenylene diamines. Brown and Carrick * 7 were, how- 
ever, successful in making phenylene-diamines by hydrogenating nitranilines in the 
gas phase, over copper on pumice. The ortho- and para- compounds were treated at 
about 195°-250° C. the meta-compound at 255°-310° C. In each case the reaction was 
very slow. 

2662. Dinitrotoluenes to cresyl-diamines. Gas phase : 175°-180°, nickel catalyst. 
Above 190° the molecule breaks up with evolution of ammonia and formation of aniline. 
[Mignonac, Bull. Soc. Chim., 1910 (4), 7, 823.] 

2663. 2 : 4-Dinitrophenol to 3-nitro-2 aminophenol. Nickel catalyst : 8-10 atmos- 
pheres pressure. The hydrogenation continues with formation of 2 : 4 diaminophenol. 

2664. 2 : 4 Dinitro 4' hydroxydiphenylamine gives the diamino compound. £Feld- 
mann, Giom. Chim. Irul. Appl ., 1925, 7, 406.] 

2666. o-Nitracetophenone to o-aminacetophenone. Aqueous alcohol solution, col- 
loidal palladium catalyst : 1 atmosphere plus pressure. CSkita and Meyer, Ber., 1912, 
46, 3579. Also with colloidal platinum. £/Wd.] 170 

2666. Ethyl 4 hydroxymethyI-3-nitrobenzoate to ethyl 4 hydroxymethyl 3 amino- 
benzoate. 

2666A. (1) By Skita’s method: Nitro ester 5 g., 40 cc. glacial acetic acid, 30 cc. 
water, 0.2 g. colloidal platinum (Skita) : 2-5 atmospheres pressure of hydrogen : two 
hours' shaking : 82 per cent yield. 

2666B. (2) With Voorhees- Adams platinum oxide catalyst: 10 g. nitro ester, 70 cc. 
acetic acid, 40 cc. water, 0.33 g. catalyst, a few drops ferric chloride solution : three hours' 
shaking in hydrogen at 2-3 atmospheres pressure : 44 per cent yield. 

2667. The n-butyl nitro ester was also hydrogenated to the amino compound in 
(50 per cent) alcohol acidified with hydrochloric acid in presence of colloidal platinum. 
CCsse, J. Am. Chem. Soc., 1925, 47, 3007.] 

2668. Cholesteryl para-nitrobenzoate to cholesteryl para-amino benzoate. Ethyl 
acetate solution : Adams platinum oxide catalyst. Reduction took only twenty-five 
minutes and the double bond of the cholesteryl radicle was unaffected. 

With a large quantity of catalyst, cholesterol in ethyl acetate solution can be com- 
pletely reduced to dihydrocholesterol in four hours. 

2669. Dihydrocholesteryl para-nitrobenzoate was also hydrogenated to the para- 
aminobenzoate. [[Shriner and Ko, J . Biol. Chem., 1928, 80, 1; Chem. Acs/., 1929, 23, 
845.] 

,T J. Am. Chem. Soc., 1919, 41. 436. 

170 For reduction of some isonitroso ketones see para. 2696. 
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2670. 7 -Substituted piperidinopropyl-p-nitrobenzoate hydrochlorides to the corre- 
sponding amino derivatives. [McElvain, J . Am. Chem. Soc., 1927, 49, 2835. Cf. 
Andrews and McElvain, Ibid., 1929, 61, 887.] 

The interest of these products is due to the large number of local anesthetics belonging 
to the series. 

2670A. See: Bolyard and McElvain, J. Am. Chem. Soc., 1929, 61, 922; Chem. Abst. 
1929, 23, 1902, for the reduction of lralkyl-4-piperidyl-para-nitrobenzoates to the cor- 
responding para-aminobenzoate 8 . The methyl, ethyl, propyl, butyl, isoamyl, and 
phenylethyl-compounds are described. 

2670B. See: Marvel and Shelton, J. Am. Chem. Soc., 1929, 61, 915; Chem. Abst. 
1929, 23, 1902, for the similar preparation of the para-ammo-benzoates derived from 
AT-alkyl (methyl, ethyl and propyl) derivatives of 2-[0-hydroxyethyl] piperidine. 

2671. Cyclic Alkamine Esters of Para-aminobenzoic Acid. The following were 
made by catalytic reduction of the corresponding nitro-compounds in ethyl or butyl 
alcohol solution with hydrogen and the Adams platinum oxide-platinum-black catalyst: 

( 1 ) frans-o-diethylaminocyclohexyl-p-aminobenzoate hydrochloride; 

( 2 ) m-dimethylaminocyclohexyl-p-aminobenzoate hydrochloride; 

(3) m-diethylaminocyclohexyl-/>-aminobenzoate hydrochloride; 

(4) (? ci*-) p-dimethylaminocyclohexyl-p-amino-benzoate hydrochloride. 

(5) (? Irons-) p-dimethylaminocyclohexyl-p-aminobenzoate hydrochloride. 

All these are local anesthetics both on mucous surfaces and by injection, (5) is slightly 
more powerful, in this respect, than cocaine. [Ileckel and Adams, J. Am. Chem. Soc., 
1927, 49, 1303.] 

2672. 7 -Nitro ketones in solution or suspension in methanol shaken with hydrogen 
and platinum-black give reduced condensation products, the course of the reactions 
being difficult to follow and seeming capricious. 

2672A. 7 -Nitro- 0 -phenylpentanone gives 2-methyl-4-phenylpyrrolidine. 

2672B. 0-3, 4 -Methylenedioxyphenyl- 7 -nitrobutyrophenone gives the 7 -amine com- 
pound. But, without other known change in the conditions, this reduction was inter- 
rupted at an earlier stage and the products obtained (with unaltered 7 -nitro ketone) 
were l-hydroxy-2-phenyl-4-[3, 4-methylenedioxy-phenyl) pyrroline and 2-phcnyl-4-[3, 4- 
methylenedioxyphenyl] pyrrolidine. A nitro-ketone, OiNCHiCIIC*H 4 CHiC(X%Hi, gave 
oily products. [Kohler, J. Am. Chem. Soc., 1923, 46, 2144.] 

2673. Nitrostilbene to diphenylethanon e-oxime (oxime of desoxybenzoin). 4.6 g. 
nitrostilbene in 100 cc. ether : 0.1 g. platinum-black : shaken with hydrogen. [Kohler 
and Drake, /. Am. Chem. Soc., 1923, 46, 1286.] 

2674. 2-Bromo-3-p-nitrobenzoyl-me8itylene to 2-bromo-4-p-amino-ben zoyl mesi tyl- 
ene. In ethanol solution : Adams platinum-black catalyst. In ethyl acetate solution 
an azo-derivative is formed as a by-product. 

2674A. 2-Bromo-4-mm'-dinitri-benzoylmesitylene gives 2-bromo-4-mm'-diaminoben- 
zoylmesitylene. [Hyde and Adams, J. Am. Chem. Soc., 1928, 60, 2499.] 

2676. 0 , 0-Diphenyl-nitro-ethylene to diphenyl-acetaldimine. Solution in dry ether: 
Willstatter’s platinum-black catalyst. [Kohler and Drake, J. Am. Chem. Soc., 1923, 46, 
1286.] 

2676A. 0, 0-Diphenyl-dinitro-ethylene treated in the same manner proved difficult 
to hydrogenate, successive additions of catalyst failing to carry the reduction to com- 
pletion. Among the products were recognized : benzophenone, diphenylacetonitrile and 
tetraphenyl-succinonitrile. [/hid.] 

2676. Benzoyl-phenyl-nitrocyclopropane (methyl alcohol solution) yielded 0-phenyl- 
7 -nitro-butyro-phenone. [/hid.] 

2677. a-Nitronaphthalene to a-naphthylamine. Gas phase : 300° : nickel catalyst. 
At higher temperatures, especially at 380°, ammonia, naphthalene and tetrahydronaph- 
thalene are also formed. Copper may also be used as a catalyst at 330°-350°. [Saba- 
tier and Senderens, Compt. rend., 1902, 136, 226.] 

2678. a-Nitronaphthalene to a-naphthylamine. 5 g. in 100 cc. glycol : palladium 
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black 0.2 g. : 3.3 atmospheres hydrogen pressure : seven and one-half hours. Yield: 
89.4 per cent in three hours; 98.4 per cent in three hours at 6f atmospheres. Solvents in 
increasing order of efficiency were: glycerol, glycol, water, isopropyl alcohol. A high 
yield of the amine is given in one and one-half hours, with palladous and platinum oxide 
catalysts. The fused nitronaphthalene with palladium oxide yielded 93.9 per cent 
amine, with nickel, 14.3 per cent. [Tarrett and Lowy, J. Amcr. Chem. Soc. 9 1926, 48, 
778; Chem. Abst. t 1926, 20, 1232.] 

2679. or-Naphthylamine. 28 a-Nitronaphthalene is catalytically reduced to a-naph- 
thylamine by heating and agitation in an autoclave with water, hydrogen and a catalyst 
such as finely divided nickel, cobalt, copper or iron or one of their oxides and a carrier 
such as pumice, charcoal or quartz. The starting material should be free from organic 
halogen compounds, and from sulphur, tellurium and selenium.® 

2680. 1-Nitrosonaphthol (2) to aminonaphthol. Ether or acetone solution; plati- 
num-black catalyst, 1 per cent of platinum by weight of substrate : reduction complete 
in few minutes. CCusmano, Lined , 1917, 26 (2), 87.] 

2681. Sodium l-nitroso-/3-naphthol-6-sulphonate hydrogenated under a pressure of 
8-10 atmospheres with a nickel catalyst gives the amino compound (eikonogen). 

2682. 1 : 5-Dinitronaphthalene-3 : 7-disulphonic acid gives the diamino-acid. £Feld- 
man. Giant* Chim. Ind. Appl., 1925, 7, 406.] 

2683. Preparation of Aminoanthraquinones. 30 a-Nitroanthraquinones are reduced 
with hydrogenated quinolines in presence of acetic acid, pyridine, o-dichloro-benzene, 
quinaldine, or other diluent. The final mixture of quinaldine and excess unoxidized 
tetrahydroquinaldine may be catalytically hydrogenated and used again. 1 : 5-Din i- 
troanthraquinone affords 1 : 5-diaminoanthraquinone or 5-nitro-l-aminoanthraquinone; 
1 : 5-dichloro-4-aminoanthraquinone and 8-nitro-l-aminoanthraquinone are similarly 
obtained. 31 

18 Poma and Pellegrini. Brit. Pat. 227,481, Aug. 27, 1923. 

® Chem. Abat., 1925, 19, 2673. 

30 U. S. Pat. 1,691,428, Nov. 13, 1928, to Berthold, assignee to Grasselli Dyestuffs Corp. 

31 Brit. Chem. Abat., 1929, 237B. 



CHAPTER XXVI 


HYDROGENATIONS AT NITROGEN LINKAGES 

n 

Nitriles, Oximes, Etc. 

2600. The Catalytic Reduction of Hydrogen Cyanide. When hydrogen cyanide 
vapor and hydrogen are passed over heated metallic catalysts, mono-, di-, and trimethyl- 
amine, ammonia and methane are formed. Barratt and Titley investigated the varia- 
tion in the products caused by a variation in catalyst and conditions. Platinum cata- 
lysts were used, as preliminary experiments had shown that finely divided iron was not 
suitable. Asbestos fiber soaked in platinum chloride solution was dried and reduced 
in hydrogen at 150°. Preparations with less than 10 per cent platinum were found 
unutilizable and 20 per cent platinized fiber was most frequently employed; platinum per- 
centage affected efficiency of the process and not the nature of the products. Liquefied 
hydrocyanic acid (previously dried with calcium chloride) was mixed with hydrogen 
and passed through 20-30 cm. of asbestos in a 1.3-cm. tube, the basic reduction products 
being absorbed by passage through aqueous hydrochloric acid. The reduction begins 
at 120°; the nature of the products, while independent of temperature between 120° and 
250°, is dependent on the partial pressure of the hydrogen cyanide in the gas mixture, 
the primary amine increasing as hydrogen cyanide pressure is decreased, while the di- 
and trimethylamines yield is reduced. With low pressure of hydrogen cyanide a 70 per 
cent yield of methylamine and a 10 per cent yield of di- and trimethylamine were 
obtained. The continued use of the catalyst led to an increase in ammonia and decrease 
in amine production; the original activity of the catalyst was restored by treatment with 
chlorine. Dehydrogenation and auto-reduction of methylamine occurred above 300° C. 1 

2601. Hydrocyanic Acid to Methylamine. Platinum-black catalyst. [Debus, 
Annalcn, 1863, 128, 200.] This is the first recorded catalytic hydrogenation of an 
organic compound. 

2602. Hydrogenating Open Chains Containing Nitrogen in Unsaturated Union. It 
has been found that open chains which contain nitrogen in unsaturated union such as 

R — C=N, R — C=N — R", R— N=N— R>, R — N=N, R — N=0, 

i i 

R 1 R' 


e.g., hydrocyanic acid, cyanic acid, isocyanic acid, salts or esters of these acids, nitriles, 
nitroso-compounds, imino-esters, aldehyde-imines, amidines, diazonium compounds, 
diazotates, can be hydrogenated in the presence of a catalyst such as nickel, if the 
operation is conducted in liquid phase in the presence of an electrolyte which yields at 

1 Barratt and Titley, J. Chem. Soc. t 1919, 116, 902. Cf. Catalytic hydrogenation (of 
nitriles) under pressure with nickel catalysts. Braun and others, Bcr., 1923, 66B, 1988; Chem . 
Abst., 1924, 18, 675. 
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least as many acid ions as correspond with the base produced. 1 * * The operation is car- 
ried out in aqueous solution. Potassium cyanide is reduced to methylamine by hydro- 
gen and nickel in presence of ferrous sulphate. Acetonitrile gives ethylamine, phenyl- 
acetonitrile, 0-phenylethylamine; azobenzene, cyclohexanol and cyclohexylamine. * 

2603. Ethyl cyanide to dipropylamine (75 per cent). Gas phase : 200° : nickel 
catalyst. [[Sabatier and Senderens, Compt. rend., 1905, 140, 482.] In addition to 
dipropylamine there were formed 8 per cent of propylamine and 16 per cent of tripro- 
pylamine. 

2604. In aqueous alcohol, with a nickel catalyst, ethyl cyanide (propionitrile) showed 
little evidence of hydrogenation, only 26 per cent of the amount of hydrogen for 1 mole- 
cule being absorbed; the nitrile was for the most part unchanged. 

2605. Butyl cyanide (n-valeronitrile) gave diamylamine. URupe, Metzger and 
Vogler, Helv. Chim. Acta , 1925, 8, 848; Chem. Abst., 1926, 1216.] 

2606A. Ethylene dicyanide to tetramethylene-diamine. Gas phase : 180°-200° : 

CH,CHk 

over nickel. Ammonia and pyrrolidine | /NH are also formed. [[Gaudion, 

CHrCH/ 

Bull. Soc. Chim., 1910 (4), 7, 824.] 

2606. /3-Methylbutyronitrile to diisoamylamine (and ammonia). CRupe and Hodel, 
Helv. Chim. Acta , 1924, 7, 1023.] 

2607. Isoamyl cyanide over nickel at 200° gives the secondary amine in good yield. 
The primary and tertiary amines as well as a little isopentane are also formed. [[Saba- 
tier and Senderens, Compt. rend ., 1905, 140, 482.] 

2608. Hydrogenation of Cyano Compounds. Cyanoacetylurea, hydrogenated at 
60°-70° in 60 parts of water, with 2 parts of nickel catalyst, yielded uracil. Itupe, 
Metzger and Vogler, Helv. Chim. Acta , 1925, 8, 848; Chem. Abst., 1926, 20, 1216. 

2609. Preparation of Primary Amines by the Catalytic Reduction of Nitriles. 
p-Toluonitrile is reduced smoothly in acetic anhydride solution by hydrogen in presence 
of platinum oxide, with formation of p-methylbenzylacetamide, in 88 per cent 
yield. The reduction requires over five hours with hydrogen under 3 atmospheres 
pressure. In glacial acetic acid, a 71 per cent yield of pp^imethyldibenzylamine, 
together with small proportions of the corresponding primary and tertiary amines, was 
obtained similarly in six and one-half hours. In absolute alcohol, reduction proceeds 
more slowly, and both primary and secondary amines are produced. In n-butyric 
anhydride, a 74 per cent yield of p-methylbenzyl-n-butyramide, m.p. 71°-72°, was 
obtained. Benzonitrile affords similarly, in acetic anhydride solution, benzyl-acetamide; 
in glacial acetic acid, benzylamine and dibenzylamine, the former predominating; and 
in absolute alcohol, ammonia and the primary and secondary amines. o-Toluonitrile is 
reduced similarly in acetic anhydride solution to o-methvlbenzylacetamide, while phenyl- 
acetonitrile affords 0-phenylethy 1-acetamide, in 63 per cent yield. The success of the 
preparation of primary amines by reduction of nitriles in acid anhydride solution is 
ascribed to prevention of hydrolysis of the imine usually assumed to be formed inter- 
mediately, and to prevention of its condensation with the primary amine by the prior 
acylation of the latter. 4 

2610. Benzonitrile to benzylamine and dibenzylamine. Gas phase : 250° : nickel 
catalyst : reaction incomplete : residual nitrile removed by a current of steam after 
neutralization of the amines with hydrochloric acid. £Fr6bault, Compt. rend., 1905, 140, 
1036.] 

1 Brit. Pat. 304.000, Dec. 20, 1927, to Imray, from I. G. Farbonind. A.-G.; Chem. Age 

(London), 1929, 20 , 188. 

* Brit. Chem. Abut., 1929 , 235B. 

4 Brit. Chem. Abst., 1926 , 161A. Carothers and Jones, /. Am. Chem. Soc., 1925, 47 , 3051. 
C/., Fr. pat. 647,090, May 23, 1927 to Mignonac; Chem. Abet., 1929, 23, 2446. 
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2610A. According to Komatsu and Ishida, 1 * * * the reduction of benzonitrile by hydrogen 
in presence of reduced copper at 150°-200° gives a mixture of benzaldimine, benzylamine, 
and dibenzy famine. The yield of bases is favored by a low temperature (150°) and 
by those forms of reduced copper that are most active as oxidizing catalysts. A rapid 
current favors the formation of aldimine. At a higher temperature the nitrile is 
decomposed to toluene and ammonia. The reduction of acetonitrile and isovaleronitrile 
gives no aldimine but only primary and secondary amines. 6 

2610B. o-Phenylbenzonitrile to o-phenylbenzylamine. Nickel catalyst; 15-20 
atm.: 120°-130° C. [v. Braun and Manz, Ann., 1929, 468, 2581 

2611. On hydrogenation with colloidal palladium in aqueous alcohol benzonitrile 
yielded benzylamine, di benzylamine, ammonia and a small quantity of benzaldehyde. 
[Paal and Gerum, Ber., 1909, 42, 1553.] 

2611A. Benzaldoxime gave the same products. 7 

2612. Mandelonitrile gave benzylamine, dibenzylamine, ammonia and benzyl alco- 
hol. 1 [Paal and Gerum, loc. cit.2 

2613. p-Toluonitrile, hydrogenated in the gas phase at 250° over nickel, gives a 
mixture of the primary and secondary amines, i.e., para methylbenzylamines. [Fr6- 
bault, Compt. rend., 1905, 140, 1030.] 

2614. Phenylacetonitrile hydrogenated, under reduced pressure, in presence of 
platinum oxide or reduced nickel yields a-phenyl-0-imino-ethnne (0-phenylacetaldimine). 

2614A. Benzonitrile hydrogenated at low pressure in presence of nickel gives (unsta- 
ble) benzaldimine. [Grignard and Escourrou, , Compt. rend., 1925, 180, 1883.] For 
apparatus and method see: Escourrou, Thtee d’Etal , Lyon, 1925. 

2614B. The catalytic hydrogenation of nitriles in glacial acetic acid with a palladium 
catalyst leads to the production of primary amines, whereas Paal and Gerum [.Ber., 1909, 
42, 1553) and Rupe and Glenz working in aqueous alcohol or in a neutral solvent obtained 
mainly secondary amines. 

2614C. Phenylacetonitrile gave /3-phenylethylamine. 

2614D. o-Chlorobenzonitrile gave o-chlorobenzylamine, in the presence of concen- 
trated sulphuric acid and benzylamine in the presence of sodium acetate. 

2614E. p-Hydroxyphenylacetonitrile, on the other hand, formed di-0-p-hydroxy- 
phenylethylamine, this can be inhibited, partly, by the addition of quinoline, with the 
production of some 0-p-hydroxyphenylethylamine. Helianthin yields p-aminodimethyl- 
aniline. [Rosenmund and Pfankuch, Ber., 1923, 66, 2258.] 

2614F. p-Tolylacetonitrile. 0-p-tolylethylamine. [Braun and Wirz, Ber., 1927, 
60B, 102.] 

2616. In alcohol-water solution acetophenylacetonitrile gave methylbenzyl ketone 
(volatile with steam) and ar-acetophenylacetaldehyde aldimine. [Rupe, Metzger and 
Vogler, IIclv. Chim. Acta , 1925, 8, 848; Chem. Abut., 1926, 2D, 1216.] 

2616. Hydroxymethylenephenylacetonitrile, C*C§H» (CN) :CH OH to hydroxy- 
methylene phenylacetaldimine. Nickel catalyst : atmospheric pressure : room tem- 
perature. This aldimine, on hydrolysis, yields the aldehyde. [Rupe and Knup, Helv. 
Chim. Acta , 1927, 10, 299.] 

2617. The hydrogenation of diphenylacetonitrile with a nickel catalyst stops when 
some 75 per cent of the amount of hydrogen calculated for 2 molecules is absorbed. The 
products are a , cr-diphenylethylamine (30 per cent), a small quantity of see- di [a, a-diphe- 
nyl] amine, and some benzophenone. [Rupe and Gisiger, Ilelv. Chim. Acta , 1925, 8, 338; 
Chem. Abet., 1925, 19 , 2822 ] 

2618. Triphenylacetonitrile is reduced slowly to triphenylethylamine. [/6id.] 

2619. Cyanomethylanthranilic acid, m-NCCH a NHCfH 4 COOH, reduces to a mix- 
ture of unascertained composition. [Ibid.'} 

1 Mem. Coll. Set., Kyoto, 1927, 331. 

1 Brit. Chem. Abet ., 1928, 286A. 

7 See para. 2634. 

• See para a. 2635, 2636. 
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2620. Hydrocyanodiphenylcarbodiimine, C 6 H»NHC(CN) : NC*Hs ifl hydrogenated 
also in a complicated way, the only products isolated were aniline and hydrocyanic acid. 

[Ibid.2 

2621. ar-Pheny 1-0-ben zoyl-propionitrile gives a primary base which immediately 
parts with water producing diphenylpyrroline, and a small quantity of an isomeric base. 
Reduction of the same nitrile in boiling alcohol-ethylacetate mixture gives diphenylpyr- 
roline and diphenylpyrrolidine. [Ibid.2 

2622. cr-CyanodesoxybenzoIn gives the aldime of benzoylphenylacetaldehyde, which 
changes to the enol form, hydroxymethyl desoxy benzoin, [ibid, j 

2623. or, 0-diphenyl-0-phenacylpropionic nitrile (2 isomers) to triphenylpiperidine. 
In ethyl acetate-alcohol-water solution : nickel catalyst. £Rupe and Stem, Helv. Chim. 
Acta , 1927, 10, 859; Chem. Abst ., 1928, 22, 779.] 

2624. Hydroxymethylenephenylacetaldehyde (aldime) is produced in 80 per cent 
yield by catalytic reduction of hydroxymethylenephenylacetonitrile in aqueous alcohol 
solution with a nickel catalyst. See para. 2616. 

2625. o-7-Ethoxypropylbenzonitrile in decalin at 30 atmospheres and 100°, with a 
nickel catalyst, is hydrogenated to a mixture of 0-7-ethoxypropylbenzylamine and 
(apparently) di-o-7-ethoxy-propylbenzylamine. [von Braun and Kaiser, Ber. t 1925, 
68, 2162.] 

2626. Ethylbenzene Series, Basic Derivatives. p-Nitrophenylacetonitrile p- 
OiNC«H 4 CHiCN to p-aminophenylacetonitrile p-HiNCeH 4 CH|CN. Tetralin solution 
(10 per cent) : 120° : Nickel catalyst. If at this stage the temperature is raised to 130° 
there are formed 0-p-aminophenylethylamine p-HjN-CeH 4 -CHi-CHi-NHi and bis - 
C0-p-aminophenylethyl] amine, (HiN-C*H 4 CHi-CHj)jNH. p-Hydroxyphenylaceto- 
nitrile p-HOC«H 4 CHiCN in tetralin at 120°-130° with nickel catalyst gives tyramine 
and bis C0-p-hydroxyphenylethyl] amine. In cyclohexanol it is readily reduced at 120°- 
130° to Af-cyclohexyl-0-p-hydroxyphenylethylamine (55 per cent), bis C0-p- hydroxy- 
phenylethyl] amine (18 per cent), tyramine (8 per cent). p-Aminophenylacetonitrile 
p-HiNCsH 4 CHiCN, in cyclohexanol at 90° with nickel catalyst, gives 40-45 per cent of 
C0-p-aminophenylethyl] cvclohexylamine. Cvon Braun and Blessing, Ber., 1923, 66B, 
2153; Chem. Abst., 1924, 822.] 

2627. 1,5-Cyano-nitronaphthalene (nitronaphthalene nitrile), in ethyl acetate-alco- 
hol-water solution, with nickel catalyst, was hydrogenated to 1,5-aminonaphthalene- 
nitrile. 2,5-cyano-nitronaphthalene and 1, 2-cyano-nitronaphthalene behaved in the 
same manner. CRupe and Metzger, Helv. Chim. Acta , 1925, 8, 838; Chem. Abst ., 1926, 
20, 1216.] 

2627A. 1,4-Cyano-naphthaIene-sulphonate of sodium in aqueous solution, with 
nickel catalyst, gave on acidification 4-sulphonaphthomethylamine. [Ibid. ] 

2627B. 1,5-Cyano-bromo-naphthalene gave 1,5-bromo-naphthaldehyde (12 per 
cent) di£5,l-bromo naphthylmethyl] amine (7 per cent) and 5 bromo-l-naphthyl- 
methylamine. [I bid. 2 

2627C. 2,5-Cyano-bromo-naphthalene gave 5-bromo-2-naphthaldehyde (15 per 
cent), 5-bromo-2-naphthylmethylomine (62.5 per cent) and 2.5 per cent of what was 
probably the secondary amine. [Ibid ] 

2627D. Salicylo-nitrile gave a j.reen product containing nickel. This, purified 
by oxalic acid, yielded diC?>-hydroxybenzyl] amine. [Ibid.2 

2628. Cyanoketo Derivatives. Ethyl benzylidene cyanoacetate and ethyl benzyl- 
cyanoacetate both yield aldehyde of ethyl benzyl malonate. 

Ethyl-o-nitrobenzylidene cyanoacetate to ethyl 2 amino-quinoline-3-carboxylate. 

Ethyl-0-phenyl-7-benzyl-a cyanobutyrate to ethyl • 1 : 3-diphenylpiperidine-4-car- 
boxylate. CRupe and Heckendom, Helv. Chim. Acta , 1926, 9, 980.] 

2628A. Rupe and Pieper describe the hydrogenation, in aqueous alcoholic solution 
with a nickel catalyst, of ethyl phenylcyanopyruvate, of ethyl benzoylcyanoacetate, and 
of ethyl benzylidenecyanoacetate. [Helv. Chim. Acta , 1929, 12, 637; Brit. Chem. Abst., 
1929, 938A.] 
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2629. Cy&nidin chloride to d/-epicatechin. Methanol hydrogen chloride solution at 
0° : platinum catalyst. 

2630. Cyanidin chloride pentamethyl ether to racemic mixture of pentamethyl ethers 
of epicatechin. Alcohol solution : platinum catalyst. CFreudenberg, Fikentscher, 
Harder and Schmidt, Ann., 1925, 444, 135.] 

2631. a-Cyano camphor to ar-camphomethylamino-methylene camphor: 

/C : CH'NH'CHr 

CVHi/| 

N CO 

CRupe and Hodel, Helv. Chim. Acta, 1924, 7, 1023.] 

2631A. Rupe describes the production of hydrocyclic u>-amino compounds by the 
hydrogenation of cyanocamphor, or other hydrocyclic cyanoketones, in presence of a 
nickel catalyst.* 

2632. Aliphatic Oximes: Hydrogenation with Nickel at Low Temperatures. 1 * 

Preparation of Catalyst. Nickel carbonate was precipitated by sodium carbonate from 
the nitrate on kieselguhr. The kieselguhr had been freed from iron by treatment with 
concentrated nitric acid, followed by thorough washing with water. The impregnated 
and sifted guhr was reduced in hydrogen at 280°-330° C. (Thirty hours at least for 
every 10 g. of catalyst.) 

2632A. Procedure. Acetaldoxime (2.1 g.) in 40 cc. water, under 1 atmosphere excess 
pressure at room temperature, absorbed 56 per cent of the calculated quantity of hydro- 
gen in twenty-seven minutes. When CO* was passed into the tube containing the 
reduced catalyst and into the reaction flask, 85 per cent of the hydrogen was taken up 
in four hours. With absolute alcohol instead of water as solvent 93 per cent was 
absorbed in three hours. Product: Diethylamine, with ammonia. Propionaldoxime 
gave propylamine and ammonia. Isobutyraldoxime gave isoamylamine and ammonia. 

2633. Hartung finds that, though previous investigators report that the catalytic 
reduction of oximes and nitriles results in a mixture of primary amine, secondary amine 
and ammonia, if benzaldoxime or benzonitrile is reduced by means of palladinized char- 
coal in absolute alcoholic solution containing hydrogen chloride, good yields of pure 
benzyl amine are obtained. Mandelonitrile reduced under similar conditions forms 
phenylethylamine in about 50 per cent yields. The benzoate and acetate of mandeloni- 
trile are also reduced to phenylethylamine and in better yields. 11 

The catalyst was palladinized charcoal : 3 g. pure animal charcoal shaken, in 1 
atmosphere of hydrogen, with 0.45 to 0.5 g. palladium chloride: washed and dried. 

2634. Benzaldoxime to Benzylamine. Absolute alcohol (40 cc.), oxime 3 g., with 3 
equivalents of hydrochloric acid : ninety minutes Z almost quantitative yield. With 
less hydrochloric acid some secondary amine forms. 

2636. Benzonitrile to Benzylamine, in the same conditions, but one equivalent of 
HC1 sufficed to prevent formation of the secondary amine. 

2636. Mandelonitrile to Phenylethylamine 5.8 g. (0.0436 mole) nitrile in 90 cc. 
absolute alcohol with 0.049 HC1. The expected phenylethanolamine was not obtained, 
but a 52 per cent yield of phenylethylamine with a large amount of a non-basic by- 
product resulted. 11 

2637. Mandelonitrile Benzoate to Phenylethylamine. 5.9 g. (0.025 mole) benzoate 
in 60 cc. absolute alcohol with 0.057 mole HC1 : 84.5 per cent yield. Using only one 
equivalent of HC1 leads to poor yields and secondary reactions. Mandelonitrile acetate 
gave phenylethyl amine in 74.5 per cent yield. 

• U. S. Pat. 1,670,990, May 22, 1928. Cf. Brit. Pat. 240,814, Oct. 1, 1928, to Rupe; CKem. 
Abat .. 1926, 20, 2167. 

10 Vassiliev, Bcr., 1927, 60B, 1122; CKem. Abet ., 1927, 21, 2457. 

11 Hartung, J. Am. CKem. Soc., 1928, 60, 3370. 

11 See paras. 2610-2612. 
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2638. Catalytic Reduction of Oximes and Nitriles and a Method for the Prep- 
aration of Secondary Amines. £K. W. Rosenmund and G. Jordan, Ber ., 1925, 68B, 51- 
53.] Benzylamine is converted into dibenzylamine and ammonia to an extent greater 
than 90 per cent when heated in boiling xylene in a current of hydrogen in the presence 
of pailadized barium sulphate; if the hydrogen is replaced by air large quantities of 
benzylidenebenzylamine are produced, while in the presence of nitrogen the products are 
dibenzylamine and benzylidene-benzylamine (10-15 percent). /9-Phenylethylamine 
gives di-0-phenylethylamine in 88 per cent yield. Benzene, toluene, and cumene are 
less suitable than xylene as solvents. 11 

2639. Catalytic Action of Reduced Copper on Oximes. Oximes are classed into 
three groups according to the nature of the products formed by the contact action of 
reduced copper at 200° in an atmosphere of hydrogen. Group 1 contains those (e.g., 
benzophenoneoxime) that yield mainly aldehydes or ketones (which are transformed into 
hydrocarbons) and some basic compounds; group 2 comprizes benzaldoxime and benz- 
hydroxamic acid, an acid amide being produced which changes into a nitrile and an 
acid, while members of group 3 (e.g., acetophenoneoxime) show an intermediate beha- 
vior. The various products are considered to be formed by the varying catalytic action 
of copper on the successive thermal reactions : (a) Beckmann’s transformation, (6) con- 
version into ketone or aldehyde, (c) conversion into imine or nitrile. The catalytic action 
is explained by the formation of an intermediate compound between the copper and the 
oxime, together with the supposition of a hydride CuH t . When the copper loses elec- 
trons so that the combining force between the hydrocarbon radicals and the carbon atom 
of the methane nucleus of the oxime is smaller than that between the nitrogen and the 
carbon atoms, the Beckmann transformation occurs (group 2). When the opposite 
holds, and the metal exerts no appreciable influence on the combining forces, an alde- 
hyde or ketone is formed (Group 1). CYamaguchi, Bull. Chem. Soc. } Japan, 1, 54; Brit . 
Chem. Abst., 1926, 50, 616, 952AJ 

2640. Oximes and nitriles to primary amines. Vapor phase or liquid phase : nickel 
or copper. Catalyst : hydrogen and ammonia. 

2640A. Examples : Acetonitrile to ethylamine at 180° C. (Vapor.) 

2640B. Benzonitrile to benzylamine, at 250° C. copper catalyst. (Vapor.) 

2640C. Propanone oxime to 2-aminopropane. (Vapor.) 

2640D. Acetonitrile to ethylamine. (Solution in alcoholic ammonia with ammo- 
nium chloride.) 

2640E. Benzyl cyanide to /3-phenylethylamine. 

2640F. Benzonitrile, nickel catalyst at 100° C. (Liquid phase. 14 ) 

2641. Variation in Hydrogenation of Oximes. Ethyl 0-arainobutyrate is not 
formed by the catalytic hydrogenation of ethyl 0-oximinobutyrate in aqueous-alcoholic 
solution in the presence of colloidal palladium; the observed absorption of hydrogen is 
due to fission of the oxime and reduction of the liberated hydroxylamine to ammonia. 
Acetoxime and methyl ethyl ketoxime could not be reduced under similar conditions, 
although the potential activity of the catalyst remained unaltered. Benzaldoxime,*’ on 
the other hand, yields a mixture of mono- and di-benzylamine, ammonia, and benzalde- 
hyde. Benzophenoneoxime gives diphenylmethylamine, but acetophenone-oxime and 
dibenzylketoxime could not be reduced. Acetaldoxime and propaldoxime are reduced 
exclusively to the corresponding tertiary amines. Reduction takes place only at the 
commencement of the experiment; subsequently, when the reaction appears to proceed 
more slowly, the oxime probably becomes hydrolyzed and the liberated hydroxylamine 
is converted into ammonia. The production of the tertiary amine is not due to elimina- 
tion of ammonia from preformed, primary amine. ^Gulevich, Ber. } 1924, 67B, 1645, 
J. Chem. Soc. t 1924 (i), 1285.] The hydrochlorides of O-methylacetoxime, O-ethyl- 

11 /. Chem. Soc. Abst., 1926, i. 245. 

14 Brit. Pat. application 282,083, convention date, Dec. 9, 1926, by Mignonac, assigned 
to Fabr. Prod. chin. org. de Laire; Chem. Age, 1928, 18, 150; French Pat. 638,550, Dec. 9, 1926. 
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acetoxime and O-methyldiethyl-ketoxime have been catalytically reduced to the corre- 
sponding 0, N-dialkyl hydroxylamine, according to the reaction: 

H H 

I I 

R' — C=N0R // ' • HC1 - R' — C — NOR"' • HC1 


There is some tendency to splitting with formation of ammonium chloride. [Jones and 
Major]. 

2642. Benzaldoxime acetate, benzophenoneoxime acetate, g&llaldoxime acetate, on 
catalytic hydrogenation with palladium catalyst, yield, either solely or as chief product, 
the primary amine. Catalytic reduction of the oximes themselves produces, chiefly, 
the secondary amines. [Rosen mund and Pfankuch, Ber., 1923, 66, 2258.] 

2643. Acetaldoxime to diethyiamine : Gas phase : 150°-200° : nickel catalyst. 
[Sabatier: Catalysis, 383.] 

2644. Acetonoxime to one-third isopropylamine, with twice as much of di-isopropyl- 
amine and some tri-isopropylamine. Gas phase : 180°-220° : nickel catalyst. Mailhe, 
Compt. rend ., 1905, 141, 113.] 

2646. Primary amines are produced by hydrogenation of oximes in a solution of 
acetic anhydride. Thus, benzaldoxime gives acetyl benzylamine: acetophenone oxime 
gives the acetyl derivative of a-phenylethylamine. The free amines are obtained by 
hydrolysis. Nickel, cobalt, copper, etc., can be used as catalysts. [Mignonac, Fr. 
Pat., 647,090, May 23, 1927: Chem. Abet. 1929, 2446.] 

2646. Dipropyl-ketoxime to 6-hydroxylaminoheptane. 70 per cent aqueous alco- 
hol solution with hydrochloric acid : platinum-black catalyst. 

2647. Methyl-isobutyl-ketoxime to 0-hydroxyl-amino-5-methylpentane. 

2648. Acetophenone-oxime to 0-hydro xylamino-0-phenylethane. 

2649. Aldoximes similarly treated yield secondary hydroxy lamines. Example s: 
heptaldoxime to diheptylhydroxylamine : isovaleraldoxime to di- 7 -methylbutyl-hydrox- 
ylamine : l>enzaldoxime to dibenzyl-hydroxylamine : piperonaloxime to di-piperonyl- 
hydroxylamine. [Vavon and Krajcinovic, Bull. Soc. Chim ., 1928 (iv), 43, 231.] 

2660. Heptaldoxime, oenanthaldoxime CfHu-CH : N OH in the gas phase over 
nickel at 210°-220° is hydrogenated to the amines, the primary amine being the chief 
product (65 per cent). [Mailhe, Compt. rend., 1905, 140, 1691.] 

2661. Cyclopen tanone-oxime, in the gas phase, with a rapid current of hydrogen, 
over nickel, at 180°, gives a mixture of the three cyclo-pentyl-amines, the secondary 
amine predominating. [Sabatier and Mailhe, Compt. rend., 1914, 168, 985.] 

2662. Dimethylglyoxime to the mono- and hemi-hydrates of 07-diaminobutane. 
Platinum-black : glacial acetic acid solution. [Frejka and Zahlova, Publ. Fac. Set. 
Masaryk , 1926, 73, 3. See also, idem , J. Czechoslov. Chem. Comm., 1929, 1, 173; 
Brit. Chem. Abet., 1929, 544A.] 

2663. Oximes (all in vapor phase at 200° C. over reduced copper) : 

2663A. Furfuraldoxime to pyromucic acid amide, furfural, an acid and a base. 

2663B. Benzamidoxime to benzylamine, benzyl alcohol, benzonitrile. 

2663C. Cinnamylaldoxime to unidentified products. 

2663D. Dibenzylketoxime to phenylacetamide, phenylacetic acid, dibenzylketone, 
phenylacetonitrile. 

2663E. Benzophenonoxime to various incompletely identified products. 

2663F. Acetoxime to acetone, isopropylamine. [Yamaguchi, Bull. Chem. Soc., Japan, 
1926, 1, 35; Ibid., 1927, 54; Chem. Abet., 21, 75.] 

2664. Furfural oxime in ether solution, with palladium-charcoal catalyst, was hydro- 
genated to di-op-furfuralamine. [Williams, Ber., 1927, 60B, 2509.] 
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2656. Vaa8iljev (Wassiljew). Catalytic reduction of aliphatic oximes with nickel at 
room temperatures. Ber., May 11, 1927, 1122. 

2656. Acetophenonoxime, C*H*-C( : NOH)-CHi gives mostly the secondary amine, 
di-a-phenylethylaminewith some primary amine, CeH*-CH(NH f ) -CH* and acetophenone 
regenerated by the reaction of the water produced on the oxime. Gas phase : 250°- 
270° : nickel catalyst. CMailhe and Murat, Bull. Soc. Chim., 1911 (4), 9, 464.] 

2657. Propiophenonoxime. The vapors of propiophenonoxime carried over nickel at 
250°-270° by a brisk current of hydrogen give a small amount of the primary and sec- 
ondary amines wnth much phenyl-propylene and phenyl-propane. The hydrogenation 
is, therefore, unsatisfactory. CMailhe and Murat, Bull. Soc. Chim., 1911 (4), 9, 214.] 

2658. Camphoroxime to dibornylamine. Gas phase : 180°-200° nickel catalyst 
CAloy and Brustier, Bull. Soc. Chim., 1911 (4), 9, 734.] Some bomylamine, camphyl- 
amine and ammonia are also formed. 

2659. Menthone-oxime over nickel at about 280° yields the primary and secondary 
menthoyl-amine8 and some men thone. CMailhe and Murat, Bull. Soc. Chim., 1911 (4), 
9, 464.] 

2660. cr-Terpineolbenzeneazohydroxylamineoxime to CuHieNiOi, probably an azo 
derivative. CD’Ambrosio, Gazz. chim. Hal., 1927, 67, 726; Chem. Abst., 1928, 22, 775.] 

2661. 2-Quinolylacetaldoxime to 2-quinolyl-0-ethylamine. Platinum catalyst. 
CHupe and Schramme, Z. physiol. Chem., 1928, 177, 315.] 

2662. Amines from Aldehydes and Ketones. The vapor of the aldehyde or ketone (or 
their ammonia compounds), mixed with hydrogen and ammonia, is passed over a heated 
nickel catalyst: primary amines are produced. Cyclohexanone gives cyclohexylamine; 
n-butylaldehyde, n-butylamine; isobutylaldehyde, isobutylamine; propylaldehyde, pro- 
pylamine; isovaleraldehyde, isoamylamine; isocapronic-aidehyde, isohexylamine. The 
catalyst is prepared by depositing basic nickel carbonate and water glass on pumice and 
reducing with hydrogen. An activating (dehydration) catalyst such as aluminum 
phosphate or alumina may also be present. 1 * 

2663. Secondary Bases of the Naphthalene Series fjLiruiphthomethylamines']. 
When a and 0 -naphthonitriles are reduced with hydrogen in the presence of nickel they 
yield respectively ace- and /3/3-dinaphthomethylamine, which are of use in the production 
of dyestuffs and drugs. 1 * 

2664. Hydroxybenzylamides of Unsaturated Fatty Acids Upepper substitutes ]. The 
oximes of hydro xyaldehydes are reduced to salts of hydro xybenzylamines by treat- 
ment in acid alcoholic solution with hydrogen in the presence of palladium as 
catalyst, the palladium being either deposited on a carrier or precipitated, and the prod- 
ucts are treated with unsaturated acid chlorides in the presence of aqueous sodium car- 
bonate solution. For example, a solution of vanillyloxime in alcohol acidified with fum- 
ing hydrochloric acid is treated wnth hydrogen in the presence of palladium, and vanillyl- 
amine is obtained from the solution by filtration and evaporation in vacuo. Nonylenic 
acid chloride, undecylenic acid chloride, or oleic acid chloride is added gradually to a 
well-stirred solution of the product in lukewarm water, the solution having been made 
alkaline by the addition of sodium carbonate. The corresponding vanillylamide sep- 
arates as an oil, and is purified by solution in alcohol and subsequent evaporation of the 
solvent. The products are suitable for use as substitutes for pepper. 17 

2665. Acetamide to ethylamine (and water). Gas phase : 230° : nickel or copper 
catalyst. Some ammonia is produced as well as dimethylamine, due to the decomposi- 
tion of the ethylamine by the nickel. [Mailhe, Bull. Soc. Chim., 1906 (3), 35, 614.] 

2666. Propionamide to propylamine (and water). Gas phase : 200° : nickel or 
copper catalyst. CMailhe, Bull. Soc. Chim., 1906 (3), 36, 614.] 

u Chem. Age t 1927, 16, 402; Brit. Pat. application 265,960, Feb. 9, 1926, by I. G. Farben- 
ind. A.-G. 

11 8 wise Pats. 108,704 and 109,066, June 30, 1923, to Rupe. 

17 Ger. Pat. 383,539, Aug. 6, 1920, to Ott. 
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2667 . Hexamethylene-tetramine, in the gas phase at 300°-350°, over nickel, yields 
ammonia, trimethylamine and methane. CGrassi, Gaz. Chim. Hal ., 1906, 36 , (2), 505.] 

2668 . 2, 2'-Azobispropane to symmetrical di-isopropylhydrazine. Colloidal plati- 
num catalyst. CLochte, with Noyes and Bailey, J. Am. Chem. Soc., 1922, 44 , 2556.] 

2669 . Acetone-isopropyl-hydrazone also yields symmetrical di-isopropy 1-hydrazine; 
when hydrogenated in this way. C/bid.] 

2670 . Primary iso-propyl-hydrazine may be prepared by hydrogenating an equi- 
molecular mixture of hydrazine hydrate, acetone and hydrochloric acid diluted (for 
1 mol. of hydrazine hydrate) to 300 cc., in presence of colloidal platinum with gum 
arabic protective. [Tbid.] 

2671 . The mono-nitroso-derivative of the di-isopropyl-hydrazine broke up, on 
hydrogenation, into ammonia, symmetrical hydrazine and unidentified products. C/bid.] 

2672 . Isobutaldazine with platinum-black catalyst is hydrogenated in stages. One 
molecule of hydrogen first combines in the a : 0(y : 6)-a : b-positions with formation of 
isobutylisobutyl-idenhydrazine, CH(CHi)j*CH : N-NH*CHi*CH(CHj)j, and azoiso- 
butane, CH(CHi)i-CHj*N : N-CHj-CH(CHi)i. A second molecule is taken up by 
these compounds produces symm. di-isobutylhydrazine (hydrazoisobutane), CH(CHj)j- 
CHi-NH-NH-CHi*CH(CHi)t. This hydrogenates further to isobutylamine and di-iso- 
butylamine. CTaipale, J. Russ. Phys. Chem. Soc., 1925, 66, 81.] 

2673 . Reduction of Azo Compounds to Hydrazo Compounds. Aromatic azo- and 
azoxy-compounds are reduced in good yield to the corresponding hydrazo-compounds by 
treatment in an organic solvent with hydrogen under pressure in presence of a nickel 
catalyst. By treating azobenzene in alcoholic solution at 100° with hydrogen under a 
pressure of 16.7 atmospheres in presence of reduced nickel, hydrazobenzene is obtained 
in satisfactory yield. At 126° and 33.3 atmospheres aniline is formed in quantitative 
yield. HBrown and Henke (assignors to Newport Co.), U. S. Pat. 1,589,936, June 22, 
1926. Bril. Chem. Abet., 1926 , 816B.] 

2674 . Azobenzene, C*H|*N : N-CeH* to aniline. Gas phase : 290° : nickel cata- 
lyst. ^Sabatier and Senderens, Bull. Soc. Chim., 1906 (3), 35, 259.] Also are formed 
small quantities of cyclohexylamine, dicyclohexylamine and ammonia. With colloidal 
palladium, under 2 atmospheres, azobenzene gives in five minutes hydrazobenzene, and 
this is hydrogenated more slowly (four and one-half hours) to aniline. CSkita, Ber., 
1912, 46 , 3312.] 

2675 . Acetone semicarbazone to isopropylsemicarbazide. 10 per cent chlorplatinic 
acid, 45 cc., gum arabic 0.5 g. in 10 cc. water, a small amount of germ colloid rreduce writh 
hydrogen under 3 atmospheres pressure : add acetone semicarbazone, 15 g., hydrochloric 
acid (sp. gr. 1.2), 6.7 cc. : eight hours : 70 per cent yield. [^Neighbors el al., J. Am. 
Chem. Soc., 1922, 44 , 1559.] 

2676 . Acetaldehyde phenylhydrazone, dissolved in ethyl alcohol, with similar treat- 
ment, yields the hydrazo compound. The same is true of acetone phenyl hydrazone. 
C /bid.] 

2677. Menthone semicarbazone to menthyl semicarbazide (CioHitNHNHCONH*). 
Methyl alcohol solution : colloidal platinum catalyst as above : 4 atmospheres pressure : 
six to nine hours. 

2678 . Camphor semicarbazone hydrogenated in this way yields bomyl semicarba- 
zide. C/^d] 

2679 . Di-isobutylideneazine (aldazine of isobutylaldehyde) was hydrogenated in the 
presence of platinum-black by method used previously for ketazine of acetone. [ [J . Russ. 
Phys. Chem. Soc., 1923, 64 , 654, Chem. Abst., 1923, 17 , 3015]. The best solvent was 
methanol. The hydrogenation takes place in two phases : First, 1 molecule of 
hydrogen absorbed produces the 2 isomers : isobutylisobutylidene hydrazine 

(CHi)iCH CH : NNHCH,-CH(CH*),, 

and azoisobutane; secondly, another molecule of hydrogen unites with these compounds 
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forming N iN-di-isobutylhydrazine or hydrazo-isobutane (CJItNH),. CTaipale, J. 
Rus8. Phys. Chem. Soc., 1925, 56, 81, Chem. Abst ., 1925, 19, 3478.] 

2680. The influence of various factors on the speed of the catalytic hydrogenation of 
azines has been examined by Taipale. 18 The catalyst used was platinum-black. For 
details of preparation and experimental technique the abstract in Chem. Abet. should be 
consulted. Some of the conclusions are: 

1. Azines with normal carbon chain are more rapidly hydrogenated than the wo- 
compounds. 

2. With similarly constructed azines, the heavier the radical attached to the nitrogen 
the slower the hydrogenation. 

3. Ketazines hydrogenate more slowly than aldazines. 

4. The velocity of reaction does not increase indefinitely with increase in the quan- 
tity of catalyst. 

5. The solvent is an important factor in determining the speed of hydrogenation. 
Glacial acetic acid increases the speed. Alcohols (ethyl and methyl) give better speed 
than ethyl acetate and this than ether. In ether and in ethyl acetate dilution slows the 
reaction : in acetic acid it has the contrary effect. 

2681. Benzylideneazine and o-hydrobenzylidineazine, on hydrogenation in glacial 
acetic acid with colloidal palladium catalyst, yield the primary amines. 

2681A. Benzylidene-aniline yields aniline and (?) toluene. 

2681B. Benzophenoneanil yields aniline and diphenylmethane. CRoeenmund and 
Pfankuch, Ber., 1923, 56, 2258.] 

2682. Acetophenone azine to symmetrical dimethylphenylmethyl-hydrazine. Per- 
fectly fresh azine must be used : colloidal platinum catalyst : atmosphere pressure of 
hydrogen. CSchulze and Lochte, J. Am. Chem. Soc. t 1926, 48, 1030.] 

2683. 3-Methylene-2,5-diketopiperazine (“ anhydro-glycylserine anhydride ”) to 
glycyl-df-alanine anhydride. Acetic acid solution : spongy platinum catalyst. 

2684. 3-Methylene-6-methyl-2,5-diketopiperazine to alanine anhydride. Acetic 
acid solution platinum catalyst. CBergmann, Miekeley and Kann, 1925, Z. physiol. 
Chem., 146, 247.] 

2685. Ethyl-carbylamine to methyl-ethyl-amine (with some mono- and di-propyl 
amines). Gas phase : 160°-170° nickel catalyst. CSabatier and Mailhe, Compt. rend., 
1907, 144, 955.] Tar poisons catalyst. 

2686. M ethyl-carbylamine, CH S -N : C, to dimethyl-amine (80 per cent yield). Gas 
phase : 160° : nickel catalyst. Tarry deposit on catalyst surface reduces activity. 
CSabatier and Mailhe, Compt. rend., 1907, 144, 955.] 

2687. Phenyl isocyanate hydrogenated over nickel at 190° yields aniline, methane, 
carbon dioxide and crystals of diphenyl-urea. CSabatier and Mailhe, Compt. rend., 1907, 
144, 825.] 

(1) CtHi-N : CO + 4H, = C.H.NH, + CH 4 + H,0 

(2) 2(C«H»'N : CO) + H,0 - CO, + (C 6 H»NH),CO. 

2688. Phenyl-pyroracemic acid to phenylalanine. Liquid phase : palladium cata- 
lyst in presence of ammonia. Benzyl-pyroracemic acid to benzylaminocarboxylic acid. 

2689. Benzoic acid with palladium catalyst in ammoniacal alcohol gives dibenzyl- 
amine : cinnamic aldehyde gives diphenylethylamine : ben zophenone gives benzohydryl- 
amine (C 4 H»),CH*NH,. CKnoop and Oesterlin, Z. physiol. Chem., 1927, 170, 186; Chem. 
Abst., 22, 409.] 

2690. I. Bases from Carbonyl Compounds. 1 * Catalytic reduction of Schiff’s bases 
in acid solution can be effected satisfactorily only with the more stable members of the 
group, since with less stable compounds the rate of hydrolysis exceeds that of hydrogena- 

11 J • Russ. Phys. Chem. Soc., 1925, 57, 487; a full abstract in Chem. Abst., 1926, 20, 3282. 

11 Skita and Keil, Ber., 1928. 61B, 1452. 
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tion. In neutral solution or suspension the absorption of hydrogen is inadequate, but 
formation of secondary bases occurs readily after addition of ammonia or a primary 
amine. It is frequently more advantageous to start with a mixture of aldehyde and 
amine instead of pre-formed Schiff’s base. Aldehydes of high molecular weight in pres- 
ence of ammonia are reduced exclusively to secondary amines, whereas the simpler alde- 
hydes afford tertiary amines. Ketones in presence of ammonia or primary amines give 
secondary bases. 

Cyclohexyl- 7 iy-dimethyloctylideneamine, from citral and cyclohexylamine is con- 
verted by hydrogen in the presence of alcohol, acetic acid, and colloidal platinum into 
cyclohexyl- 717 -di-methyloctylamine. In neutral solution, isoamyl- 717 -dimethyloctyl- 
ideneamine, affords isoamyl -7 v-dimethyloctylamine. In aqueous suspension in the pres- 
ence of ammonia, ethyl- 717 -dimethyloctylideneamine, yields ethyl -7 7 -dimethyloctyl- 
amine. M ethyl- 7 17 -dimethyloctylideneamine affords methyl- 717 -dimethyloctylamine in 
very modest yield. 

2691. Hydrogenation of citral in aqueous suspension in presence of colloidal platinum 
and ammonia gives di- 717 -dimethyloctylamine, obtained also by reduction of citral 
oxime. Heptaldehyde, under similar conditions, yields diheptylamine. Acetaldehyde 
and propaldehyde or the oximes afford triethylamine and tripropylamine, respectively. 

Diisopropylamine is prepared from acetone, while methyl ethyl ketone affords methyl- 
ethylcarbinol and di-sec.-butylamine. Di-or-ethyl propylamine is prepared in about 20 
per cent yield from diethyl ketone. Cyclohexanone yields a mixture of cyclohexanone 
and dicyclohexylamine. Ethyl-sec.-butylamine and cyclohexylethylamine are derived 
from ethylamine and methyl ethyl ketone or cyclohexanone, respectively .* 0 

2692. H .* 1 Ketones react generally with aliphatic amines and ammonia, even in 
aqueous suspension, giving intermediate A-substituted imines which are reduced to sec- 
ondary amines in the presence of platinum. On the other hand, if nickel is used as cata- 
lyst, ketones and ammonia give substantially primary amines, which are also obtained 
from aldehydes. If, however, the conditions used for nickel are followed (temperature 
90°) but the amount of platinum is greatly diminished, the production of primary amines 
becomes marked, but always subordinate to that of secondary amines. At the atmos- 
pheric temperature, secondary amines are produced exclusively. In confirmation, mix- 
tures of acetone, methyl ethyl ketone, diethyl ketone, or cyclohexanone with cyclohexyl- 
amine do not form secondary amines in the presence of nickel, whereas they readily do 
so under the influence of platinum at 90° or at atmospheric temperature. Similarly, 
benzaldehyde and acetophenone in aqueous suspension are transformed into secondary 
bases in presence of platinum. Palladium appears to have an action between those 
of platinum and nickel. The production of tertiary bases from certain aldehydes occurs 
in accordance with the scheme : 

+ RCn ? +H. 

<- R’CHi'NH'CHaR ~ [(R-CH,),NR : CHOH] ► (RCH,),N. 

+ 1110 

Reduction of diketones in the presence of primary amines affords amino-alcohols in very 
satisfactory yield; these compounds are also derived from hydroxyaldehydes and hydroxy 
ketones in presence of bases. The method can be applied in the sugar group. 

2693. A’-isopropylcyclohexylamine, from acetone and cyclohexylamine, A-«ee.- 
butylcyclohexylamine, from methyl ethyl ketone and cyclohexylamine; A-or-ethyl-n- 
propyl-cyclohexylamine, from diethyl ketone; benzyldiethylamine from benzaldehyde, 
acetaldehyde, and ethylamine, or benzylethylaminc and acetaldehyde; /3-cyclohexyl- 
aminopentan- 7 -ol, from acetylacetone and cyclohexylamine; /3-cyclohexylaminopropan- 
a-ol; A-cyclohexylarabinamine, OH • CHj • [CH • OH] 4 • CHi • N II • C *Hn, from arabinoee 
and cyclohexylamine, m.p. 135°-137°; A-cyclohexylmannamine hydrochloride, m.p. 
165°-167°.** 

*° Skita and Koil, Bcr., 1928, 61B, 1452; Chem. Abat ., 1928, 22, 4502; Bril . Chem . Ab*., 
1928. 1120A. 

*» Idem, Ber., 1928, 61B, 1682. 

** Idem , ibid., Brit. Chem. Abat., 1928, 1228A. 
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2694. Ketones, Aldehydes and Their Ammonia Derivatives to Primary Aliphatic 
and Cyclic Amines. Ketones, aldehydes, or their ammonia compounds are passed at 
100°-200° with hydrogen and ammonia over hydrogenation catalysts (reduced nickel 
and silica on pumice) preferably with the addition of dehydrating catalysts (aluminum 
phosphate, alumina) and activators (zinc oxide, magnesium oxide). Cyclo-hexylamine, 
n-butylamine, and isobutylamine are thus obtained together with only insignificant 
amounts of secondary and tertiary amines.** 

2696. Preparation of A^-aralkylated Aromatic Amines. Arylideneamines (Schiff's 
bases) are treated with hydrogen or gases containing hydrogen below 180° in the pres- 
ence of a catalyst formed from one or two metals of the iron group or their oxides or 
salts, preferably with addition of a heavy metal not belonging to the iron group, such as 
copper or its oxide or a salt. The C : N linking is thereby smoothly reduced and an 
almost quantitative yield of the corresponding A-aralkylamine is obtained. For exam- 
ple, A-benzal-p-phenetidine dissolved in decahydronaphthalene is treated with hydro- 
gen under a pressure of 5 atmospheres at 90°-100° in presence of about 5 per cent of 
nickel-cobalt-copper catalyst to give N-benzyl-p-phenetidine, in quantitative yield. 
AW-Dibenzylidene-p-phenylenediamine similarly treated gives AA-dibenzyl-p-phenyl- 
enediamine. N-Cinnamylidene-p-phenetidine treated in hexahydro toluene with hydro- 
gen under pressure at 100° in presence of a nickel-copper catalyst yields A'7-phenylpro- 
pyl-p-phenetidine. U. D. Riedel A.-G., Ger. Pat. 423,132, Mar. 4, 1924. Brit. Chem. 
Abet., 1926, 771B.] 

2696. Amino-alcohol Synthesis: Ephedrine. Phenyl methyl diketone and methyl- 
amine are dissolved in alcohol and the solution mixture is catalytically hydrogenated 
under pressure. 

CtHt CO CO CH, + CH,NH, - 


C«H*COC-CHi + HjO 

II 

NCH, 


C,H,CO-C-CH, + H, — 

II 

NCH, 

C,H*CHCHCH, 

OH H-NCH, 

The method is a general one for synthesis of amino alcohols. CManske and Johnson, 
see para. 3067.] Phenylpropanol amine, p-tolyl-propanol amine, and o-hydroxy phenyl 
propanol amine have been prepared by reduction of the corresponding isonitroso 
ketones (A r C 0 CH,CH,HN 02) in presence of palladized charcoal. These products 
resemble ephedrine in their pharmacologic properties. [THartung and Munch.] 0-Methyl- 
imino-or-phenylpropanone to df-ephedrine. Alcohol solution: platinum catalyst. 

CManske and Johnson, /. Am. Chem. Soc., 1929, 61, 580.] 

2697. Pyruvic acid (alpha-ketopropionic acid) to alanine (alpha-aminopropionic 
acid.) Pyruvic acid 1 mol, ammonia 2 mols, stirred in a hydrogen atmosphere for sev- 
eral days with a colloidal platinum catalyst and starch as protective colloid. CAubel and 
Bourguel, Compt. rend ., 1928, 186, 1844.] 

2698. 2-Methylbenzi800xazol to 2-hydroxy-5-methylacetophenone. Acetic acid 
solution : palladium catalyst. When the solvent is anhydrous ether the ketimine is 
formed. CLindemann and Pickert, Ann., 1927, 466, 275.] 

2699. 2-Phenyl-l : 4-pyrone to phenylcarbamylhydrazone. Colloidal palladium 
catalyst. CBorsche and Peter, Ann., 1927, 463, 148. 

*» Brit. Pat. 265,960, Feb. 7. 1927, to the I. G.; Brit. Chem. Abat. t 1928, 360B. 
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HYDROGENATION OF HETEROCYCLIC COMPOUNDS 

I 

2700. Furfural (pyromucic aldehyde) can be reduced to furyl alcohol in the gas 
phase at 190° over nickel catalyst. Pushed farther the hydrogenation of the furyl 
alcohol gives methyl furfurane : 

CH— CH CH— CH 

II II II II 

CH CCHjOH — CH CCH. 

\)/ \/" 

In turn the a methyl-furfurane adds 2Hj and tetrahydro-a methyl-furfurane results. 

CHi — CHi 

i i 

CH, CH CH, 

\/ 

On continuing the operation the ring is opened up and, first, methyl-propyl-ketone 
and finally methyl-propyl-carbinol (pentanol) are formed. [Tadoa and Ponti, Lined , 
1906, 16 (2), 610, Chem. Cenlr., 1907 (1), 570.3 

2701. Furfural is treated in the vapor phase over a catalyst with a large excess of 
hydrogen for the production of furyl alcohol. The proportion of methylfurane 
formed increases with rise in temperature. 1 

2702. Furfural: Hydrogenation to Tetrahydrofurfural.* When direct hydrogena- 
tion of furfural is practised, tetrahydrofurfural is not obtained; the aldehyde group CHO 
is always attacked. 10 It was, therefore, sought to protect this group. Two methods of 
hydrogenation were tried: (1) of the diethyl acetal; (2) of the diacetate. The second 
was completely successful, the first less so, there being in the product a considerable 
quantity of impurities as well as some unchanged furfural. Details of the preparation 
of these two bodies are given in the original paper, and in the abstract cited as well as 
those of the purification of the tetrahydrofurfural. The conditions of the hydrogenation 
were: (la) 7 g. of the diethyl acetal with 0.09 colloidal platinum, required fifty-five hours 
for complete hydrogenation, the catalyst being twice activated with air. (16) 6 g. of 
the diethyl acetal, dissolved in 25 cc. ether or alcohol, with 2.4 g. palladinized charcoal 
(0.12 g. palladium) took six hours, absorbing a little more hydrogen than the theoretical 
quantity for tetrahydrofurfural. The product, as we have said, contained some furfural. 
(2a) 5 g. diacetate in acetic acid, with 0.3 g. platinum sponge was completely hydro- 
genated in fourteen hours, the catalyst being reactivated three times. (26) With palla- 
dinized charcoal (0.15 g. palladium) the hydrogenation was complete in five hours in 

1 French Pat. 639,756, Jan. 31, 1927, to Soc. Anon. des. dist. des Deux-S6vres. 

* Scheibler, Sotscheck and Friese, Ber., 1924, 57B, 1443: Chem. Ahst ., 1925, 19, 278. 

,a See Figures 256 and 25c, pages 183 and 210 respectively. Pierce and Parks, J. Am. 
Chem. Soc., 1929, 61, 3384. 
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acetic acid and in three and three-quarter hours in ether. The ether requires special 
purification by washing with solution of sodium hydroxide and with alkaline perman- 
ganate and drying, first with calcium chloride and finally over sodium. The hydrogenation 
must not be interrupted (except for the reactivations of the catalyst) and, therefore, 
work should be done with small quantities (e.g., 5 g.) at a time. The catalyst may be 
regenerated by washing with alcohol and ether, heating in carbon dioxide two hours at 
140°-150° C. and cooling in carbon dioxide. 

2703. In alcoholic solution at 3 atmospheres total pressure with platinum oxide 
catalyst, after 1 molecule of hydrogen is absorbed, furyl alcohol, in quantitative yield, is 
obtained. On continuation of the hydrogenation there results a mixture of tetrahydro- 
furyl alcohol, pentane-1, 2-diol (?), pentane-1, 5-diol and ammonia. The tetrahydro- 
furyl alcohol is the chief product. Ferrous chloride very markedly promotes this hydro- 
genation. CKaufmann with Adams, J. Am. Chem. Soc., 1923, 45, 3029.] 

2704. Hydrogenation of Fur&n Derivatives. Kariyone applied four methods of 
catalytic hydrogenation, viz., platinum-black, colloidal platinum solution, palladium on 
barium sulphate and colloidal palladium solution. The furan derivatives used were: 

(1) Those containing — CH* — or — CH= at the ar-position of the furan nucleus (fur- 
furethylene, furylacrylio acid, furfuralacetone, furylphenylmethane, and furyl alcohol. 

(2) Those having — CO — group at the a-position (furyl methyl ketone, furyl phenyl 
ketone, furoin, furil and furylethyl ether). (3) Furfural and its derivatives (furfural, 
furfural di-ethyl acetal and furfurylidene diacetate. (4) Furan carboxylic acid and its 
derivatives (pyromucic acid, ethyl pyromucate, pyromucic amide, furfuronitril, /3-(?)- 
nitropyromucic acid, dehydromucic acid, dimethyl dehydroraucate and methylfuran- 
carboxylic acid. The conclusions may be summarized as follows: The members of 
group (1) are the most easily hydrogenated, next (2) and — COjH acid derivatives 
are rather difficult to be reduced. The dehydromucic acid can be easily reduced by 
Na-Hg, but difficultly by catalytic hydrogenation. In (3), the diethyl ester is the 
easiest to be reduced, furfural being the most difficult. When 1 molecule hydrogen was 
added to those having a side chain with a double bond, Kariyone found that furfur- 
ethylene gave a large amount of the original Substance and a trace of the 6-hydro deriva- 
tive, while furylacrylic acid gave, quantitatively, furylpropionic acid.* 

2705. Alkyl furyl carbinols hydrogenated with the Voorhees- Adams platinum oxide 
catalyst yielded a mixture of (a) isomeric alkyl tetrahydrofuryl carbinols, (6) isomeric 
alkyl n-propyl- 1,2-glycols, (c) alkyl 1,5-glycols, ( d ) alkyl butyl carbinols. Alcoholic 
solutions were used. 

2706. Ethyl-furyl carbinol gave: hcptanoI-3, ethyl-tetrahydrofuryl carbinol (appar- 
ently a mixture of the 2 isomers), heptanediol-3, 4 (1 isomer, one solid, the other 
liquid), hcptanediol-1, 5. 

2707. n-Butyl-furyl carbinol gave: dibutyl carbinol, butyl-tetrahydrofuryl carbinol, 
nonanediol-4, 5 (2 isomers, one solid, the other liquid). [^Pierce with Adams, J . Am. 
Chem. Soc., 1925, 47, 1098.] 

2708. Furyl-ethyl-carbinol to tetrahydrofuryl-ethyl-carbinol. Gas phase : 175° 
: nickel catalyst. CDouris, Compt. rend., 1913, 157, 722.] 

2709. Furfuracrolein to furyl propylalcohol and by further absorption of hydrogen 
to tetrahvdrofurylpropyl alcohol and a heptane-diol. Alcoholic solution: platinum 
oxide-platinum-black catalyst: a little ferrous sulphate as promoter. 

If the reduction was carried out in the presence of ferrous sulphate and zinc sulphate, 
the reaction stopped at the absorption of one molecular equivalent of hydrogen and pure 
furylallyl alcohol was obtained. [Bray and Adams, J. Am. Chem. Soc., 1927, 49, 2101.] 

2710. Alpha-furfurylamine to tetrahydrofurfurylamine. Glacial acetic acid solution : 
palladinized animal charcoal catalyst. [Williams, Ber., 1927, SOB, 2509.] 

2711. Furfural-oxime to tetrahydro-furfural oxime. Absolute ether solution : palla- 
dinized animal charcoal catalyst. [/fru/.] 


1 Kariyone, J. Pharm. Soc., Japan, 1925, No. 615, 1 : from Chem. Abet ., 1926, 10, 412. 
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2712. Rupture of Furane Nucleus. Attempted hydrogenation of furylethylamine, 
with a platinum oxide catalyst, resulted in rupture of the ring and the formation of 
7-hydroxyhexylamine. CTakamoto, J. Pharm. Soc., Japan, 1928, 48, 366.] 

2713. Furylpropylamine (with ferrous chloride promoter) gave almost quantitatively 
tetrahydrofurylpropylamine. On further hydrogenation of this compound fission of the 
ring occurred with formation on 17-hydroxyheptyl amine. £Ibid. 9 686; Chem. Abst., 1929, 
23, 387.] 

2714. Zanetti £J. Am. Chem. Soc., 1928, 1821] stated that a-tetrahydrofurfuryl alco- 
hol would soon be available on a commercial scale from the catalytic reduction of fur- 
fural. This has now been realized. 

2716. Trickey uses tetrahydrofurfuryl alcohol, made by catalytic hydrogenation, as 
a solvent in nitrocellulose lacquers. 4 * 

2716. Pyrrole to pyrrolidine, C 4 HfN. Gas phase : 180°-190° : nickel catalyst : 25 
per cent yield with some hexahydroindoline. CPadoa, Gazz. Chim. Ilal., 1906, 36 (2), 
317.] 

2717. Pyrrole adds 2H* to form pyrrolidine when hydrogenated in the presence of 
platinum-black. QWillstatter and Hatt, Ber ., 1912, 46, 1371.] 

2718. A’- methylpyrrole to A’-methylpyrrolidine. Voorhees-Adams platinum oxide 
catalyst with usual technique. 8.1 g. A r -methylpyrrole in 40 cc. glacial acetic acid, 0.5 g. 
catalyst, slight plus pressure of hydrogen : 75 per cent yield. CWibaut, Rec. trav. chim. 
Pays-bas , 1925, 44, 1101.] 

2719. 1-Methylpyrrolc to 1 -methyl pyrrolidine. By shaking 1 -methyl pyrrole in 
acetic acid solution with hydrogen for forty-one hours under a pressure of 20 cm. of water, 
successive small quantities of platinic oxide being added as a catalyst, a 74 per cent 
yield of 1-methylpyrrolidine is obtained. CWibaut, Rec. trav. chim. Pays-bas, 1925, 44 , 
1101 .] 

2720. Pyrrole aldehydes to pyrrole alcohols. Alcohol solution. 

Were prepared: 2, 5-dimethyl-3-carbethoxy-4-hydroxy-methylpyrrole, 2, 4-dimethyl- 
3-carbethoxy-5-hydroxy-methylpyrrole, 2, 4-dimethyl-5-carbethoxy-3-hydroxypyrrole. 
Catalytic reduction in acetic acid gave the methane derivative directly. CFischer and 
Stem, Ann., 1925, 446, 229.] 

2721. Ethyl 3-vinyl-2-methyl-4-ethylpyrrole-5-carboxylate to ethyl 2-methyl-3 : 4- 
diethylpyrrole-5-carboxylate. Platinum-black catalyst. £ Fischer and Stangler, Ann., 

1927, 469, 53.] 

2722. 5-Aldehydo-2-methylpyrrole-3-carboxylic acid (semicarbazone) to 5-(3-car- 
bethoxy-2-methylpyrryl)-carbinol, and formaldehyde. Platinum catalyst. 

2723. Catalytic reduction of the ethyl ester of the acid in glacial acetic acid yields 
di-5-(3-carbethoxy-2-methylpyrryl) methane. [[Fischer and Schubert, Z. physiol. 
Chem., 1926, 166, 72.] 

2724. Hemin to monohydrohemin. Sodium hydroxide solution : palladium-charcoal 
or platinum oxide catalyst. 

2724A. Hemin to dihydrohemin. Pyridine and chloroform solution : same catalyst. 

2724B. Hemin to perhydrohcmin. Piperidine and chloroform solution : same 
catalyst. CKuhn, Braun, Seyffert and Furter, Ber., 1927, 60B, 1151; Cf. Fischer and 
Walter, Ber., 1927, 60B, 1987.] 

2726. The hydrogenation of hemin, dihydrohemin, and mesohemin, in various sol- 
vents 6 and with various catalysts 4 is detailed in an article by Kuhn and Seyffert, Ber., 

1928, 61B, 2509-2516. 

2726. Porphyrin, mcsoporphyrin, their hydrochlorides and dimethyl esters were 
also hydrogenated. [/5td.] 

4 U. S. Pat. 1,703,697, Feb. 26. 1929 (assigned to Quaker Oats Co.). 

6 "/10 soda, chloroform and pyridin for tho hemins; glacial acetic acid for the porphyrins. 

6 Pd-norit, Pd-eharcoal, Pd-BaS0 4 , Pd-bone charcoal, Pd-asbestos, Adams' platmum 
oxide-platinura-black. 
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2727. Catalytic Hydrogenation of Hemateric Acid and Hemin. 7 Hemateric acid in 
acetic acid solution is catalytically hydrogenated to a porphyrin not distinguishable 
from mesoporphyrin. The maximum amount of hydrogen absorbed is equivalent to 6 
atoms of hydrogen per mol of hemateric acid; no decolorization occurs. M eso porphyrin 
solutions absorb hydrogen irregularly, and are not decolorized. Appreciable hydrogen- 
ation of hemin occurs in acid solution with the formation of mesohemin and mesopor- 
phyrin. In alkaline solution approximately 6 atoms of hydrogen are absorbed per mol 
of hemin, but spectroecopical examination reveals no mesohemin. 8 

2728. Alcohols of the pyrrolidine series are made by treating pyrroles with alcohol 
groups in a side chain, in acid solution, with hydrogen in the presence of a catalytic 
metal of the platinum group, preferably under pressure. The resulting alcohols are 
applied in pharmacy. 9 10 

2729. 4-Car bo xy-1 : l-dimethyl-2-methylenepyrrolidinium bromide to 4-carboxy-l : 

1 : 2-trimethylpyrrolidinium bromide. Palladium catalyst. CMannich and Gollasch, 
Arm., 1927, 463, 177.] 

2730. N-dimethyl-0-ketopyrroiidinium chloride to JV-dimethyl-/3-hydroxy-pyrroli- 
dinium chloride. Skita (shaking) apparatus : platinum sponge catalyst : 2 atmospheres 
plus pressure hydrogen. [Mannich and Gollasch, Ber ., 1928, 6 IB, 263.] 

2731. 2-Methylene-Ar-dimeth3dpyrrolidinium chloride to 2-methyl-iV-dimethyl- 
pyrrolidinium chloride. Colloidal palladium or nickel catalyst. £von Braun and 
Teuffert, Ber., 1928, 61B, 1092.] 

2732. Skita and Brunner 10 found that pyridine was readily reduced to piperidine in 
dilute hydrochloric acid solution by hydrogen in presence of colloidal platinum, but that 
traces of pentane were produced at the same time. The hydrogenation of a-picoline, 
a-lutidine, and 2.4.5-collidine proceeded with greater difficulty, but good results were 
obtained in acetic acid solution at 25°-45° C. under an excess pressure of 3 atmospheres. 
ar-Phenylquinolinecarboxylic acid was reduced to tetrahydrophenylquinolinecarboxy- 
lic acid when treated in dilute glacial acetic acid solution at 50°-60° C. with hydrogen 
under an excess pressure of 1 atmosphere, in presence of a platinum catalyst, while the 
decahydro-compound was obtained by working under a pressure of 3 atmospheres, and 
using a larger quantity of catalyst. The tetrahydro-com pound is crystalline and melts 
at 218° C., while the decahydro-derivative is amorphous, melting at 330° C. (with 
decomposition). The hydrogenation of the cinchona alkaloids, although presenting 
greater difficulty, was also effected. Thus quinone, or dihydroquinine, absorbed 3 or 6 
mols. of hydrogen, according to the duration of treatment, being converted into hexa- 
hydrocinchonidine, m.p. 206° C., and dodecahydrocinchonidine, m.p. 104° C. The 
same hexahydrocinchonidine was also obtained by catalytic reduction of dihydrocin- 
chonidine. Similarly by the hydrogenation of quinidine and cinchonine a hexahydro- 
cinchonine of the formula Ci*H»N|0, m.p. 241° C., was obtained. 11 

2733. Pyridine and Quinoline. The influence of different catalysts in the hydro- 
genation of pyridine and quinoline by Ipatiev’s method has been intensively studied by 
Sadikov and Mikhailov. 1 * For the elaborate details of pressure, temperature, rates of 
absorption of hydrogenation, and the results of fractionation of the products, the original 
articles or the (full) abstracts must be consulted. 

2734. The catalysts used for pyridine were platinized asbestos, palladium asbestos, 
iridium and osmium on asbestos. The catalytic power was found to increase with the 
affinity for oxygen in the order: platinum, palladium, iridium, osmium. The chief prod- 

7 Papendieck, Z. physiol. Chem., 1927, 169, 69. 

8 Brit. Chem. Abst., 1927, 109A. 

• Ger. Pat. 283.333. Oct. 21. 1913, to Bayer & Co.; Chem. Abst., 1915, 9, 2569. 

10 Ber., 1916, 49, 1597-1605. 

11 J.S.C.I. , 1916. 35, 1033. 

18 /. Russ. Phys. Chem. Soc., 1927, 68, 527: Chem. Abst., 1927, 21, 3364; J. Chem. Soc., 1928, 
438; Chem. Abst., 1927.21,3364: Ber., 1928. 61B, 421 ; Chem. Abst., 1928, 22, 1974. The 
Berichte article deals with the two alkaloidal by-products of the hydrogenation of pyridine. 
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uct of the hydrogenation of pyridine was piperidine (70 per cent). With 20 per cent 
osmium-asbestos the by-products were found to contain two high boiling compounds 
of an alkaloidal character, C 9 H i9 N, probably A-raethyl-beta-propyl-piperidine (AT- 
methylconiine) and a, a' '-dimethyl-beta-propyl - N ( A'-dipiperidyl), C u H*oNi. 

2736. The best catalyst for quinoline was found in an association of osmium (20 per 
cent on asbestos) and ceric oxide. Ceric oxide alone (20 per cent on asbestos) will 41 facili- 
tate ” the hydrogenation of quinoline, giving a yield of 88 per cent tetrahydroquinoline: 
but for the hydrogenation of pyridine, naphthalene and benzene, and for the further 
hydrogenation of tetrahydro- and hexahydroquinoline, it must be associated with a 
catalytic metal. Ceric oxide has a decided retarding action on the hydrogenation of 
pyridine. 

2736. Catalytic Hydrogenation of Pyridine. Pyridine was hydrogenated in an open 
tube, and by Ipatiev’s method under pressure in the presence of catalysts prepared by 
Zelinsky’s method. 11 In an open tube at 150°, with 40 per cent platinized asbestos, the 
hydrogenation was very slow (300 hours). The product was fractionated and the refrac- 
tive indices and densities were determined. No amylamine was isolated, but 60 per cent 
of tetrahydro-pyridine, together with condensation products of higher boiling-point 
resulted. With 20 per cent platinized asbestos at 200°, hydrogenation by Ipatiev’s 
method was very slow: after six hours 6.6 per cent, after twenty-four hours 7.8 per cent; 
at 250° af ter sixteen hours about 20 per cent. Palladized asbestos (20 per cent) , under the 
same conditions, gave a 70 per cent yield after nineteen hours, while 20 per cent iridized 
asbestos gave complete absorption of hydrogen after twelve hours. With 20 per cent 
osmized asbestors, absorption is complete after six hours at 240°, and a 30 per cent yield 
of condensation products of higher boiling-point is obtained; 5 per cent and 1 per cent 
osmium catalyst* also give complete absorption. The efficiency of the catalysts is in the 
order of their oxidizability: a colloidal suspension of the metal in pyridine may be formed 
which adsorbs oxygen and causes the hydrogen molecule to dissociate into atoms, which 
then add on to the unsaturated compound. The possible influence of traces of water is 
also mentioned. CSadikov Mikhailov, J. Russ. Phy8. Chem. Soc ., 1926, 68, 527; 
Brit. Chem. Abst. t 1927, 253A.] 

2737. Pyridine to piperidine. Liquid phase : colloidal palladium catalyst. CSkita 
and Meyer, Bcr. } 1912, 46, 3587. ] The same hydrogenation may be effected in presence 
of a gum-arabic protected colloidal platinum catalyst. £/5id., 3589.] In the gas phase, 
over nickel at 120°-220°, pyridine is not hydrogenated to piperidine: the ring is slowly 
attacked and opened with production of very little amylamine. ^Sabatier and Mailhe, 
Compt. rerui., 1907, 144, 784.] 

2738. The homologs of pyridine take up 3H* when hydrogenated in acetic acid 
solution with a gum arabic protected colloidal platinum catalyst, under atmospheric 
pressure or under 2-3 atmospheres. CSkita and Brunner, Ber. t 1916, 49, 1597.] 

2739. Pyridine is very readily hydrogenated to piperidine in the presence of platin- 
ized asbestos (40 per cent) at 150°. The catalyst does not become poisoned, since it 
retains its ability to cause the hydrogenation of benzene. At about 250° it smoothly 
effects the dehydrogenation of piperidine, but, after use, it is no longer capable of 
bringing about the reduction of benzene or pyridine or the dehydrogenation of cyclo- 
hexane. Palladized asl>e8to8 is a still more effective agent for the hydrogenation of 
pyridine at 150°; after use, however, it is found to have lost all activity towards 
benzene. It readily causes the dehydrogenation of piperidine, but not of cyclohexane 
at 250°; after use, it is incapable of effecting hydrogenation. 

2739A. The preparation of the highly active catalyst is effected in the following 
manner. Asbestos, which has been washed with acid and ignited, is soaked in a con- 
centrated, faintly acid solution of platinum or palladium chloride at the temperature of 
boiling water and subsequently immersed in cold formaldehyde solution (35-40 per 
cent). It is then treated with concentrated sodium hydroxide solution (40-50 per cent), 
initially at 0° and finally on the water-bath. The product is washed thoroughly with 

11 CJ. para. 2739A. 
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water, immersed in dilute acetic acid solution, and again washed until the filtrate is 
neutral in reaction. It is dried for a short period at 110°. ^Zelinsky and Borisoff, 
Ber ., 1924, 57B, 150; J. Chem. Soc. Absl., 1924, i, 241.] 

2740. Pyridine cannot be reduced directly, or in a solvent with platinum-oxide 
platinum-black. If it is converted to the hydrochloride the reduction goes smoothly. 
Comparison of the reduction of pyridine hydrochloride with a number of pyridonium 
chlorides indicated that the rate of reduction is as follows, the slowest being given first: 
Pyridine hydrochloride, pyridonium ethyl chloride, butyl chloride, hexyl chloride, carb- 
ethoxy-methyl chloride, beta-hydroxy ethyl chloride, gamma-hydroxy ethyl chloride. 14 

2741. In most solvents pyridine poisons the platinum-black. For the reduction of 
the hydrochloride absolute ethanol is the best and glacial acetic acid the next best sol- 
vent. Water inhibits the reduction. With 0.1 mole pyridine hydrochloride, 150 cc. 
solvent, and 0.15 g. catalyst the reduction is complete in seven hours. The use of 0.5 g. 
catalyst cuts this time to thirty minutes. Increase of temperature to 50° also accel- 
erates the reaction. Pyridinium salts gives hexahydro-, quinolinium salts tetrahydro- 
derivatives. C Hamilton and Adams, J. Am. Chem. Soc., 1928, 60, 2260.] 

2741A. Pyridine in liquid state passed over nickel at 180° C. under 20 atm. hydrogen 
pressure, yields piperidine and a little tetrahydropyridine, no amylamine. lifl 

2742. 2-0-Hydroxy-n-propylpyridine-methosulphate to l-methyl-2-0-hydroxy-n-pro- 
pylpiperidine. Platinum-platinum oxide catalyst. 

2-0-Hydroxy-n-propyl pyridine to 2-0-hydroxy-n-propy l piperidine. (These com- 
pounds are related to iso-pelletierine.) CMeisenheimer and Mahler, Ann., 1928, 462, 
301.] 

2743. 0-Pyridyl y-methylaminopropyl ketone to the alcohol. Palladium charcoal 
catalyst. (A new synthesis of nicotine.) CSpath and Bretschneider, Ber., 1928, 61B, 
327.] 

2744. Ethyl 1 : 2 : 6 : V : 2' : 6'-hexamethyl-4 : 4'-diisobutyltetrahydrodipyridyl- 
3:5:3': 5'-tetracarboxylate to ethyl 1:2: 6-trimethyl-4-isobutyl-l : 2-dihydropyri- 
dine-3 : 5-dicarboxylatc. Colloidal palladium catalyst. This latter compound on 
hydrogenation in acetic acid solution with spongy platinum yields the corresponding 
tetrahydro compound. [Mumm and Ludwig, Ber., 1926, 69B, 1605.] 

2746. Dipiperidyls. 15 The isomeric dipiperidyls conveniently obtained by hydro- 
genating the corresponding dipyridyls, using a platinum oxide-platinum-black catalyst 
in aqueous or alcoholic hydrochloric acid. Products of partial reduction were not 
formed. The following are described: 4 : 4'-dipiperidyl, m.p. 172°; 2 : 2'-dipiperidyl 
di-phenyl-thiourethane, m.p. 178°; 3 : 3'-dipiperidyl, m.p. 105°, b.p. 282°; and 3 : 41- 
dipiperidyl, m.p. 159°, b.p. 270°. 14 

2746. Methylpiperidines. 17 3-Methylpiperidine-3-methylpyridine (0-picoline) was 
prepared from glycerol ammonium phosphate and phosphorus pentoxide, according to 
the method of Schwarz. CBerichle, 1891, 24, 1676.] The hydrochloride was prepared 
and reduced catalytically, using the same procedure as that employed for the prepara- 
tion of 3-carbethoxypiperidine. The 3-methylpipcridine so obtained boiled at 123°-126°. 

2-Methylpiperidine-2-methylpyridine (a-picoline) was isolated from the picoline 
fraction of coal-tar bases which boiled at 127-132° by the method of Heap, Jones and 
Spe&kman (J. Am. Chem. Soc., 1921, 43, 1936). It was reduced in a manner similar to 
that used for 3-methylpyridine. The 2-methylpiperidine boiled at 114°-116°. 

2746A. op-3-Methylpiperidinoacetone (hydrochloride) to or-3-methyIpiperidino-0- 
propyl alcohol (hydrochloride). Alcohol solution : platinum catalyst. CThayer and 
McElvain, /. Am. Chem. Soc., 1928, 60, 3348.] 

14 Hamilton and Adams. J. Am. Chem. Soc., 1928, 60, 2260; Chem. Abet., 1928, 12, 3165. 

140 Brit. Pat. 309,300, Mar. 31. 1928 to Techn. Res. Wka., Ltd. and Lush. 

11 Smith, J. Am. Chem. Soc., 1928, 60, 1936. 

"Brit. Chem. Abet., 1928, 1025A. 

IT McElvain, J. Am. Chem. Soc., 1927, 49, 2837. 
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2746B. a-3-Methylpiperidino-butane-7-one (hydrochloride), hydrogenated and ben- 
zoylated yields a-3-methyl-piperidino-7-benzoyloxybutane (hydrochloride). [76td.] 

2747. l-Methyl-3-carbethoxy-4-piperidone (hydrochloride) to l-methyl-3-carb- 
ethoxy-4-hydroxypiperidine. 15 g. in 75 cc. absolute alcohol : Voorhees- Adams’ plati- 
num oxide catalyst : 2 atmospheres pressure : fifty hours’ shaking. [McElv&in, J. Am. 
Chem. Soc., 1924, 46, 1721 J 

2748. By the same method the l-alkyl-3-carbethoxy-4-hydroxy-piperidines were pre- 
pared from the corresponding l-alkyl-3-carbethoxy-4-piperidone hydrochlorides. The 
alkyl radicles were: ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec. -butyl, n-amyl 
and iso-amyl. Only the ethyl and the two propyl derivatives were isolated as the others 
decomposed on distillation. [McElvain, J. Am. Chem. Soc., 1926, 48, 2179.] 

2749. Similarly the l-alkyl-3-carbethoxy-4-piperidyl p-aminobenzoate (dihydro- 
chlorides) were obtained from the l-alkyl-3-carbethoxy-4-piperidyl p-nitrobenzoate 
(hydrochlorides). The reduction was complete in five minutes. The alkyl radicles 
were: methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl and iso-amyl. These prod- 
ucts are of pharmacologic importance on account of their local anaesthetic properties. 
[McElvain, J. Am. Chem. Soc., 1926, 48, 2239.] 

2750. 3-Carbethoxy-l-alkyM-piperidones as hydrochlorides hydrogenated in pres- 
ence of platinum oxide yield the corresponding 4-hydroxy-3-carbethoxy-l-alkylpiperi- 
dines. (These yield powerful local anaesthetics of low toxicity.) [McElvain, J. Amer. 
Chem. Soc., 1926, 48, 2179.] 

2761. l-(3-Methylpipcridino)-propanone hydrochloride to l-(3-methylpiperidino)- 
propanol hydrochloride. Alcohol solution : Adams’ platinum-oxide platinum-black 
catalyst (0.3 g. catalyst to 15.5 g. ketone) : three and one-half to four hours. 

2762. l-(3-\lethylpiperidino)-butanone-3-hydrochloride to l-(3-methylpiperidino)- 
butanol. As above. [Thayer and McElvain, J. Am. Chem. Soc., 1928, 60, 3351-3352.] 

2763. Unsaturated 7 -Ketonic Amines: Hydrogenation. 18 The following results are 
reported: — 

2763A. «-Pipcridino-a-phenyl-A a -pcntene-7-one to c-piperidino-a-phenylpentane-7- 
one. Palladium charcoal catalyst. 

2763B. c-Diethyiamino-a-phenyl-A^pentene-r-one to «-diethylamino-€r-phenylpen- 
tane-7-one. 

2753C. €-Piperidino-a-3 : 4-methylenedioxyphenyl-A a -pentene-7-one to e-piperidino- 
or-3 : 4-methylenedioxyphenyl-pentane-7-one. Glacial acetic acid : palladium-charcoal 
catalyst. 

2763D. e-Piperidino-or-3 : 4-dimethoxyphenyl-A a -pentene-7-one to t-piperidino-er- 
3 : 4-dimethoxyphenylpentane-y-one. 

2763E. e-Diethylamino-or-3 : 4-methylenedioxyphenyl-A a -pentene-7-one to e-dy- 
ethylamino-or-3 : 4-methylene dioxyphenylpentane-y-one. 

2763F. e-Piperidino-o-p-anisyl-A a -pcntene-7-one to e-piperidino-a-p-anisylpentane- 
7-one. 

2763G. €-Diethylamino-a-3 : 4-dimethoxyphenyl-A a -pentene-7-one was obtained 
but in poor yield and (apparently) was not hydrogenated. 

2764. 3-Piperidinomethyl-2-hexenone hydrobromide to 3-piperidinomethyl-2-hexa- 
none hydrobromide. In water: palladium-charcoal catalyst. [Mannich and Gollasch, 
Ber., 1928, 61B, 263.] 

2755. a-Propenylpyridine hydrogenated in presence of colloidal platinum gives a 
product from which conine may be obtained by the action of sodium and ethanol. 
[Roller, Monatsch., 1926, 47, 393.] 

2766. Pyridine-carboxylic acids to piperidinic acids. Liquid phase : colloidal plati- 
num catalyst. [Hess and Liebrandt, Ber., 1917, 60, 385.] 

2767. 1 : 4-Dimethyltetrahydropyridine-3-carboxylic acid to 1 : 4-dimethylpiperi- 
dine-3 -carboxylic acid. Palladium-animal charcoal catalyst. [Mannich and Stein, 
Arch. Pharm., 1926, 264, 77.] 

18 Mannich and SchQt*, Arch. Pharm., 1927, 266 , 684. 
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2788. 3- Acetyl-1 : 4-dimethyl-tetrahydropyridine to 3-acetyl- 1 : 4-dimethyl-piperi- 
dine. In acid solution : palladium-animal charcoal catalyst. 

2769. Hydrogenation with Rupture of Molecule. Triphenylpyridinephenylimine in 
methanol solution was shaken with platinum-black and hydrogen. The reaction was 
very rapid. Triphenyl-2.4. 6-pyridine (75 per cent of theoretical) and aniline were pro- 
duced. ^Schneider and Weiss, 1928, Ber., 6 IB, 2448.3 

2759 A. Similarly: methyl-2-diphenyl-4,6-pyridinephenylimine was split yielding ani- 
line and methyl-2-diphenyl-4, 6-pyridine. CDilthey, /, prakt. Chem ., 1916 (2), 94, 75.3 

2760. AT-dimethylpiperidine to alpha-dimethylamino-n-pentane. (v. Braun and 
Teuffert, Ber., 1928, 61B, 1092.3 

2761. Pirylene, probably either: 


CH, : C< 


:h 

311 ,- 


^CH or CH^ 


C-CH. 
CH, 


is the ultimate product of the Hofmann degradation of piperidine. It readily takes up 
2 molecules of hydrogen on catalytic hydrogenation. LIbid.l 

2762. Piperidyl Compounds. Methyl nicotinate to methyl hexahydronicotinate. 
Absolute ethanol-acetic acid solution : Adams’ platinum-black catalyst. 

2762A. Derivatives of this hexahydronicotinate obtained by condensation with (1) 
beta-bromoethyl para-nitrobenzoate and (2) gamma-bromopropyl para-nitrobenzoate, 
yield on catalytic hydrogenation (1) beta- (3-carbomethoxy-piperidyl) ethyl para-nitro- 
benzoate hydrochloride and (2) gamma-(3-carbomethoxy-piperidyl) propyl para-amino- 
benzoate hydrochloride. CBames and Adams, J. Am. Chem. Soc., 1927, 49, 1307.3 1 * 

2762B. Beta-hydroxyethylpyridinium chloride to A'-beta-hydroxyethylpiperidine. 

C/hu/J 

2762C. Gamma-hydroxypropylpyridinium chloride to AT-beta-hydroxyethylpiperi- 
dine. Ubid. 3 

2762D. Beta-pi peridylethyl para-nitrobenzoate hydrochloride to beta-piperidylethyl 
para-aminobenzoate hydrochloride. [Ibid. 3 

2762E. Gamma-piperidylpropyl para-nitrobenzoate hydrochloride to gamma- 
piperidylethyl para-aminobenzoate. Ubid . 3 

2763. Nicotinic acid hydrochloride to nicocotinic acid hydrochloride, with Voorhees- 
Adams’ platinum oxide catalyst. 10 g. hydrochloride in 150 cc. water plus 1.0 g. cata- 
lyst : initial pressure 2.75 atmospheres : time, two hours. CVoorhees with Adams, 
/. Am. Chem. Soc., 1922, 44, 1405.3 

2764. Quinoline to or-methyl-indol. Gas phase : 200° : nicktel catalyst. In two 
stages: first, the ring opens and ethyl-orthotoluidine results, then the ring closes again 
and a-methyl-indol is produced : 


hc^ CH \/ CH Y 

H \hA N / H 


HC^ CH ' s CCH, 

I II 

HC. /C-NHCHi 

\h/ | 

CH, 


hc/ CH V 


-CH 




CCH, 


'NH' 


CPadoa and Carughi, Linen, 1906, 15, 113; Chem. Cenlr., 1906 (2), 1011.3 

2764A. At 160°- 190° tetrahydroquinoline is produced in 70 per cent yield. £Dar- 
zens, Compt. rend., 1909, 149, 1001.3 

*• C/., Sandbom and Marvel, J. Am. Chem. Soc., 1928, 60 , 563. For hydrogenation of 1-alkyl- 
4-piperidyl-p-nitrobenzoate hydrochlorides to the corresponding aminobenzoate hydrochlorides 
see Bolyard and McElvain. J. Am. Chem. Soc., 1929, 61 , 922. In the same article is described 
the preparation of l-alkyl-4-piperidyl benzoate hydrochlorides by reduction of the piperidone 
hydrochlorides. 
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2764B. At 130°-140° decahydroquinoline may be obtained. CSabatier and Murat, 
Compt. rend., 1914, 168, 309. ] 

2766. Hydrogenated by Ipatiev’s method, with 11 nickel oxide 99 catalyst, quinoline 
gives an almost quantitative yield of decahydroquinoline. In this case there is an 
intermediate formation of tetrahydroquinoline. CIpatiev, J. Ruse. Phya. Chem. Soc., 
1908, 40, 491; Chem. Centr ., 1908 (2), 1098 J 

2766. The same end-product, decahydroquinoline, is obtained by hydrogenating 
quinoline in the liquid phase, with either colloidal palladium or colloidal platinum (gum 
arabic protective) catalyst; with the platinum catalyst there is intermediate formation 
of tetrahydroquinoline. CSkita and Meyer, Bex., 1912, 46, 3589 and 3587.] 

2767. Hydrogenation of quinoline in presence of platinum-black yielded two deca- 
hydroquinolines, one liquid and the other solid. The liquid isomer was also obtained 
in 10 per cent yield by hydrogenation in vapor phase with Sabatier’s technique. 
CFujise, Sci. Papers Inal. Phys. Chem . Rea., Tokyo, 1928, 8, 161. Cf. Hiickel and Stepf, 
para. 2774.] 

2767A. From the Irons- decahydroquinoline (m.p. 45°-45.5° C.) by treatment with 
methyl iodide and alkali a /rarw-AT-methyldecahydroquinolone 10 is obtained, and this, 
treated with silver oxide, yields on distillation (76 per cent) a base CuHuN. Hydrogen- 
ation of this with platinum or palladium-black catalyst gives *rana-2-dimethylamino-n- 
propylcyclohexane. 

2767B. Similarly from cw-decahydroquinoline (b.p. 205° C.) is derived cw-2-dimethyl- 
amino-n-propylcyclohexane. CFujise, Ibid., 185.] 10 Cf. Hydrogenation methylindole, 
para. 2806. 

2768. Quinoline: Hydrogenation with Ipatiev’s Technique, with Osmium-ceria Cata- 
lysts.* 1 The presence of 1 per cent of osmium dioxide in the cerium oxide-asbestos cata- 
lyst causes a more intense hydrogenation of quinoline beyond the tetrahydro-stage which 
is reached with cerium dioxide alone, thus causing a diminution in the amount of sub- 
stances of high boiling-point. On the other hand, the use of the combined catalyst (20 
or 1 per cent of cerium dioxide with 1 or 20 per cent of osmium dioxide) induces the pro- 
duction of compounds of low boiling-point by further change from decahydroquinoline. 
From the products of high boiling-point a base, b.p. 275-290°/15 mm., is isolated which, 
on the basis of analyses and ability to give an additive product with methyl iodide, is 
regarded as 7-methyldi-l : 2 : 3 : 4 : 7 : 8-hexahydro-l : l'-quinolyl. The substance, 
1 : 2'-methyl-3'-ethylpiperidino-l :2:3:4:5:6:7: 8-octahydroquinoline (dihydro- 
chloride, m.p. 276°), is derived from the fractions of lower boiling-point. 

From the products of the interrupted hydrogenation of quinoline the foliowring com- 
pounds are isolated: from the fraction of b.p. 150°-175°, the hydrochlorides, CioHmNi, 
HC1, m.p. 226°, and CtH l7 N,HCl, m.p. 156°, probably derived respectively from 2- 
amino-3-rnethyldecahydroquinoline and 2-methy 1-3-ethyl-piperidine; from the fraction 
of b.p. 175°-190°, a hydrochloride, Ci»H»N s ,2HCI, m.p. 172°, probably derived from 
2-amino-3-methyldidecahydro-l : l'-quinolyl, a base, CuHieNj, possibly 1-piperidino- 
decahydroquinoline, and a ferrocyanide, Ci4Hi 7 N,H 4 FeC«Ne, probably a salt of 1- 
methyl-2 : 3-diethyldecahydroquinoline. Treatment of the fractions of b.p. 175°-190° 
and 190°-200° in alcohol with carbon dioxide or distillation in a current of carbon dioxide 
yields the compounds CigHieOjN* and CsjHuOsNj, respectively.* 1 

2769. When quinoline is hydrogenated by Ipatiev’s method in presence of varying 
amounts of osmium and cerium dioxides, the properties of the resulting liquid mixtures 
depend both on the amounts and on the proportions in which the two catalysts are 
present. With cerium oxide, tetrahydroquinoline is formed almost exclusively. With 

*° Brit. Chem . Abat., 1928, 1022A. The intermediate trans- methyl compound sometimes 
is called a quinolone, the corresponding ct«-compound a quinoline. 

11 Sadikov and Mikhailov, Ber. t 1928, 61B, 1801. 

11 Brit. Chem. A6a/., 1928, 1257A. 
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osmium oxide, higher reduction products, up to decahydroquinoline, together with con- 
densation products of hexahydroquinoline and alkylated derivatives due to the partial 
decomposition of the ring compounds, are obtained. If both osmium and cerium oxides 
are present, both condensation of hydrogenated quinoline derivatives and fission of 
the rings with formation of piperidine compounds, and secondary reactions, resulting in 
alkylamine derivatives, occur. Complex secondary reactions are especially prominent if 
the hydrogenation is carried on intermittently. Since the primary products of hydro- 
genation are very reactive, they must be removed as soon as formed.** 

2769A. Interrupted Hydrogenation of Quinoline with Osmium-ceria.* 4 Quino- 
line and the catalyst (asbestos with 20 per cent of osmium dioxide and 1 per cent of 
cerium dioxide) are placed in an Ipatiev autoclave under 100 atmospheres of hydrogen. 
The apparatus is placed in an electric furnace pre-heated to 320°-340°, and the times 
required for the incidence of maximum pressure and subsequently the fall in pressure 
are observed. The first period is very variable and is followed by an induction period 
succeeded by one of oscillatory absorption, after which the catalyst becomes exhausted. 
If, however, the apparatus is cooled to the atmospheric pressure, hydrogenation of the 
quinoline again proceeds. It appears therefore that the permanent maintenance of high 
optimal temperatures is not necessary for the hydrogenation of the majority of cyclic 
compounds and that the high temperature only excites a process which subsequently 
occurs independently of temperature. Prolonged exposure to a high temperature tends 
to impair the activity of the catalyst. 14 

2770. Isoquinoline is reduced only to l:2:3:4-tetrahydroisoquinoline when hydro- 
genated in the presence of colloidal platinum under conditions which lead to the deca- 
hydrogenation of quinoline. If, however, the concentration of the catalyst is increased, 
a further absorption of hydrogen occurs steadily, although not very rapidly, and deca- 
hydroisoquinoline, b.p. 207° is quantitatively produced. CSkita, Ber., 1924, 67B f 1977. 
J. Chcm. Soc. Abst., 1924, i, 140.] 

2771. Hydrogenated quinoline compound is used as auxiliary in vulcanization.* 4 

2772. Non-catalytic Hydrogenation of Quinolines — by heating the hydriodide with 
hydriodic acid and red phosphorus. Many derivatives are described. [[Yamaguchi, 
J. Pharm. Soc., Japan, 1926, No. 633, 556; 636, 749; Chem. Abst., 1927, 21, 2696. 

2773. Hydrogenation of quinoline hydrogen oxalate with colloidal platinum gives, 
chiefly, frans-decahydroquinoline with 10 per cent of a (liquid) cw-isomer. In the pres- 
ence of hydrochloric acid the cw-isomer is formed to the extent of 65 per cent. In neu- 
tral solution the tetrahydroquinoline is obtained. 17 

2774. cis-Decahydroquinoline.* 8 Attempts to prepare 2 ketodecahydroquinoline 
by the catalytic hydrogenation of o-nitrocinnamic acid or its cyclohexyl ester, m.p. 55°- 
56°, gave principally 2-keto-l:2:3:4-tetrahydroquinoline. Although quinoline had 
been reduced to the decahydro-derivative in many ways, the formation of more than one 
isomeride had not hitherto been observed. Hydrogenation of quinoline hydrogen oxa- 
late in presence of colloidal platinum affords, however, in addition to frans-decahydro- 
quinoline, m.p. 48°, b.p. 203°/735 mm., a liquid, cw-isoraeride (10 per cent), b.p. 205°/ 
735 mm. In presence of excess of hydrochloric acid the product contains 65 per cent 
of this new isomeride, while in neutral solution only 1, 2, 3, 4-tetrahydroquinoline is 
formed.* 9 

** Sadikov and Mikhailov, /. Russ. Phys. Chem. Soc. t 1928, 60, 1557; Brit. Chem. Abet., 
1929, 327A. 

u Idem, ibid., 1797; Bril. Chem. Abet., 1928A. 

n Sadikov and Mikhailov, Ber., 1928, 61B, 1797; Brit. Chem. Abet., 1928, 1257A. 

*• U. 8. Pat. 1,547,555, July 28, 1925, to Bdgemann, Imhoff and Schepss (assignors to 
Farbenfabr. vorm. F. Bayer u. Co.). 

* 7 Lehmstcdt, Ber., 1927, 60B. 1370; Chem. Abet., 1927, *1, 2903. 

** HQckel and Stepf, Ann., 1927. 463, 163. 

*• Brit. Chem. Abet., 1927, 572A. 
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2775. 8-Hydroxyquinoline to decahydro-quinoline (10 per cent), and 2 isomeric 
8-hydroxy-decahydroquinolines in 50-60 per cent and 30-40 per cent yield, respectively. 
Acetic acid solution : 40°-45° C. : platinum-black catalyst. CFujise, Set. Papers Inst. 
Phys . Chem. Res., Tokyo, 1928, 8, 161.] 

2776. 2-Propylquinoline in decahydronaphthalene, with a nickel catalyst hydroge- 
nates at 170° to a mixture 2-propyl-l : 2 : 3 : 4-tetrahydroquinoline (65 per cent) and 
2-propyl-5 : 6 : 7 : 8-tetrahydroquinoline (35 per cent). 

2776A. 4-Phenyl-2-methylquinoline gives 4-phenyl-2-methyl-5 : 6 : 7 : 8-tetrahydro- 
quinoline (84 per cent) and 4-phenyl-2-methyl-l : 2 : 3 : 4-tetrahydroquinoline. 

2776B. 2:3: 4-Trimethylquinoline at 155°-160° yields 2:3: 4-trimethyl- 
5:6:7: 8-tetrahydroquinoline with 2 per cent of 2 : 3 : 4-trimethyl-l : 2 : 3 : 4-tetra- 
hydroquinoline. 

2776C. 2 : 6-Dimethylquinoline at 105° yields 2 : 6-dimethyl-l : 2 : 3 : 4-tetrahy- 
droquinoline (98.5 per cent) and 2 : 6-dimethyl-5 : 6 : 7 : 8-tetrahydroquinoline (1.5 
per cent). 

2776D. 2:4:5: 8-tetramethylquinoline at 160°-170° gives 2:4:5: 8-tetra- 
methyl-1 : 2 : 3 : 4-tetrahydroquinoline (96 per cent) and 2:4:5: 8-tetramethyl- 
5:6:7: 8-tetrahydroquinoline. 

2776E. 2 : 4-dimethyl-7 : 8 : 9 : 10-tetrahydro-a-naphthaquinoline hydrogenates 
with great difficulty to 2 : 4-dimethyl-l :2:3:4:7:8:9: 10-octahydro-a-naphtha- 
quinoline. 

2776F. 2 : 4-methyl-a-naphthaquinoline yields a mixture of 2 : 4-dimethyl : 
7:8:9: 10-tetrahydro-a-naphthaquinoline and the octahydrobase. Cvon Braun, 
Gmelin and Petzold, Ber., 1924, 57B, 382.] 

2777. Preparation of a Bz-tetrahydrohydroxyquinoline.* 0 6-Hydroxy-2 : 4-dime- 
thylquinoline is treated with molecular hydrogen in the presence of a catalyst containing 
nickel. For example, hydrogen under pressure is allowed to act on 6-hydroxy-2 : 4- 
dimethylquinoline dissolved in decahydro-naphthalene at 180°-190° in the presence of 
nickel. The mixture is diluted with alcohol, filtered, and the solvents distilled off, leav- 
ing a crystalline substance insoluble in alkali. 5:6:7: 8-Tetrahydro-6-hydroxy-2 : 4- 
dimethylquinoline, CuHuON, has m.p. 162°, b.p. 181°-183°/15 mm. The O-benzoyl 
compound, m.p. 199°-200°, made by warming the base in chloroform solution with 
benzoyl chloride, is an effective anaesthetic.* 1 

2778. 8-Methoxy-2-etyrylquinoline to 8-methoxy-2-8-phenylethylquinoline. Palla- 
dium charcoal catalyst. 

2778A. 8-Methoxy-2-rop-methylenedioxystyrylquinoline to 8-methoxy-2 -S-mp- 

methylenedioxyphenylethylquinoline. Palladium charcoal catalyst. CTroger, et al. t 
J. prakt. Chem., 1926, 114, ii, 199.] 

2779. Quinoline red (Besthom) to CitHuONt. Very slowly with palladium-black: 
rapidly with Adams’ platinum-black catalyst in absolute alcohol. The red coloring 
matter appears to be: 



*° Ger. Pat. 423.026, Au«. 10. 1923. to J. D. Riedel A.-G. 
11 Brit. Chem. Abst .. 1926, 513B. 
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and ita colorless hydrogenation product: 


H, 

/\/\ 


H, 


H 

\/\/ 

N. 


\x> / 

H 


•N 


H, 


CWieland, Hettche and Hoshino, Ber. t 1928, 61B, 2376.] 
2780. Quinaldine 

/CH— CH 

c.h/ I 

X N C— CH, 


to decahydroquinaldine. Gas phase : 180° : active nickel catalyst. ^Sabatier and 
Murat, Com-pl. rend., 1914, 158, 309. ] 

2780A. •y-Dichloro-ar-(2-quinolyl)propcne in glacial acetic acid solution with a pal- 
ladized charcoal gives 7-dichloro-a-(2-quinolyl)propane. CKondo and Matsuno, J. 
Pharm. Soc., Japan, 1929, 49, 445; Chem. Abet., 1929, 23, 4218.] 

2781. Quinaldinic acid to tetrahydroquinaldinic acid. Suspension in glacial acetic 
acid 120 cc. : Adams’ platinum-black catalyst, 0.3 g. to 10 g. quinaldinic acid : 50°- 
60° C. CWieland, Hettche and Hoshino, Ber., 1928, 61B, 2377.] 

2781A. The methyl ester, treate<l similarly, gives the corresponding tetrahydro ester. 
If, however, palladium-black catalyst be employed a bi-molecular compound results: 
7 -ditetrahydroquinolyl-a-dicarboxylic acid dimethyl ester: 


y C.H 
HN 
\ / 
CH— CH, 


4 \ 

CH— CH 


/ C.H, ^ 

NH 

\ / 

CH, — CH, 


CO,CH, 


CO,CH , 


[Wieland, Hettche and Hoshino, Ber., 1928, 61B, 2378.] 

2782. Acridine to a0-dimethyl-quinoline. Gas phase : 250°-270° : nickel catalyst. 


hc^ CH \/ 


N n/Xh 


HC. 


II II 

^ch /C \:h /Cn 'CH^ 


ch 


.CH X /N. 

HC^ X3' XI CH, 

H ^chAc^ ch * 


[Tadoa and Fabris, Gazz. chim. ital., 38 (I), 233-236, Lincei , 1907 10 (1), 921; Chem. 
Centr ., 1907 (2), 612.] 

2783. Ethyl-3 : 6-endomethylene-l : 2 : 3 : 6- tetrahydro- 1 : 2-pyridazine-l : 2 di- 
carboxylate in alcoholic solution, with palladium catalyst, is hydrogenated to ethyl-3 : 6- 
endomethylene-1 : 2-piperidazine-l : 2 dicarboxylate. CDielfl , Blom and Koll, Ann., 
1925, 443, 242.] 
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2784. 3-Carboxymethyl-6-benzal-2, 5-diketo-piperazine (methyl ester) and its isomer 
3-carboxymethylene-6-benzyl-2, 5-diketo-piperazine (methyl ester) on catalytic hydro- 
genation yield the same 3-carbomethoxymethyl-&-benzyl-2, 5-diketo-piperazine. QBerg- 
mann and Enslin, Z. -physiol. Chem. t 1928, 174, 76; Chem. Abst. t 1928, 22, 1757.] 

2785. Atophan (2-phenylcinchoninic acid) to tetrahydro-atophan. Glacial acetic 
acid solution : 50° : $ to 1 atmosphere excess pressure : colloidal platinum cata- 
lyst. (With J atmosphere no decahydro-atophan is formed.) Ultimate product of 
hydrogenation is perhydroatophan. 

2785A. 2-Phenyl-quinoiine to 2-phenyl-l : 2 : 3 : 4-tetra-hydroquinoline. 2 atmos- 
pheres. CSkita, et al. 9 Ber. f 1926, 59, 2683.] 

2786. Humulon (CuH*>06, from hop resin) on catalytic hydrogenation yields 0- 
methylbutane and a compound, CieHiiO*, which is probably a substituted quinol. £Wie- 
land, with Schneider and Martz, Ber. t 1925, 58B, 102.] 

2787. Anhydrolupinine (or its salts) to “lupinane” (probably CfHuNCHs). 
Acetic acid solution, platinum-black catalyst.” 

2788. Hydrogenation of Glyoxaline Ring.” Hydrogenation of lophine (2:4: 5-tri- 
phenylglyoxaline) 1.028 g., in acetic acid 30 cc., with 0.758 platinum-black catalyst gives 
2:4: 5-tricyclohexyl-4 : 5-dihydroglyoxaline. Accelerated by a few milligrams of 
hydrolophine. Fourteen hours shaking : catalyst reactivated three times by shaking 
with air. 

2788A. Amarine (2:4: 5-triphenyl-4 : 5-dihydroglyoxaline) on hydrogenation gives 
a mixture of the above 2:4: 5-tricyclohexyl-4 : 5-dihydroglyoxaline and 2:4: 5-tri- 
cyclohexyltetrahydroglyoxaline. 

2788B. Hydrogenation failed in the cases of : glyoxaline, 2:4: 5-trimethylglyoxaline, 
2-methyl-4 : 5-dihydroglyoxline, histidine, and benziminazole. 

2789. 3-Benzal-pyrimidazolon-2 to 3-ben zyl-pyrimidazolon. Hydrochloride in sus- 
pension in absolute ethanol : platinum-sponge catalyst. CReindel and v. Putzer-Rey- 
begg, Ber. t 1926, 59B, 2929.] 

2790. Antipyrine to dihydroantipyrine. Aqueous solution : 5 per cent platinum- 
black : hydrogen pressure 1.08 atmospheres. Hydrogenation slow. 

2790A. Nitroantipyrine to acetylamino-antipyrine. Glacial acetic acid solution : 7 
per cent platinum-black : hydrogen pressure 1-2 atmospheres. CWaaer, Helv . Chim. 
Acla , 1925, 8, 117.] 

n Ger. Pat. 396,508, 1922; 1924, 891B. 

CH— NH X 

M Waaer and Gratsos, Helv. Chim. Ada, 1928, 11, 944. Glyoxaline is: || ^CH 

it is the parent substance of iminasoles. CH — N ' 
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/CH. 

2800. Indole. Indole, CeH 4 \ /CH, over nickel at 200°, takes up 3H* and splits 

n NH' 


into orthotoluidine and methane. CCarraaco and Padoa, Lined, 1906, 14 (2), 699; 
Chem. Centr., 1906 (2), 683.] 

2801. In glacial acetic acid solution, with a platinum-black catalyst, indole is hydro- 
genated to octahydro-indole (b.p. 182°) and a little dihydro-indole. CWillstatter and 
Jacquet, Ber., 1918, 51, 767.] 

2802. Indole to perhydroindole (octahydroindole). Platinum catalyst at room tem- 
perature. 

2808. Indole to o-ethyl-hexahydroaniline. 225° : nickel catalyst. The product is 
not perhydroindole as before believed (c/. von Braun, Bayer and Blessing, Ann., 1924 (i), 
545; Willstatter, Seitz and von Braun, Ber., 1925, 58 (B), 385.] 

2804. For catalytic hydrogenation of indole bases, with and without opening of the 
ring, see von Braun and Bayer, Ber., 1925, 58 (B), 387.] 

2805. Indole, hydrogenated under pressure at 225° with a nickel catalyst gives 
8 per cent unchanged indole, 66 per cent basic substances and a residue of degra- 
dation products and ammonia. The basic products are perhydroindole (octahydroin- 
dole) and o-ethylaniline. By partial hydrogenation at 180° 2 : 3-di-hydroindole is 
obtained. 

2805A. 2-Methylindole at 220° gives a mixture of 2-methyloctahydroindole and 
2-methyl-4 : 5 : 6 : 7-tetrahydroindole. 

2805B. 3-Methylindole yields 3-methyl-4 : 5 : 6 : 7-tetrahydroindole and 3-methyl- 
octahydroindole. 

2805C. 1 : 2-Dimethylindole at 200° gives 1 : 2-dimethyl-4 : 5 : 6 : 7-tetrahydroin- 
dole and 1 : 2-dimethyloctahydroindole. 

2805D. 2 : 5-Dimethylindole at 250° gives o-propyl-p-toluidine as the chief product, 
with some 2 : 5-dimethyloctahydroindole. 

2805E. 2:4: 7-Trimethylindole gives 2-propyl-3 : 6-dimethylaniline. [Von Braun, 
Bayer and Blessing, Ber., 1924, 57B, 1924, 57B, 392.] 

2806. 2-.\lethylindole to de-2-methyl-octahydroindole. Glacial acetic acid solu- 
tion : 40°-45° C. : platinum-black catalyst. By exhaustive methylation this product 
yields a base o-dimethylaminopropenylcyclohexane, and this on catalytic hydrogenation 
gives cw-2-dimethylamino-n-propylcyclohexane. [ Cf . Hydrogenation of decahydro- 
quinoline, para. 2767B; Fujise, Sci. Papers Inst. Phys. Chem. Res., Tokyo, 1928. 9, 91.] 

2806A. Hadano and Matsuno (J. Pharm. Soc. t Japan, 1924,48,904; Chem. Abst., 
1929, 23, 1635) obtained, as main product, bz-tetrahydro-2-methylindole, the octahydro 
derivative being a by-product. 

2807. Indigo, suspended in dilute sodium hydrate solution, is reduced to indigo 
white, in the presence of nickel, at 70°. The same is true of thio-indigo. CBrochet, 
Campt. rend., 1915, 160, 306.] 
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2807A. Note the molecular transformation : 



indigo blue. 


Indigo white 

sodium compound. 


2808. I satin to dioxyindole. 4-Nitroisatin to 4-aminodioxindole. 4-Nitroisatin- 
phenylhydroxylamine to 4-aminoisatinanil. 

2 808 A. Isatinphenylhydroxylamine to lactim form of is&tin-a-anil, 



•NHCiH* 


Nickel catalyst. [Tlupe and Apothoker, Helv. Chim. Acta, 1926, 9, 1049; Chem. Abst ., 
1927, 21, 912.] 

2809. Isatin and 5-methylisatin gave diisatide and 5, 5-dimethylisatide, respectively, 
on catalytic reduction. £Wahl and Faivret, Compt. rend., 1925, 181, 790.] 

2810. 1-Phenylindole to 2-phenyldihydroindole. Alcohol solution: palladized 
charcoal catalyst. [v. Braun and Mans, Ber., 1929, 62B, 1059.] 

2810A. Dipheny Undone to a mixture of 2, 3-diphenyl- 1-hydroxydihydroindene and 
2, 3-diphenyl-l-ketodihydroindone. Palladium-barium sulphate catalyst. CSchlenck 
and Bergmann, Ann., 1928, 463, 98-227; Chem. Abst., 1928, 22, 4497.] 

2811. 2-Carbethoxy-3-[0, 0-dicarbethoxyvinyl] indole to 2 carbethoxy-3-[£, /3-dicar- 
bethoxyethyl] indole. Palladium catalyst. CMaurer and Moser, Z. physiol. Chem., 
1926, 161, 131.] 

2812. Hydroxymethylenehydrindone to hydrindolylmethyl alcohol. CRupe and 
Wieland, Helv. Chim. Acta, 1926, 9, 1001; Chem. Abst., 1927, 21, 582.] 

2812A. 2-CinnamyUdene-l-hydrindone to phenylpropylhydrindone. Palladium- 
charcoal catalyst. [>. Braun and Manz, Ann., 1929, 468, 258; Brit. Chem. Abst., 
1929, 561A.] 

2812B. 2-BenzyUdene-5-methyl-l-hydrindone to benzylmethylhydrindone. O. 
Braun, Manz, and Reinsch. Ann., 1929, 468, 277; Brit. Chem. Abst., 1929, 562A.] 

2813. Reduction of Vat Dyes to Leuco-compounds. A suspension of the dye in a 
dry organic solvent is treated with hydrogen in presence of catalysts, such as nickel, 
cobalt, iron, copper, either alone or mixed with their lower oxides. Thus, a suspension 
of indigo in dimethylaniline, containing nickel precipitated on kieselguhr, is treated with 
hydrogen at 90°-100° C. The resulting suspension of leuco-indigo is suitable for con- 
version into esters. 1 

2814. Leuco-compounds of vat dyes are obtained by treating the dyes with hydrogen 
in the presence of a catalyst, such as nickel. The process may be effected by suspending 
the dye in water with the addition of an alkali and the catalyst, and introducing hydro- 
gen, or a gas containing hydrogen, while violently agitating the mixture; inorganic salts, 
such as chlorides or sulphites, may be added, and the reaction mixture may be heated 
or the process conducted under pressure. An example is given of the production of 

1 Brit. Chem. Abst., 1926, 868B.; French Pat. 601,632, Nov. 6, 1924, to Comp. Nat. mat. col. 
et manuf. de prod. chim. du nord rGunies, Etabl. Kuhlmann; Brit. Pat. 271,569, Feb. 26, 1926, 
to Marschalk. 
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indigo-white; algol, ciba, helin drone, hydrone, anthracene dyes are also reported as 
suitable.* 

Alkaloids 

2816. Metanicotine to dihydrometanicotine. 14 g. alkaloid in 100 cc. alcohol and 
14.4 cc. concentrated hydrochloric acid : Adams' platinum-black catalyst : one hour. 
CLa Forge, J. Am. Chem. Soc ., 1928, 60, 2483.3 

2816. Quinine to dihydroquinine, Ci°HteOiN|. Solution in dilute sulphuric acid : 
platinum-black catalyst : the end of the hydrogenation is reached when the solution does 
not decolorize potassium permanganate solution.* 

2817. In the presence of spongy or colloidal platinum formic acid is decomposed, 
yielding nascent hydrogen. If this takes place in solutions containing quinine the alka- 
loid is hydrogenated to hydroquinine. 4 

2818. Cinchonidine to dihydrocinchonidine (m.p. 229°). 7 per cent in hydrochloric 
acid solution : 1 atmosphere plus pressure : colloidal palladium catalyst. £Skita and 
Nord, Ber ., 1912, 46, 3316.] 

2819. Cinchonine to cinchotine. Liquid phase : colloidal palladium catalyst.* 

2819A. With colloidal platinum prepared with gum arabic and under a pressure of 

2-3 atmospheres, cinchonine in acetic acid solution can be hydrogenated to hexahydro- 
cinchonine. CSikta and Brunner, Ber., 1916, 49, 1597 J* 

2820. Quinidine to dihydroquinidine, m.p. 165°. Diluted hydrochloric acid solution : 
colloidal palladium catalyst : 1 atmosphere plus pressure. [Skita and Nord, Ber., 
1912,46,3316.3 

2821. Hydrogenated Cinchona Alkaloids. Cinchona alkaloids such as quinine or 
cinchonidine or their substitution derivatives can be hydrogenated to hexahydro-deriva- 
tives by means of hydrogen in the presence of nickel or other catalyst of this group at 
temperatures above 30° C., and preferably at 60°-80° C. The parent material may be 
the non -hydrogenated or the dihydro-derivative of the alkaloid in the form of base or 
salt and may be used dissolved in water, alcohol, or other solvent. For example, a solu- 
tion of 5 parts of quinine in 100 parts of absolute alcohol is agitated at 20° C. with 3-4 
parts of a nickel catalyst in an atmosphere of hydrogen under a pressure of 20-40 lb. per 
sq. in. The absorption of gas ceases when the quantity of hydrogen corresponding to 
the production of dihydroquinine has been taken up. On raising the temperature above 
40°, absorption (slower) again sets in and at about 80° double the amount of hydrogen 
absorbed at the first stage will have been taken up. The hexahydroquinine is isolated 
by evaporating the filtered solution. 7 

2822. Anhydrolupinine to a mixture of inactive a- and 0-lupinanes. Palladium-cal- 
cium carbonate catalyst. 

2822A. Desoxycinchonine or cinchene, to dihydrodesoxycinchonine. 

2822B. of-des-iV-methylsparteine to a dihydro derivative. CSchopf, Thoma, Schmidt 
and Braun, Ann., 466, 1928, 97-146.3 

2823. Methyl-lupinine to dihydromethyl-lupinine. Dihydrodimethyl-lupinine to 
tetrahydrodimethvl-lupinine. CKarrer, Canal, Zohner, and Widmer, Helv. Chim. Acta , 
1928, 11, 1062; Bril. Chem. Abst., 1929, 200AJ 

2824. Morphine to dihydromorphine. Solution in dilute sulphuric acid : platinum- 
black catalyst. 8 

* Chem. Abst., 1916 10, 696; U. S. Pat. 1,247, 927, Nov. 27, 1927, to Brochet; Brit. Pat. 
19,848, Sept. 16. 1914. 

* Brit. Pat. 3948, 1912, to Verein. Chininfabr. Zimmer <fe Co.; U. S. Pat. 989,664. 

4 Ger. Pat. 267,306, 1914, to Verein. Chininfabr. Zimmer & Co., Chem. Centr., 1914 (1), 88. 

1 Paal, Ger. Pat. 223,413. 

8 See also: Freund and Bredenberg Chem. Zeit., 1915, 39, 109; J.S C.I., 1915, 34, 7, 376. 

7 Brit. Pat. to Howards & Sons, Ltd., and Blagden, 250,380, Mar. 24, 1925. U. S. Pat. 
1,720,462, July 9, 1929. 

•German Pat. 260,233. 
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2826. Diacetyl-morphine (heroine) in hydrochloric acid solution with colloidal plati- 
num catalyst, gives dihydro compound. CSkita and Meyer. Bcr ., 1912, 46, 3579.] 

With colloidal platinum catalyst also diacetyl-morphine takes up Hi. £Skit& and 
Brunner, Ber ., 1916, 49, 1597.] 

2826. Hydrogenation of organic substances (specifically alkaloids) in solution in pres- 
ence of a nickel catalyst is claimed as the novel feature of U. S. Pat. 1,239,867, Sept. 11, 
1917, to Blagden (assignor to Boeh ringer und Sohne). 

2827. Preparation of Hydrogenated Alkaloids.* Alkaloids or their salts can be 
smoothly hydrogenated in aqueous solution or suspension by means of molecular hydro- 
gen in the presence of nickel suboxide; the temperature may be normal or somewhat 
above (up to 60 ° C.), and the pressure normal or slightly raised. Thus, hydroquinine 
and dihydromorphine are prepared from quinine hydrochloride and morphine, respec- 
tively, while cinnamylcocaine gives hydrocinnamylcocaine, an oily liquid which is 
decomposed by heat. C«/. Chem. Soc. t 1918, 113 and 114, 546.] 

2828. In the production of dihydromorphine, hydrogen is allowed to act upon acid, 
neutral, aqueous, or water-alcohol opium extracts, in the presence of a catalyzer; the 
acidified solution is evaporated, and the residue is treated with absolute alcohol, the 
dihydromorphine salt remaining undissolved. 10 [Chem. Abst., 1915, 9, 955.] 

2829. Organic compounds of the opium group are hydrogenated with formic acid 
and a finely divided metal of the platinum group or a colloidal solution of such metal. 
Thus, hydromorphine and hydrocodeine are prepared with the aid of palladium-black 
os the catalyst. 11 

2830. Benzyl ethers of phenols are converted into phenols by treatment with hydro- 
gen in the presence of noble metals as catalysts. For example, an aqueous suspension 
of benzylmorphine hydrochloride is shaken with hydrogen in the presence of palladium- 
ised charcoal, 2 molecules of hydrogen being absorbed. The solution is filtered, made 
alkaline, extracted with ether to separate toluene, and treated with ammonium carbo- 
nate to precipitate dihydromorphine. The process is of value in the synthesis of phenols 
where temporary protection of the hydroxyl group by benzylation is necessary. 11 

2831. Morphine Group. For a large number catalytic hydrogenations in this group 
see: Cahn, J. Chem. Soc. t 1926, 2562-2573, and references there given. Also Braun and 
Cahn, Annalen , 1926, 461, 55; Bril. Chem. Absl. t 1927, 266A. 

2832. Codeine to dihydrocodeine. Liquid phase : in dilute sulphuric acid : plati- 
num-black catalyst : pressure more than 1 atmosphere. 11 

2833. Bromocodeine 10 per cent acetic acid solution with palladium-charcoal cata- 
lyst quickly forms bromo-di hydrocodeine; the hydrogenation continues, yielding, after 
several hours, dihydrocodeine. Chlorocodeine gives only monochlorodi hydrocodeine. 
CSpeyer and Rosenfeld, Ber. t 1925, 68B, 1110.] 

2834. Bromocodeinone to dihydrocodeinone. Acetic acid solution : palladium on 
charcoal catalyst. 

2836. Dihydrodeoxycodeine to 0-tetrahydrodeoxy codeine. Colloidal palladium 
catalyst. CSpeyer and Sarre, Ber. y 1924, 67(B), 1404.] 

2836. Hydroxycodeinone-hydrazone to hydroxydihydrocodeinone-ketimine and 
ammonia. Acetic acid solution : palladium catalyst. In aqueous acetone solution only 
lHj is taken up with the formation of hydroxydihydrocodeinone-dimethylketazine. 
libido 1422.] 

2837. Bromohydroxycodeinone to hydroxydihydrocodeine. Palladium catalyst. 

2838. Dibromohydroxycodeinone to hydroxydihydrocodeinone. Palladium catalyst. 

2839. In bromohydroxydihydrocodeinone on treatment with double normal sodium 
hydroxide yields what is regarded as bromo-7, 8, 14-trihydroxydihydrocodeinone, and 

• C. F. Boehringer & Sohne. Ger. Pat. 306.939; Chem. Zentr., 1918 , ii, 421. 

10 Ger. Pat. 278,107, May 27, 1913. F. Hoffmann La Roche & Co. 

11 Chem. Abst., 1915, 9 , 126; Brit. Pat. 14,247, June 19, 1913, to Verein. Chininfab. Zimmer. 

11 Ger. Pat. 407,487, Nov. 27, 1923, to Merck (assignees of Wolfes and Krauss). 

11 Ger. Pat. 260,233. 
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this, on hydrogenation (dehalogenation) with a palladium catalyst, gives 7, 8, 14-tri- 
hydroxydihydrocodeinone. Ubid., 1409-1422; J. Chem. Soc., 1924 (i), 1229.] 

2840. Hydroxycodeinone hydrazone (CuHnOiNt) to a base CuIInOjNi (very 
unstable) and ammonia. Acetic acid solution : palladium catalyst. In acetone solu- 
tion, not only is the 8, 14-double bond saturated but the acetone reacts with the 
production of a ketazine. 

2841. The hydrazone with palladium-charcoal gives dihydrohydroxycodeinone 
ketimine. With acetone solvent and colloidal palladium catalyst is formed dihydroxy- 
codeinone-dimethyl ketazine. ^Speyer and SarTe, Bar ., 1924, 67B, 1422.] 

2842. Neopine to Dihydrocodeine. A solution of neopine (2.5 g.) in water (25 cc.) 
and acetic acid (1 cc.) containing colloidal palladium (5 cc. of 0.5 per cent palladous 
chloride) was stirred in hydrogen, when the palladium was at once flocculated. More 
palladous chloride solution (10 cc.) was added, but flocculation again occurred. In 
about fifteen hours, 180 cc. of hydrogen were absorbed (equivalent to 176 cc. at X. T. P.) 
[Van Duin, Robinson and Smith, J. Chem. Soc. t 1926, 907.] 

2843. Ozodihydrocodeine (obtained by ozonization of dihydrocodeine dissolved in 
formic acid), when hydrogenated in neutral solution with a palladium catalyst, takes up 
hydrogen at the lactone ring (which, of course, splits), forming deoxydihydro-morphinic 
acid. 

2844. Ethyl dihydromorphine is hydrogenated to ethyl • deoxydihydro-morphinate. 
CSpeyer and Popp, Ber., 1926, 59B, 390.] 

2846. Anhydrolaudalinenitroacetylaminomethoxytoluene to anhydrolaudaline-2- 
amino-4-acetylamino-3-methoxytoluene. Nitro-base 2 g., acetic acid 50 cc., palladous 
chloride (2 per cent solution in acetic acid) 10 cc. : agitated with hydrogen three hours. 
^Robinson and Shinoda, J. Chem. Soc ., 1926, 129, 1993.] 

2846. Methylenepapaverine to dihydromethylene-papaverine. Dissolved in 10 per 
cent acetic acid : Palladium charcoal catalyst. CSpiith and Polgar, Ber., 1926, 69, 2790.] 

2847. Thebaine hydrochloride hydrogenated in the presence of (initial) palladous 
chloride and gum arabic gives a 50-00 per cent yield of dihydrothebaine. 

2848. De-A r -methyldihydrothebaine hydrogenated in presence of acid palladous 
chloride yields dihydrode-Y-methvldihydrothebaine. Reduced in acetic acid by Skita’s 
method the de-Y-methyldihydrothebaine gives the ketone d ihyd rode- A'-rae thy ldihy- 
drothebainone. 

2849. CuHjoOj, produced by treatment of the methiodide of dihydrode-Y-methyldi- 
hydrothebaine with silver oxide and distillation, yields on hydrogenation in alcohol solu- 
tion in presence of palladium-black, a phenol CnHaOi. [Wieland and Kotake, Ann., 
1925, 444, 69.] 

2860. Hydrogenation of thebaine, in presence of platinum-black catalyst, and in a 
solvent perfectly acid-free, gave an oily phenolic product, yielding 80 per cent of dihydro- 
thebainone on warming with 2N-HC1. 

28 50 A. The nitrogen-free ether obtained by the Hofmann degradation of dihydrode- 
Y-methy 1-dihydrothebaine gave, on hydrogenation in alcoholic solution with palladium- 
black catalyst, the ketophenol. On repeating the operation in alcohol freed from every 
trace of acid, by the addition of very little sodium bicarbonate, the intermediate the- 
baine derivative was obtained. £Wieland and Munio Kotake, Ber., 1925, 68B, 2009.] 

2861. Thebaine: Catalytic Hydrogenation of Enol Ethers. Thebaine and its nitro- 
gen free degradation product take up only 2 molecules of hydrogen. The resulting 
dihydro-derivatives, like thebaine itself, are converted in the same way as an enol ether, 
into a ketone by loss of CHsOH. A study of the catalytic hydrogenation of enol ethers, 
open and cyclic, showed that they are readily hydrogenated in conditions under which 
thebaine and its derivatives arc unaffected. 

2861A. 1-M ethoxy- 1 -cyclohexene in ethyl ether solution with palladium-black (0.3 g. 
catalyst to 2.3 g. of the enol ether) is hydrogenated to hexahydroanisole. CWieland and 
Garbech, Ber., 1926, 69B, 2490. Cf. Schopf, Ann., 1927, 462, 211; Chem. Abst. 1927, 21, 
2697.] 
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2852. Methylthebainonemethine to a dihydro compound. Colloidal palladium cata- 
lyst. This product, treated with sodium amalgam and alcohol, is reduced to dihydro- 
thebainolmethine. This last compound is also obtained by catalytic reduction of methyl- 
thebainol methine. 

2863. Thebainonemethine treated with sodium amalgam gives thebainolmethine, 
which, in 10 per cent acetic acid, is hydrogenated catalytically to dihydrothebainol 
methine. [Schopf and Borkowsky, .Ann., 1927, 458, 148.] 

2854. ar-Thebaizone (ozonolysis product of thebaine) to (a phenolic) dihydrothebai- 
zone. Methanol solution : platinum oxide solution. 

2856. Deoxythebaizone (from a-thebaizone by reduction with aluminum amalgam 
in moist ether) after hydrolysis with A'-hydrochloric acid, is catalytically hydrogenated 
to dihydrodeoxythebaizonic acid. 

2866. Isodihydrothebaizonic acid (ozonolysis product of dihydrothebaine in acid 
solution) to the tetrahydro acid with isodihydrothebazione. [Wieland and Small, Ann., 
1928, 467, 17; Brit. Chcm. Abst., 1929, 81A.] 

2857. Norcyanthebenine (produced from thebaine by action of bromocyanogen) on 
hydrogenation absorbs 4 molecules of hydrogen to form an oily base which, with methyl 
iodide, gives CsoHttOtXI. [Speyer and Rosenfeld, Ber., 1925, 58, 1125.] 

2858. Vinylphenanthrene (exhaustive methylation product of laurotetanine) to tetra- 
methoxy-8-ethylphenanthrene (identical with product synthesized from 3 : 4-<limeth- 
oxyethyl benzene). Palladium colloidal catalyst (from the chloride in gum arabic pro- 
tective.) [Barger and Silberechmidt, /. Chem. Soc., 1928, 2919; Brit. Chem. Abst., 1929, 
80A.] 

2859. Strychnine. Dissolved in 50 per cent acetic acid and hydrogenated in pres- 
ence of a palladium-norite catalyst, strychnine, after three to four hours, gives a 93 per 
cent yield of dihydrostrychnine. No further hydrogenation takes place on raising the 
temperature to 100° C. 

2860. Isostrychnine also gives a dihydro derivative, dihydroisostrychnine, on cata- 
lytic reduction. 

2861. Strychnidine gives dihydrostrichnidine. [Oxford, Perkin and Robinson, 
J. Chem. Soc ., 1927, 2389.] 

2861A. Vomicine, CssHs«0«Ns (a new alkaloid of atrychnoa) in dilute acetic acid 
solution with platinum oxide catalyst and hydrogen yields dihydro vomicine. The 
bromo compound gives bromodihydrovomicine. [Wieland and Oertel, Ann., 1929, 469, 
193; Brit. Chem. Abat., 1929, 708A.] 

2862. Brucine to dihydrobrucine. Liquid phase, solution in nitric acid : 2 atmos- 
pheres : colloidal palladium catalyst. 14 

2863. Dehydrosparteine, CuHj«Nj (oxidation product of sparteine), to ^-sparteine. 
Platinum-black catalyst. [Wolffenstein and Reitmann, Biochem. Z. 1927, 186, 269; 
Brit. Chem. Abat., 1927, 887A.] 

2864. Methylsparteine. A mixture of a- and 0-methylsparteine could not be cata- 
lytically hydrogenated. But the mono-hydroiodide of or-methylsparteine, in glacial 
acetic acid solution with a platinum oxide catalyst, was hydrogenated to dihydro-a- 
methylsparteine. [Winterfield, Arch. Pharm., 1928, 266, 299.] 

2866. Oxyeserolene to hydro-oxyeserolene. Colloidal palladium catalyst. [Polo- 
novski and Polonovski: Constitution of Eserine, etc. Bull. Soc. Chim., 1925 (iv), 37, 
714.] 

2866. Colchicine to tetrahydrocolchicine. Liquid phase: colloidal palladium cata- 
lyst : 2 atmospheres pressure. 14 

14 Skita and Paal, Ger. Pat. 230.724, Chem. Zcntr., 1911 (1). 522. 

11 Hoffmann, La Roche & Co., Gcr. Pat. 279,999, Chem. Zentr ., 1914 (2), 1214. 
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2900. Removal and Determination of Halogens in Organic Compounds by Catalytic 
Reduction. Organic halogen compounds shaken with water (or alcohol) in the pres- 
ence of palladium-calcium carbonate catalyst and of alcoholic potash in a current of 
pure hydrogen are quantitatively dehalogen ized, with absorption of hydrogen. The 
halogen taken up by the alkali can be estimated in the usual way. CBusch and Stove, 
Her., 1916, 49, 1063; Chem. Abst., 1916, 10, 2727.] 

2900A. The catalyst is made by shaking an aqueous suspension of freshly precipitated 
calcium carbonate with palladium chloride. It is easily poisoned. Benzene, chloro- 
form, acetone and especially carbon disulphide cannot be used as solvents: compounds 
containing phosphorus, sulphur or arsenic cannot be dealt with. 

2900B. Benzylidene chloride and benzotrichloride are completely dechlorinated by 
this method, but dichloromethylmethylhexadienones are resistant. [/Wd., J- Chem . 
Hoc., Abst., 1916, ii, 634.] 

2901. Kelber 1 notes that palladium has been used for the displacement of halogens 
from organic compounds, and it has been found that the reaction in presence of palla- 
dinized calcium carbonate proceeds so completely that the hydrogenation process may 
be used as a quantitative method for the determination of halogens. 

2901A. Equally satisfactory results may be obtained with nickel catalysts and in 
this case it is not necessary to recover the catalyst. A special shaking tube has been 
designed for the use of this method for analytical purposes. This vessel is easily filled 
with the catalyst and the halogen derivative can be added subsequently; any contact 
of the liquid and catalyst with rubber connections is avoided and the product of the 
reaction can be quantitatively removed. The catalyst is prepared by heating basic 
nickel carbonate in a current of hydrogen at 310° to 320° C., cooling, and passing a 
current of carbon dioxide over the material. The catalyst may be kept for a long time 
in closed vessels. For each determination, 3 g. of the catalyst is placed in the reaction 
tube, shaken with water or dilute alcohol, and 0.5 to 1.0 g. of alkali hydroxide in pres- 
ence of hydrogen until no more of the gas is absorbed, and the substance to be analyzed 
is then sucked in and the funnel rinsed. Shaking is continued for some time after the 
reaction with the hydrogen is complete, the nickel is filtered off and washed, and the 
halogen in the liquid determined either gravimetrically or by titration. In the case of 
amino compounds or compounds which form precipitates with silver, the organic 
by-products should be shaken out with ether before making the halogen determination. 

2901B. ter Meulen. Improvements in the hydrogenation method for organic 
chemical analysis. iChem. Weekblad ., 1926, 23, 348.] 

2901C. Yakugakuzasshi. Catalytic reductions in quantitative analysis: bibliogra- 
phy. £/. Pharm. Soc. t Japan, 1928, No. 606, 282.] Explanatory bibliography of some 
200 references to the use of catalytic reductions with palladium and platinum. 

2902. Dehalogcnation of Organic Compounds. Rosenmund and Zetzsche 2 find that 
both colloidal palladium protected by gum arabic, and palladinized barium sulphate are 

1 Her., 1917, 305 ; J.S.C.I. . 1917, 568 and 1916, 382 and 1130 . 

2 Bcr. % 1918 , 61, 578 . 
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efficient catalysts for dehalogenation and that it is usually advisable to have an alkali 
present to neutralize the halogen hydracid as it is formed. Many substances react 
even if merely suspended in aqueous alkalis. In the case of halogen derivatives of 
ethylenic compounds, the halogen may sometimes be removed without saturating the 
double linking or the halogen derivative of the saturated compound may be formed. 
Frequently the reaction proceeds smoothly to hydrogenation and removal of halogen. 
In the case of dihalogen compounds, it is apparently impossible to obtain mono-deriva- 
tives. 

2902A. The following reductions have been carried out : bromobenzene to benzene; 
o-bromobenzoic acid to benzoic acid; 1 : 4-bromonitrobenzene to aniline; chlorocaffeine 
to caffeine; chlorocrotonic acid to crotonic acid; o-chlorocinnamic acid to 0-phenylpro- 
pionic acid; dibromosuccinic acid to succinic acid. 1 

2903. Reduction of Acid Chlorides by Hydrogenation under Reduced Pressure. 
Grignard and Mingasson 4 have successfully used hydrogenation under reduced pressure 
for the reduction of acid chlorides, an operation that at atmospheric and higher pressures 
is delicate and beset with difficulties. At 300° C. f under 50-300 mm. pressure with a 
nickel catalyst, benzoyl chloride gives 60 per cent benzaldehyde, with benzoic acid. At 
250° C. little benzaldehyde, much toluene and benzoic acid are produced. 

2904. For reduction of organic halogen compounds, see a series of articles by Brand 
(with others) in J. prakl. Chem., 1926 and 1927, e.g., reduction of 00y7-tetrachloro-aa35 
tetra-p-tolylbutane. J. prakl . Chem., 1927, 115 (ii), 335; catalytic reduction of exac t - 
trichloro-00-diarylethanes. Ibid., 351. 

2905. Purification of Xylene for Use as Solvent for Catalytic Reduction. 1 In the 
catalytic reduction of acid chlorides in toluene or xylene solution, the preliminary 
method of treatment of the solvent has a large effect on the yield of aldehyde obtained. 
By preliminary treatment of xylene with phosphoryl chloride or phosphorus penta- 
chloride, under certain prescribed conditions, the yield of aldehyde (from benzoyl 
chloride) was considerably reduced, and in one case (boiling the xylene with phos- 
phoryl chloride for one and one-half hours, followed by distillation) almost to zero, 
with an accompanying increase in the yields of ester and non-volatile hydrocarbon 
products. The effects of other purifying reagents was investigated, and treatment with 
either aluminum chloride or concentrated sulphuric acid was found to produce a solvent 
in which very little or no formation of aldehyde occurred, the products being mainly 
hydrocarbons.® 

2906. Various Solvents for the Catalytic Synthesis of Aldehydes from Acid Chlo- 
rides. 7 The utility of a large number of substances as solvents in the catalytic reduc- 
tion of benzoyl chloride, first in the commercial state at their boiling-point, then after 
purification, and finally with the addition of a regulator (quinoline-s) has been investi- 
gated. Decalin and tetralin, which, having themselves been prepared by catalytic 
reduction, are free from catalyst poisons, give good yields of benzaldehyde in their crude 
state, and after purification and with the addition of a small quantity of a regulator give, 
respectively, 86 per cent and 82 per cent yields after two hours at 180°. The maximal 
yield obtained with anisole as a solvent is 84 per cent, while with redistilled turpentine 
in the presence of a regulator, a 92 per cent yield of l>enzaldehyde is obtained in one and 
three-quarter hours. 

2907. Solvents which are themselves reduced and can interact with the benzoyl 
chloride have also been investigated. Thus with amyl and hexalin acetates the corre- 
sponding benzoates arc obtained; with phenetole, phenyl benzoate; and with acetic 
anhydride, benzoic anhydride, this reaction providing a ready method for the prep- 

• J. Chem. Soc., 1918, 113 and 114, Abs. I, 339. Sec also: Borecho and Heimburger, Ber., 
1915, 48, 452; Chem. Abat ., 1915, 9, 1773. 

4 Compt . rend, 1927. 185, 1173; Chem. Abat., 1928, 22, 1766. 

• Zetzsohe and Arndt, Helv. Chim. Acta, 1926, 9, 173-177. Ibid., 1925, 8, 591. 

• Brit. Chem. Abat., 1926, 405A. 

7 Zetzsche, Enderlin, Fllitsch and Mcnzi, Helv. Chim. Acta , 1926, 9, 177-181. 



DEHALOGEN ATION 


303 


aration of acid anhydrides from acid chlorides. In s-tetrachloroethane solution, the 
products are benzaldehyde (17 per cent) and benzyl benzoate (70 per cent), while 
with nitrobenzene as solvent are obtained the aldehyde and ester, benzanilide and ben- 
zoyldiphenylaminc, the relative proportions varying with the proportions of benzoyl 
chloride and nitrobenzene in the original mixture. 1 

2908. Aldehydes from Acid Chlorides. 9 One of the best methods for the prepara- 
tion of aldehydes consists in the hydrogenation of the acid chlorides in boiling xylene 
or cumene with palladinized barium sulphate (5 per cent of metal) or nickel as the 
catalyst. 10 p-Methylcarbonatobenzaldehyde, CH*OCO'OCeH 4 CHO, thus may be 
prepared in 95 per cent yield. 11 

2909. Stearyl chloride to stearic aldehyde. In a hydrocarbon (cumene) solution : 
palladium-black catalyst, precipitated on barium sulphate. Ptosenmund, Ber ., 191, 
585.] The barium sulphate should be freshly precipitated. A dimeride (CmHj«(>s) is 
also formed, which does not give aldehyde reactions, but yields stearaldehyde on distil- 
lation at 140°-200° C. under 1 mm. Hg. CFeulgen and Behrens, Z. physiol. Chem., 1928, 
177, 221.] 

2910. Butyryl chloride to butyl aldehyde. Liquid phase (solution in a hydrocar- 
bon): palladium on barium sulphate catalyst. ptosenmund, Ber. t 1918, 61, 585.] 

2911. Benzoyl chloride to benzaldehyde (97 per cent). Liquid phase : palladium- 
black catalyst, precipitated on barium sulphate or Kelber’s nickel catalyst. The sub- 
strate is dissolved in xylene or cumene, ptosenmund, Bcr ., 1918, 61, 585.] Similarly 
p-methylcarboxy-benzaldehyde from p-CHjOiCOCJLOCl. 

2912. Benzoyl Chloride: Catalytic Decomposition. 11 Benzoyl chloride when passed 
with a current of hydrogen over finely divided nickel at 270° C. furnishes to the extent 
of about 50 per cent a mixture of benzene, toluene, and about 40 per cent of diphenyl. 
The mechanism of the formation of the latter is obscure, but it appears to be conditioned 
by the formation of nickel chloride on the surface of the catalyst, and is not suppressed 
even when an excess of hydrogen is employed. With copper as catalyst benzoyl chloride 
is decomposed up to about 40 per cent into benzoic anhydride, the remainder being 
unchanged. A similar conversion occurs at 420°-450° C., with the chlorides of barium 
and thorium, with simultaneous deposition of carbon on the catalyst, and formation of 
carbon monoxide and hydrogen chloride. The manner of formation of the anhydride 
remains uncertain. 11 

2913. m-Fluorbenzoyl chloride to m-fluorobenzaldehyde. Xylene solution: Palla- 
dium on barium sulphate catalyst (60 per cent yield). CShoesmith, Sosson and Slater, 
Joum. Chem. Soc. t 1926, 2760.] 

2914. l-Phenyl-5-methyl-l : 2 : 3-triazole-4-carboxyl chloride on reduction gives 
l-phenyl-5-methyl-l : 2 : 3-triazole-4-aIdehyde. l-Phenyl-5-methyl-l : 2 : 8-triazole 
and l-phenyl-4 : 5-dimethyl-l : 2 : 3-triazole are by-products. Impure hydrogen 
causes formation of anhydride of l-phenyl-5-methyl-l : 2 : 3-triazole-4-carboxylic acid. 
1 : 5-Diphenyl-l : 2 : 3-triazole-4-carboxyl chloride gives 1 : 5-diphenyl-l : 2 : 3-tria- 
zole-4-aldehyde. 

2916. Hydrogenation of sym. phthalic chloride in tetralin with palladium-kieselguhr 
catalyst at 150°, with varying amounts of quinoline-s as “ regulator/' showed but little 
specific influence of the regulator. The filtrate treated with phenylhydrazine, etc., 
according to the usual technique, gave phenyl-l-hydroxyphthalazine. From the residue 
after evaporation in vacuo, phthalide was obtained by water extraction : the catalyst, 
extracted with hot glacial acetic acid, gave biphthalide. 

• Brit. Chem. Abat. t 1926, 405A. 

• K. W. Rosenmund, Ber., 1918, 61, 585-594. 

10 See further J. Chem. Soc. t 1918, i. 300. 

11 Brit. Chem. Abat ., 1918, 442A. 

11 Mailho and de Godon, Bull. Soc. Chim ., 1916, 19, 449-452. 

11 J.S.C.I., 1917, 129. 
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2916 . Benzyl-, methylbenzyl-, diethyl-malonyl-chlorides could not be reduced to the 
malonic dialdehydes by this method. Reduction occurred with a yield of oils with no 
aldehydic properties. Scarcely more successful were attempts to prepare dialdehydes of 
pyridinecarboxylic acids. This is attributed to the fact that the acid chlorides form 
double compounds with POCli, which are catalyst poisons. One such compound with 
collidinedicarboxylic acid chloride on hydrogenation in xylene or ethyl benzoate gave 
15 per cent of aldehyde. 14 CZetzsche, Fllitsch, Enderlin and Loosli, Helv. Chim. Ada, 
1926, 9 , 182.] 

2917 . Gallaldehyde is produced by Roeenmund’s hydrogenation method. The carbo- 
methoxy- and the acetyl derivatives of gallic acid are converted into the chlorides and 
these in cumene or xylene solution are hydrogenated in presence of a palladium-barium- 
sulphate catalyst (or of Kelber’s nickel catalyst) to: 3:4: 5-trimethylcarboxybenzal- 
dehyde and 3:4: 5-triacetoxybenzaldehyde, which on hydrolysis yield gallaldehyde, 
3:4: 5-tri-hydroxybenzaldehyde. CRosenmund and Zetzsche, Ber., 1918, 61 , 594. j 
With reagents of high purity an intermediate product from the acetyl compound can be 
isolated— triacetylgallic aldehyde. CRoeenmund and Pfannkuch, Ber., 1922, 66, 2357.3 

2918 . 3-Methyl-carboxy-4 : 5-dimethoxybenzoic acid chloride to 3-methyl-car- 
boxy-4 : 5-dimethoxybenzaldehyde. CMauthner, Annalen, 1926, 449 , 102.3 

2919 . 5-Methoxy-<r-naphthoyl chloride to 5-methoxy-ar-naphthaldehyde (5 g.) in 
xylene (25 cc.) in contact with palladinized barium sulphate was reduced by a current 
of dry hydrogen for four hours, the temperature of the bath being 170° C. ft Cf Roeen- 
mund, Ber., 1918, 61 , 591-3 11 

2920 . 3 : 4 : 5-Trimethoxybenzoyl chloride to 3 : 4 : 5-trimethoxybenBaldehyde. 
25 g. of the chloride in 100 cc. dry xylene, 5 g. palladinized barium sulphate, six hours in 
a slow stream of hydrogen. £Baker and Robinson, J. Chem. Soc., 1929 , 156.3 

2921 . Brombenzene to benzene. Liquid phase : colloidal palladium catalyst or pal- 
ladinized barium sulphate : boiling under reflux. CRosenmund and Zetzsche, Ber., 1918, 
51 , 579.3 

2922 . Bromstyrene to ethyl-benzene. Liquid phase : colloidal palladium catalyst. 
CBorsche and Heimburger, Ber., 1915, 48 , 452.3 

2923 . Iodobenzene to benzene and some diphenyl. Gas phase : 270° : nickel cata- 
lyst. The method is unsatisfactory; the reaction soon stops, owing to the formation of 
nickel iodide, which cannot be reduced by the hydrogen in the presence of iodobenzene. 
CSabatier and Mailhe, Compt. rend., 1904, 38 , 245.3 

2924 . Chlorinated benzenes to carboxylic acids. Vapor phase : Nickel catalyst on 
carrier (pumice) : carbon monoxide gas. By introduction of ammonia, aniline and 
para-toluidine result. Coterie and Eschenbach, Arch. Pharm., 1927, 266 , 187; Chem. 
Abst., 1927, 21 , 1975.3 

2926 . m-Chlortoluene to methyl-chlorcyclohexane. Glacial acetic acid solution : 
platinum-black catalyst. CWillstiitter and Hatt, Ber., 1912, 46 , 1471.3 

2926 . Chlomitrobenzenes to aniline hydrochloride. Gas phase : 270° : nickel catar 
lyst. ^Sabatier and Mailhe, Compt. rend., 1904, 138, 245.3 

2927 . With copper catalyst at 360°-380°, the chloranilines are formed. CMigno- 
nac, Bull. Soc. Chim., 1910 (4), 7 , 270.3 

2928 . Chlorcrotonic acid to crotonic acid. Liquid phase, boiling under reflux : col- 
loidal palladium catalyst. CRosenmund and Zetzsche, Ber., 1918, 61 , 579.3 

2929 . o- and p-Methoxybenzyl chlorides to o- and p-xylenes. The mixture of the 
methoxy benzyl chlorides is prepared by treating toluene with formaldehyde in presence 
of hydrochloric acid and a condensing agent, e.g., zinc chloride. 11 

2930 . Sebacyl dichloride to decanedial (sebacic dialdehyde). Boiling xylene solu- 
tion : palladium-calcium carbonate catalyst. CWaser, Helv. Chim. Ada, 1925, 8, 117.3 

14 Chem. Abst., 1926, 20, 1226. 

11 J. Chem. Soc., 1926, 3242. 

11 Brit. Pat. 300,940, Aug. 20, 1927, to Carpmael (from I. G. Farbenind. A.-G.); Brit. 
Chem. Abst., 1929, 123B. 
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2931. o-Chlorbenzoic acid to benzoic acid. Liquid phase, boiling under reflux : col- 
loidal palladium catalyst. [Roeenmund and Zetsche, Ber., 1918, 61, 579.] 

2932. Chlorcinnamic acid to cinnamic acid. Liquid phase, boiling under reflux : 
colloidal palladium catalyst. CRosenmund and Zetsche, Ber., 1918, 61, 579.] 

2933. Triphenylacetyl chloride to triphenylmethane. Palladinized barium sulphate. 
(Expected aldehyde was not obtained.) ^Danilov and Venus-Danilova. Ber., 1926, 
69B, 377.] 

2934. Orsellinic Acid Synthesis. 17 Ethyl methylhydroresorcylate, prepared by the 
condensation of ethyl crotonate with ethyl aceto-acetate in the presence of sodium ethox- 
ide, is converted by bromine in glacial acetic acid into ethyl dibromo-orsellinate, m.p. 
143-144°, which is transformed by hydrogen in the presence of palladium and calcium 
carbonate into ethyl oreellinate, m.p. 132°; hydrolysis of the ester by cold sodium hydrox- 
ide affords orsellinic acid identical with the natural product. 1 * 

2936. Dibrom-n-propyl-resorcin-carboxylic acid to n-propyl-resorcin-carboxylic acid 
(divaric acid occurring naturally in a lichen). Sodium hydrate 2N-solution : palladium- 
calcium carbonate catalyst. [Sonn, Ber., 1928, 61B, 2480.] 

2936. 1, 8-Naphthalyl chloride, C» 0 He(COClj)i on catalytic reduction gave a mix- 
ture from which only the anhydride was isolated. [Davies and Lee per, J. Chem. Soc. 
1927, 1124.] 

2937. 2, 4-Dichloro-l, 8-naphthyridine to 1, 8-naphthyridine. [Koller, Ber., 1927, 
60B, 1918.] 

2938. Chlormenthol to 3-p-menthol. Solution in dilute alcohol : palladium black. 
[Kdtz and Busch, J. pr. Chem., 1928, 119 (ii), 1.] 

✓CO 

2939. Phenylchlorocamphor CiH u <\ | to phenylcamphor. Solution in a 

X CC1C#H* 

mixture of alcohol, ethyl acetate and water : nickel catalyst. [Rupe, Verh. Naturforsch. 
Ges., Basel, 1927, 38, 164.] 

2940. Dehalogenation of Thyroxin. Thyroxin, 1 per cent solution in normal potas- 
sium hydroxide, is shaken, in hydrogen, with a palladium-calcium carbonate catalyst. 
The iodine is removed and an equivalent quantity of hydrogen taken up. The product 
was shown (by synthesis and degradation) to be: ar-amino-0-4-(p-hydroxyphenoxy) 
phenylpropionic acid, HO-C«H4-0‘C*H4*CHi-CH(NHt)-COOH. [Harington, Bio- 
chem., 1926, 20, 300.] 

2941. Sodium-bromobenzenesulphonate, 2-chloro-/>-cymene-3-8ulphonate or other 
halogenized aromatic sulphonic acid containing halogen in the aromatic nucleus, in 
aqueous alkaline solution, is subjected to the action of hydrogen and a hydrogenating 
catalyst, such as a nickel catalyst, at temperatures of 20°-300° C. 19 

17 Sonn, Ber., 1928, 61B, 926. 

u Brit. Chem. Abet., 1928, 756A. 

w U. S. Pat. 1,645,974, Oct. 18, 1927, to Schoilkopf ; Chem. Abat.„ 1928, 22, 91. 



CHAPTER XXX 


MISCELLANEOUS HYDROGENATIONS CHIEFLY OF BIOCHEMICAL 

INTEREST 

Hydrocarbons 1 

3000. Squalene. Squalene is a hydrocarbon found in surprisingly large quantities 
in the liver oils of certain sharks. For the hydrogenation of squalene, see Tsujimoto, 
Ind. Eng. Chem. f 1916, 8, 889; Chapman, J. Chem. Soc., 1917, 111, 56; 1923, 223, 769; 
Heilbron, Hilditch and Kamm, J. Chem. Soc., 1926, 3131; Heilbron and Thompson, J. 
Chem. Soc., 1929, 883. The principal product is dodecahydrosqualene. 

3000A. By the hydrogenation of spinacene, a hydrocarbon from certain fish-liver 
oils, with platinum-black as catalyst, Chapman * found the iodine value was reduced 
to 18, and a hydrocarbon, C W H M , boiling at 274° to 275° C. (18 mm.) was obtained. 
This was a colorless, odorless oil not solidifying at — 20° C., and having a specific gravity 
of 0.8172 at 20°-20° C. The unsaturated hydrocarbon squalene separated by Tsuji- 
moto closely resembles spinacene. 

3001. Kurozame oil (from the liver of the black shark, mainly of the genus Zamuus) 
on hydrogenation in the presence of a nickel catalyst yields a product, m.p. 46°-47°, acid 
value 3.2, saponification value 82.8, iodine value 1.2, unsaponifiable matter 51.43 per 
cent. The unsaponifiable portion contains dodecahydrosqualene (for which the name 
squalane is suggested), batyl alcohol, derived chiefly from selachyl alcohol Cc/. J. Chem . 
Soc. 1922 (i), 297), and probably hydrogenated cholesterol. Dodecahydrosqualene as 
isolated from the crude hydrogenated product by distillation is a colorless liquid of very 
low volatility, b.p. 272°/15 mm., d*\ 0.8084; n* D ° 1.4515; flash-point (Pensky-Martens 
apparatus) 190°. It is unchanged by treatment with sulphuric acid at 70 0 . 1 
CTsujimoto, Chem. Umschau, 1927, 34, 256. J 

3002. Hydrocarbon from Resin Acids of Hops. The hydrocarbon C u Hu (from 
humulic acid by reduction) gives 1 : 3-diisoamylcyclopentane on hydrogenation glacial 
acetic acid in presence of Adams platinum oxide catalyst, but not of platinum-black or of 
platinum sponge. CNote paragraph 2786, page 294. Wieland and Martz, Ber., 1926, 
69B, 2352.] 

Sterols 

3003. Cholesterol to dihydrocholesterol. Ether solution : 33 per cent (by weight 
of substrate) of platinum-black catalyst : two days. CWillstiitter and Meyer, Ber., 1908, 
41 , 2199.] 

3004. Cholesterol to di hydrocholesterol. Acetone solution : palladium catalyst. 

3005. Cholesterylene absorbs also only 2 atoms of hydrogen. CNord, Biochem. Z., 

1919, 99, 261; Chem. Abut., 1920, 14, 2163.] 

3006. Cholesterol to cholestane. Ether solution : platinum-black catalyst. CStein- 
koff, Wintemitz, Roederer and Wolynski, J. prakt. Chem., 1919, 100, 65; Chem. Abel ., 

1920, 3635.] 

1 For hydrogenation of caoutchouc, etc., see para. 3070 cl eeq. 

* J. Chem. Soc., 1917, 56. 

* Bril. Chem. Abet. 1927, 105. 
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3007. Chole 8 terilene to cholestan and pseudo-cholestan. Palladium catalyst. 
ITantl and Kabos, Monalsh., 1920, 47 f 251; Chem. Abst., 1927, 21, 590 .] 

3008. Allochosterol to coprosterol (with some dihydrocholesterol). In amyl ether 
solution. Allocholesterol is formed by boiling cholesterol hydrochloride with anhydrous 
sodium acetate in absolute alcohol. When cholesterol is heated with nickel at 180° C. 
an internal hydrogenation of the double bond occurs at the expense of the alcohol group, 
with the formation of ketones (cholestanone, coprostanone) . CWindaus, el al., Ann., 
1927, 453, 101; Chem. Abst., 1927, 21, 2905.] 

3009. The formation of these ketones, in which allocholesterol is probably an inter- 
mediate stage, explains the hydrogenation of cholesterol to 7 -cholestanol. The latter is 
also obtained by heating cholesterol at 180° with alcoholic sodium ethoxide. The reduc- 
tion of a double linking under these conditions is abnormal and may again be due to 
intermediate formation of cholestanone and coprostanone. 0-Cholesterol is catalytically 
hydrogenated in ether-glacial acetic acid to dihydrocholesterol. If it differed from 
cholesterol in the configuration of the hydroxyl group, t-cholestanol should be formed, 
so that probably only the position of the double linking is different . 4 £/5uf.] 

3010. a- and /3-Sitosterol to sitostanol C 17 H 47 OH + HjO. 

3011. 7 -Sitosterol to 7 -sitostanol. Platinum-black catalyst. C Anderson and 
Shriner, J. Biol. Chem., 1927, 71, 401-406. See also: Anderson, Shriner and Burr, 
J. Amer. Chem. Soc., 1926, 48, 2987; Bonstedt, Z. physiol. Chem., 1928, 176, 269.] 

3012. f- Sitosterol to d - dihydrositosterol (sitostanol, C 17 H 47 OH), with Voorhees- 
Adams' platinum oxide catalyst; sitosterol 10 g., ether 300 cc., 0.65 g. catalyst. £Ander- 
son and Nabenhauer, J. Am. Chem. Soc., 1924, 46, 1953.] 

3013. Phytosterols. When /3-sitosterol is reduced with hydrogen and platinum- 
black, dihydro-0-sitosterol is formed. The properties of this compound differ from 
those of dihydro- 7 -sitosterol. It melts at 140°-141°; [a]D, + 24.91°. 

3013A. Sterol mixtures apparently rich in cr-sitosterol are reduced with great difficulty 
by hydrogen and platinum-black, but the reduction product which is finally obtained 
appears to be identical with that prepared from 0-sitosterol. The substance melted at 
139°-140°; [a] d, + 23.53°. 

3013B. or-Sitosterol differs from /3-sitosterol in forming a bromine substitution prod- 
uct which cannot be debrominated. The two compounds must be closely related, 
nevertheless, since both give saturated sterols on reduction which are identical in com- 
jTOsition and have very similar properties. It is interesting to note that the melting- 
points and rotations of these reduction products are very similar to those of the natural 
dihydrositosterol. C Anderson and Shriner. The phytosterols of com oil. J. Am. 
Chem. Soc., 1926, 2978.] 

3014. Dihydro- 7 -«itoeterol. Both 7 -sitosterol preparations were reduced with 
hydrogen in the presence of platinum-black. The reduction products had similar prop- 
erties: (1) m.p. 143°-144° [a]D + 18.89°; (2) m.p. 143°-144° [a ] d + 18.01°. The acetyl 
derivative melted at 142°-143° [a\D + 9.98°. Ubid., p. 2993, The phytosterols of 
wheat germ oil.] 

3015. Ergosterol (acetate) from yeast, to a-ergostenol (acetate). Liquid phase : 
platinum gauze catalyst. Reduction with Adams' platinum catalyst gives a mixture of 
the of-ergostanol acetate and the acetate from the pure sterol. CRdndel Walter, 
Ann., 1928, 460, 212; Chem. Abst., 1928, 22, 1593; see Heilbron and Sexton, /. Chem. 
Soc., 1929, 921.] 

3016. or-Ergostenone to cr-ergostenol. 

3016 A. A f/o-or-ergostenone to affo-or-ergostenol and a new isomeric sterol, not pre- 
cipitable by digitonin, and not having anti-rachitic properties even when irradiated. 
CReindel (with others), Ann., 1928, 466, 131; Brit. Chem. Abst., 1929, 61 A.] 

3017. A neutral compound Ci t Il4i( O r40)O4, obtained by oxidation of ergosterol on 
catalytic hydrogenation yields a compound Ci«H 4 4 (or u)Oi, by absorption of 3 molecules 
of hydrogen and elimination of water. [ [Idem, ibid . ] 

4 Brit. Chem. Abst., 1928, 557. 
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3018. Vitamin A: Hydrogenation of 4 ‘ Biosterin .” 1 On reduction of biosterin by 
Fokin and Wills tatter’s method, a solid substance separates, in which nonacosane, batyl 
alcohol, octadecyl palmitate, and melissyl alcohol have been detected. The greater por- 
tion of the product is, however, liquid at the ordinary temperature, and can be sepa- 
rated by distillation into two fractions; it is not possible to ascertain which of these cor- 
responds with vitamin A, as the activity is destroyed by the reduction. 

3018A. The Fokin and Willstatter method referred to is possibly that described by 
Willstatter and Mayer • with a reference to Fokin. The sterols, etc., are dissolved in 
ether and hydrogenated at room temperature with a platinum catalyst. Recent 
opinion tends to the belief that, under these conditions, vitamin A is stable. It is 
possible that, following Willstatter’s later practice, Nakamiya and Kawakami may 
have introduced oxygen: to this the vitamin is highly sensitive. 

3018B. Sumi 7 affirms that hydrogenation destroys the antirachitic property of 
irradiated ergosterol. If this is true it appears to be so only of the concentrated and 
perhaps only of the irradiated product. Naturally occurring vitamin D (anti-rachitic) 
in conditions of hydrogenation (as when cod-liver oil is hydrogenated at room tempera- 
ture to a solid fat) does not seem to lose the antirachitic property. 

3019. Selachyl alcohol (from the liver oil of elasmobranch fish) to batyl alcohol. 
Platinum-black catalyst (Chapman). Nickel catalyst at 150° C. [Heilbron and Owens, 
J. Chem. Soc., April, 1928, 947.] 

3020. Phytol, C»HitOH, to dihydrophytol, C*>H«iOH. Liquid phase : platinum- 
black catalyst. [Willstatter and Mayer, Ber., 1908, 41, 1475.] 

3021. Usnetol, CuHi«0« (from usnic acid derived from Usnea barbata, a lichen) to 
dihydrousnetol. Glacial acetic acid solution : palladium catalyst. Usnetol appears to 
be an enol: 


CH, COCH, 

x* 


HO 


V 


CH, 

CH, 


O 


[Schopf, Heuck and Kraus, Ann., 1927, 469, 233; Chcm. Abst., 1928, 22, 1589.] 


Other Compounds 

3022. Brazilin and Hematoxylin Derivatives. 3-mp-Dihydroxybenzylidene deriva- 
tive of 7-methoxychromanone is smoothly reduced by hydrogenation, with a palladium 
catalyst, to 3-w/>-dihydroxy-benzyl-7-methoxychromanone together with an unidentified 
substance, m.p. 139° C. [Perkin, R&y and Robinson, J. Chem. Soc., 1927, 2094.] 

3023. Deoxtrimcthylbrazilone with a palladium catalyst was reduced to a dehydro- 
derivative. [/deni, Ibid., 1928, 1504.] 

3024. Trimethylbrazilone, in glacial acetic acid solution, with a spongy platinum 
catalyst, at room temperature, is hydrogenated to a dihydroxy-compound. [Pfeiffer, 
Angern, Haack and Willems, Ber., 1928, 61B, 1923.] 

3025. Tetramethylhematoxylone, similarly hydrogenated, gives an analogous 
dihydroxy derivative, CuHiO(OCII») 4 (OH)i. [/tad.] 

3026. Trimethylanhydrobrasilin to trimethyldesoxybrasilin. 

3027. Tetramethylanhydrohaematoxylin to tetramethyldesoxyhaematoxylin. Plati- 

1 Nakamiya and Kawakami, Sex. Papers Inst. Phys. Chem. Res., Tokyo, 1927, 7 , 121. 

6 Ber., 1908, 41 , 1475; Chem. Abst., 1908 , 2218. 

7 Biochem. Z., 1929, 204 , 396; Chem. Abst., 1929, 23 , 1942. 
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num catalyst. [^Pfeiffer, Angem, Haack and Willems, Ber., 1928, 8 IB, 839; Chem. 
Abst. 1928, 22, 2360.3 

3028. 7-Acetoxychromone hydrogenated by Willstatter’s method gave 7-ace toxy- 
chromanone. [^Pfeiffer, Oberlin and Konermann, Ber., 1925, 68B, 1947. 

3029. Capsanthin. Ci 4 H«Oi (coloring matter of paprika) is highly unsaturated; 
on catalytic hydrogenation it takes up 9 molecules of hydrogen. When 6 molecules 
have been absorbed all the color has disappeared. The hydrogenated product is named 
per hydrocapsan thin and is a liquid, probably a mixture of stereoisomerides. The hydro- 
genation is carried out in alcoholic or, better, acetic acid solution, with a platinum cata- 
lyst. [Zechmeister and von Cholnoky, Ann., 1928, 465, 288. Cf. hydrogenation of 
carotin, next paragraph.] 

3030. Hydrogenation of Carotin. Carotin C 40 Hm to perhydrocarotin C 40 H 7I . Cyclo- 
hexane or ether solution : spongy platinum catalyst. CZechmeister, Cholnoky and 
Vrab^ly, Ber., 1928, 61B, 566.] 

3031. II. C/Wd.] Catalytic hydrogenation of carotin in cyclohexane in the presence 
of platinum shows that its double linkings are divisible into two groups. At least two 
and probably three of them are distinguished by not being causative of color; they 
become hydrogenated towards the end of the reaction after the double linkings of the 
second type have become almost completely saturated. The color of carotin is due to 
a series of double linkings which readily absorb hydrogen. As long as hydrogenation 
mainly affects the latter type, the diminution in the intensity of the color of the solution 
is proportional to the consumption of hydrogen. The color appears to be lost completely 
after additions of 8 molecules of the gas. Partly hydrogenated solutions of carotin all 
exhibit the typical carotin spectrum and hence contain a mixture of unchanged material 
and decolorized products; colored intermediate compounds do not appear to be formed. 
Carotin therefore appears to contain eight olefinic linkings conjugated with one another 
and three further double linkings. The optical inactivity of perhydrocarotin appears 
to ally it closely to perhydro-^-crocetin and to strengthen further the analogy between 
the safran dyes and the carotin group. Perhydrocarotin, C 40 H 7 i, conveniently prepared 
by catalytic hydrogenation of carotin in chloroform in the presence of platinum, has 
normal molecular weight in freezing benzene, indicating a C 40 formula for carotin, which 
is supported by direct determinations of its molecular weight in freezing benzene and 
camphor.* 

3032. Crocetin: a-crocetin is an acid derived from saffron. It is C«HieO(COOH)i, 
i.e., an aliphatic dicarboxylic acid with eight conjugated double bonds. 7-Crocetin is 
the dimethyl ester of this acid and on catalytic hydrogenation gives a dimethyl ester 
CaHuO(COOH),. CKarrer and Salomon, Helv. Chim. Acla , 1928, 11, 513.] 

3033. Lycopin • by catalytic hydrogenation forms perhydrolycopin, C 40 H 8 i and 
demonstrates its (paraffin) aliphatic constitution and its resemblance to carotin, q.v. 

3034. Xanthophyll. 10 C 40 H 5 «Oh, is hydrogenated in ethyl or propyl alcohol, ether, 
chloroform, or glacial acetic acid in the presence of an unusually large amount of spongy 
platinum to non-crystalline perhydroxanthophyll, CioHnOs. The hydrogenation graph 
of xanthophyll is very similar to that of carotin, showing a rectilinear progress until 
8 molecules of hydrogen have been absorbed and the solution has become colorless. 
Xanthophyll therefore probably contains eight conjugated double linkings which rapidly 
become hydrogenated and three sluggish double linkings which are not responsible for 
the color. It is possible that carotin contains two alkyl and xanthophyll two alkoxy- 
groups in corresponding positions in the molecule. 11 

3034A. Bixin, pigment of annatto (Ci*Hjo0 4 or C 7 eH M 0 4 ), dissolved in glacial 
acetic acid is converted by hydrogen in presence of palladized barium sulphate into per- 
hydrobixin. CFaltis and ViebSck, Ber., 1929, 02B, 701; Bril. Chem. Abst., 1929, 575A.] 

• Brit. Chem. Abst., 1928, 1015A. 

• Karrer and Widmer, Helv. Chim. Acta, 1928, 11, 751. 

10 Zechmeiater and Tuzson, Ber., 1928, 61B, 2003. 

11 Brit . Chem. Abst., 1928, 1252A. 



310 


HYDROGENATION 


3035. Catalytic Reduction of Glucosides. Aucubin, CuH« 4 Ot, (from fruit of Aucuba 
japonica), on reduction in presence of colloidal platinum, absorbed 4 molecules of 
hydrogen, giving glucose (1 mol.) and an oil, tetrahydrodesoxyaucubigenin, C»HjoOj. 
Thus hydrogenation with elimination of water had occurred. With a platinum oxide 
catalyst at 1.5 atmospheres hydrogen pressure, 3 molecules, only, of hydrogen were 
absorbed with production of a syrupy substance (? hydroaucubin). CKariyone and 
Kondo, J. Pharm. Soc., Japan, 1928, 48, 679; Chem. Abet., 1929, 23, 393.] 

8036. Salicin with colloidal palladium gave o-cresyl glucoside, l,2-CHi*CeH 4 0- 
CiHnOi, so that the reduction took place only on the hydroxyl group. 

8037. Arbutin, however, behaved like aucubin and, absorbing 4 molecules of hydro- 
gen, gave hexahydrophenol and glucose. C/bui.] 

8038. Anhydrodigitoxigenin to tetrahydroanhydrodigitoxigenin, C«HnOi. HWin- 
daus and Freese, Ber., 1925, 58B, 2503; cf. Windaus and Stein, Ber., 1928, 61B, 
2438.] 

3039. Gitoxigenin, CiiH J 4 0», on hydrogenation appears to yield 2 isomeric dihydro- 
gitoxigenins, CnHieCV Each is converted by hydrogen chloride in alcohol into dian- 
hydrodihydrogitoxigenin, CjjHuOj. This is readily hydrogenated with a platinum- 
black catalyst to tetrahydrodianhydrodihydrogitoxigenin, a mixture of isomerides from 
which CijHnOj is isolated. The oxidation of this gives a ketone (identical 
with Bandte’s hexahydrodigitaligenone), tetrahydrodianhydrogitoxigenone. ^Windaus, 
Weetphal and Stein, Ber., 1928, 61B, 1847.] 

3040. Matrine Derivatives. or-Matrinidine gives dihydro-of-matrinidine on hydro- 
genation in presence of colloidal palladium. 

3041. Des-N- methyldihydro-of-matrinidine, Ci*H| 4 Ni gives the tetrahydro derivative. 

3042. Des-A^-dimethyltetrahydro-or-matrinidine (with palladinized charcoal cata- 
lyst) gives a hexahydro compound. 

3043. Des-A r -trimethylhexahydro-or-matrinidine gives the octahydro compound. 
CKondo, Ochiai and Aihara, J. Pharm. Soc., Japan, 1928, 48, 337.] 

3044. Ginkgo blloba Fruit Products. Ginkgolic acid CnH io(OH) -COOH on reduc- 
tion in presence of platinum- or palladium-black gives C»iHi 4 Oi identical with cyclogalii- 
paric acid of Kunz-Krause and Schelle. 

3045. Ginkgol, CioHhOHi, obtained from ginkgolic acid by heating, gives a dihydro- 
derivative identical with cyclogallipharol. 

3045 A. Bilobol, CnH n (OH)i on hydrogenation gives a dihydrobilobol. CKawamura, 
J . Chem., Japan, 3, 89.] 

3046. Linderan, CaHioOj, from Lindera strychinifolia, takes up 2 atoms of hydrogen 
on catalytic reduction. A similar substance, linderene, CuHhOj, takes up first 2Hj and 
then apparently with rupture of a furan nucleus), another H* is taken up and the ulti- 
mate product is CnHuO. CKondo and Sanada, J. Pharm . Soc., Japan, 1925, No, 526, 
1047.] 

3047. Toad Poison Constituents. Bufagin, CmHmOt (or Cj 7 H| 4 0i, according to 
Kodama) (from Chinese remedy eenso), on catalytic hydrogenation gives a mixture of a - 
and 0-tetrahydro derivatives. The di-acetyl derivative gives a mixture of 2 dihydro- 
derivatives. 

3048. Gamobufotalin, CijHmO# (extraction of skins of 5000 Japanese toads yielded 
35 g.), on catalytic hydrogenation gives a hydro-derivative. CKotake, Ann., 1928, 
465, 1.] 

3049. Rotenone (the active constituent of Derris eUiptica, of unknown constitution) 
to dihydrorotenone : palladinized barium sulphate catalyst. With platinum the CO 
group is attacked and a dihydrodeoxyrotenone results. 

3050. Rotenol (derived from rotenone, probably a secondary alcohol) with platinum 
is hydrogenated to dihydrorotenol, CnHiA. 

3051. The acetyl derivative of anhydroderritol (also derived from rotenone), hydro- 
genated in acetic acid solution, with platinum, gives a dihydro-derivative. 

3052. Rotenonone (an oxidation product) in acetic acid solution, with platinum, 
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hydrogenates to perhydrorotenonone, CButenandt (and, in part, Linaert and 

Bo tech war), Ann., 1928, 464, 253.] 

3963. Betulin (di-acetate) to dihydrobetulin (di-acetate). Glacial acetic acid solu- 
tion : platinum catalyst. fVeeterberg, Ber., 1927, GOB, 1535.] 

3064. Bile Acids. Dehydrocholic acid to 3, 7, 1 2-t rihy droxy-cholanic acid. Acetic 
acid solution : Platinum-black : six hours. 

3066. 7, 12-Diketocholanic acid to 7, 12-dihydroxy-cholanic acid. Acetic acid solu- 
tion : platinum-black : one hour. 

3066. Bilianic acid to biliobanic acid. Isobilianic acid to reducto-isobilianic acid 
(hydroxylactone). CBoreche and Frank, Ber., 1926, 69B, 1748; Chem. Abet., 1927, 21, 
101. See also: Borsche and Feske, Z. physiol. Chem., 1928, 170, 109; Brit. Chem. 
Abst., 1928, 1008A.] 

3067. Ketocholenic acid (ethyl ester) to 7-ketocholanic acid. Palladium-barium 
sulphate catalyst. CSchenck and Kirchhof, Z. physiol. Chem., 1927, 163, 120; Chem. 
Abst., 1927, 21, 1991.] 

8068. Hyodeoxycholic acid and a-dehydrohyodeoxycholic acid, on catalytic hydro- 
genation, both yield 2 : 13-dihydroxyallocholanic acid. Their oxidation product, hyo- 
deoxybilianic acid (13-ketoetadenic acid), on catalytic hydrogenation gives a lactone 
dicarbocylic acid. 

3069. Lithobilienic acid, Cs4Ht«0«, on catalytic hydrogenation, gives allolithobilianic 
acid. DVindaus, Ann., 1926, 447, 233.] 

3060. Dehydrocholic acid gives 3:7: 12-trihydroxycholanic acid, differing from nat- 
ural cholic acid only in its specific rotation. 

3060A. Methyl dehydrodeoxycholate gives methyl deoxycholate. Both in glacial 
acetic acid solution with platinum-black catalyst. 

8060B. Similarly hydrogenated 7 : 12-diketocholanic acid gives 7 : 12-dihydroxycho- 
lanic acid. 

3060C. Bilianic (uncertainly) to biliobanic acid. Isobilianic acid to reductoieobilio- 
tanic acid (Cs«H *•()?). CBorsche and Frank, Ber., 1926, 69 [B], 1748.] 

3061. Spermine dehydrogenation product CiHi«Ns, when hydrogenated in presence 
of platinum yields A'-a>-aminopropylpyrrolidine, CtHi^Ns. CWrede, Fanselow and 
Strack, Z. physiol. Chem., 1926, 161, 66.] 

3062. Psychosine (a base extracted from brain tissue) to dihydropsychosine. Palla- 
dium catalyst. 11 

3063. Lecithin to hydrolecithin. Absolute alcohol solution : colloidal palladium 
catalyst. £Pa&l and Oehme, Ber., 1913, 46, 1297.] 

3064. 7>- Ace toamino-o-nitro-m-c resol methyl ether lodal anhydride, hydrogenated 
with palladium catalyst. CShinoda (synthesis of corytuberine), J. Pharm. Soc., Japan, 
1926, No. 632, 482-489; Chem. Abst., 1927, 21, 2272.] 

3066. Alpha-elemic acid, CttH 4 jO» to dihydroelemic acid, C17H44O1. Alcohol solu- 
tion : paUadium-kieselguhr catalyst. £Bauer, Ber., 1928, GIB, 343.] 

3066. Preparation of Adrenin (suprarenin, adrenaline, epinephrin) 3 : 4-dihydroxy- 
phenylmethylaminoethanol. 1 * Methylaminoacetyl-3 : 4-dihydroxybenzene is hydro- 
genated with metals of the platinum group, in colloidal solution, or finely divided or 

11 Klenk and Hfirle, Z. physiol. Chem., 1928, 178, 221; Brit. Chem. Abst., 1929. 321A. 

11 In attempts to isolate the active principle of the suprarenal body Abel prepared its ben- 
zoyl compound and believing it to be the pure active principle, named it epinephrin. When 
by a alight modification of Abel’s method, the true active principle waa isolated by other 
workers, it was named adrenaline. This name, however, became a trade-mark. A strong 
movement was set on foot to give to this product the name epinephrin. Apart from the 
question of jurisdiction over chemical nomenclature, there seems some impropriety in thus 
transferring a name from a benzoyl compound to the simple body, as well as some danger of 
an accusation of partiality. 
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supported on carbon, or with a nickel catalyst. The yield is almost theoretical and the 
product of a high degree of purity. 14 

3067. Synthesis of Ephedrine. dJ-Ephedrine. A mixture of 50 cc. of absolute 
ethyl alcohol, 7.4 g. of methylphenyl diketone (1-20 mole) and an alcoholic solution of 
methylamine containing 1.6 g. (1-20 mole) was reduced catalytically with hydrogen in 
the presence of 0.1 g. of platinum oxide. In some experiments there was a long induc- 
tion period and then the yield was low. This behavior could be obviated by reducing 
the catalyst first and then adding the reactants. 14 

3068. Another and less simple synthesis is covered by Brit. Pat. 302,940, Dec. 23, 
1927, to Soc. des Usines chimiques Rh6ne-Poulenc, assignees of Foumeau. Bromo- 
propiophenone is obtained by direct bromination of propiophenone, and is then treated 
with methylamine in benzene or alcohol solution to obtain a-methy laminoe thy 1 phenyl- 
ketone. This is hydrogenated, using finely divided platinum as a catalyst to obtain 
phenyl-methyl-amino-propanol (synthetic ephedrine). 14 

3069. Periplogenin, CiiHmO», to a dihydro derivative, CmHi«Oi. Platinum-black 
catalyst. Periplogenin is prepared from periplocymarin and the latter from Periploca 
graeca , stems and branches. ^Jacobs Hoffmann, J. Biol. Chem ., 1928, 79, 519; Chem. 
Abst. 1929, 23, 151.] 

3070. Rubber, guttapercha, etc. See: Geiger, Diss., Zurich, 1926; Gummi~Ztg. t 
1926, 40, 2143.] 

3071. Cyclo-caoutchouc, which may be obtained by heating caoutchouc in ether or 
benzene solution for a day at 250° C., is converted into a fully saturated compound by 
hydrogenation in presence of a catalyst, preferably a metal of the eighth group of the 
periodic system. According to examples the cyclocaoutchouc is triturated with platinum 
or nickel or copper oxide and treated in a rotary autoclave with hydrogen at 270° C. and 
50-80 atmospheres pressure. The product is soluble in benzene, chloroform, and ether, 
and may be used as a substitute for guttapercha. 17 

3072. Crude rubber (not purified) thoroughly “ disaggregated ” (i.e., made very 
plastic) in a mixing mill, was dissolved in relatively much petroleum ether. This 
solution was mixed with platinum-black and subjected, at room temperature, to sev- 
eral atmospheres pressure of hydrogen, forming perhydro-rubber, saturated in respect to 
bromine. ^Harries, Ber. y 1923, 56, 1048; Chem. Absl. t 1923, 17, 2806.] 

3073. Rubber is masticated in a vacuum or in an atmosphere of hydrogen and then 
is hydrogenated with a catalyst. This product is to be used for impregnation and in 
the making of lacquers and adhesives. 18 

3074. The pyrogenic decomposition of guttapercha begins at 285°-290° at 11 mm., 
becomes vigorous at 300°-315°, and then slackens. The product of such heating is a 
polycycloguttapercha (CsH*),, molecular weight (benzene at freezing point), 1950, 
reduced by hydrogen in presence of nickel at 275°-285°/95 atmospheres to a hydropoly- 
cycloguttapercha (CtfHoJx, molecular weight 1930. w 

3076. Dehydroprotocantharidin to protocantharidinic acid. Palladium charcoal 
catalyst. £Bruchhausen and Berech, Arch. Pharm ., 1928, 266, 697; Brit. Chem. Abst. 9 
1929, 192A.). 

3076. The hydrogenation of waxes such as Japan, montan and beeswax is men- 
tioned by Ellis. 70 

14 Japanese. Pat. 42,351, to Hoshino and Daiichi Seiyaku Kabushiki Co. 

14 Manske and Johnson, J. Am. Chem. Soc., 1929, 61 , 582. CJ. para. 2696. 

14 Chem. A(/e (London), 1929, 20, 190. 

17 Brit. Pat. 263,862. International date, Dec. 31, 1925, to Staudinger. Chem. Age (Lon- 
don), Mar. 12, 1927, 264; U. S. Pat. 1,654,844, Jan. 3, 1928. See also: Staudinger, el a/., 
Helv. Chim. Ada, 1926, 9 , 529 and 549; Brit. Chem. Abst., 1927, 840 and 841A. 

14 Swiss Pat. 121,111, Mar. 22, 1926, to Soc. Chim. Ind., B&le. The hydrogenation of 
rubber is mentioned by Ellis in U. S. Pat. 1,345,589, July 6, 1920. 

18 Staudinger and Bondy (with Geiger), Ann., 1929, 468 , 1-57 ; Brit. Chem. Abst., 1929 , 322. 

70 U. S. Pat. 1,345,589, July 6, 1920. 



CHAPTER XXXI 


THE HYDROGENATION OF FATTY OILS 

Introductory and Historical 

3100 . For years the dream of the oil chemist was to find a solution to the 
problem of converting oleic acid into stearic acid, or olein into stearin, simply 
by the addition of hydrogen, so as to make valuable hard fats from relatively 
cheap raw material. Superficially the problem looked simple. Oleic acid is the 
next-door neighbor of stearic acid, apparently differing only in having a little 
less hydrogen than stearic acid has in its constitution. Only a trifling amount 
of hydrogen, less than 1 per cent, is required to transform oleic into stearic acid. 

3101 . But the problem was far from simple as oleic acid stubbornly resisted 
the invasion of hydrogen into its structure to any material extent under the 
earlier methods of hydrogen addition, and not until later years, with the dis- 
covery of effective hydrogen carriers or catalyzers, has it become possible to 
bring about this conversion economically with large yields so as to warrant com- 
mercial exploitation in an extensive way. 

3102 . Now the problem is solved, and in different parts of the globe dozens 
of plants turning out daily enormous quantities of “ hardened oil,” prepared 
by the treatment of vegetable or other oil with hydrogen have been established. 
Hydrogenated or hardened oil has taken its place in the oil market as a staple 
product. 


A Review of the Art 1 

3103 . Many attempts to hydrogenate oleic acid have been made. Review- 
ing this subject in 1897 2 Lewkowitsch referred to the ease with which the lower 
members of the oleic series are converted into saturated acids and states that 
11 oleic acid itself resists all attempts at hydrogenization,” further remarking 
that he had “ carried out a large number of experiments in this direction under 
most varied conditions, but hitherto all of these gave negative results.” 

3101 . Prior to this, however, Goldschmidt, in 1875, * had reduced oleic acid 
by means of hydriodic acid and amorphous phosphorus at 200° to 210° C. This 

1 The production of stearic acid and other acids or products of high melting-point from 
oleic acid is discussed by Hefter, Technologic der Fetle und Ole, Vol. Ill, 795 and 994; also by 
Ubbelohde und Goldschmidt, Handbuch der Chemie und Technologic dcr Ole und Fetle, Vol. 
Ill, 152. 

* J.S.C.I. . 1897, 389. 

* SiU. b. d. Wiener A hid. d. Wise., 72, 366. 
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presumably led to the attempted commercial development of a process by de 
Wilde and Reychler 4 * involving heating oleic acid to 280° C. with 1 per cent of 
iodine, adding and melting therein a certain quantity of tallow soap, and then 
boiling with acidulated water. The product was then distilled and the iodine, 
in part, recovered from the pitch. The yield of stearic acid or saturated fat is 
stated to be approximately 70 per cent of the theoretical. Only about two- 
thirds of the iodine could be recovered so the orocess apparently did not find 
technical use. 6 

3106 . Chlorine in lieu of iodine was tried, but great difficulty was experi- 
enced in securing an autoclave of resistant material. Imbert 6 recommended 
using quantities of chlorine and alkali exactly calculated on the iodine number 
of the fatty acid and operating at a temperature of 120° to 150° C. and a pressure 
of about 5 atmospheres for a period of six hours. 

3106 . Zurrer 7 * chlorinated the fatty acid and then heated with water in the 
presence of a finely divided metal, as zinc or iron. Lewkowitsch alleges that the 
treatment of monochloretearic acid in this manner causes a reversion to oleic 
acid. 

3107 . Tissier, in 1897," laid claim to a process for the reduction of oleic acid 
by nascent hydrogen. Powdered metallic zinc is placed in an autoclave, water 
and the fatty material containing olein being introduced, and treated under 
pressure. Under these conditions the glyceride is hydrolyzed to fatty acid and 
glycerine, and according to Tissier nascent hydrogen is evolved by virtue of the 
finely divided metal and reduces the oleic to stearic acid. Freundlich and Ros- 
aur 9 claim the Tissier process to be inoperative. 

3108 . The conversion of oleic acid into palmitic and acetic acids by means 
of caustic potash in accordance with the Varrentrapp reaction 10 did not prove 
to be commercially practicable, although it was, for a time, in commercial use. 
One of the causes of its abandonment was the occurrence of hydrogen explosions. 

3108A. Experiments by Kalnin reported by Bergius 11 have shown that 
hydrogenation is effected by heating oleic acid with alkali at 300° C. in hydrogen 
under a pressure of 30 atmospheres. 

As the reaction is not obviously catalytic, it is independent of the purity of the oil or 
tho hydrogen. Simultaneous hydrogenation and saponification, in the absenco of cata- 
lytic agents Bergius believed would probably prove a cheaper process than that in use. Com- 
menting on this process, Ellis 11 observes that it is proposed to put this hydrogenated and 
more or less saponified product directly into the soap kettle and work it up into soap. Tho 
high gas pressure required once was considered a drawback from tho commercial standpoint. 

4 Bull. Soc. Chim. 1889 [3], 1, 295. 

§ Chcm. Ztg., 1889, 595. 

• U. S. Pat. 901,905, Oct. 20, 1908; see also Bull. Soc. Chim., 1899, 695, 707. 

7 Ger. Pat. 62,407, Aug. 8, 1891. 

I French Pat. 263,158, Jan. 16. 1897. 

• Chcm. Zlg ., 1900, 566. 

l0 J.S.C.I., (1883) 98, (1884) 200. 

II Zeilscher. /. angew. Chcm., 1914, 524. 

l * Oil, Paint and Drug Reporter, Oct. 26, 1914, 18. 
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PROCE88E8 INVOLVING APPLICATION OF ELECTRICITY 

3109. In 1886 Weineck 19 called attention to the possibility of electrolytic 
addition of hydrogen to oleic acid. Kuess 14 later attempted to apply the elec- 
tric current in the steam distillation of fatty acids. 

3110. In patents taken out by Magnier, Bragnier and Tissier, 15 the fatty 
material is acidified with sulphuric acid, whereupon the acidified mass is mixed 
with 5 to 6 times its weight of water and then under a pressure of 5 atmospheres 
is subjected to the action of an electric current, which generates hydrogen in a 
nascent state. 

3111. An interesting method of converting oleic into stearic acid is that 
comprised in the de Hemptinne electric discharge process. The method is carried 
out by interposing a thin layer of the oil in the path of an electric discharge, 
while bringing hydrogen into contact with the oil. 16 

3112. Figure 26 shows the arrangement of apparatus for this purpose. The 
conversion is effected in a chamber having an inlet pipe //, furnishing hydrogen 



under constant pressure. Oleic acid is supplied by a pipe 0 to a sprinkling device 
which discharges the acid onto a system of parallel plates consisting of the glass 
plates G and alternately the metal plates M , N. The metal plates M are con- 
nected to one pole, the others, N , being connected with the other pole of a source 
of electricity. As the oil passes over the plates the electrical discharge causes 
conversion of some oleic acid into stearic acid, and analogous compounds hav- 
ing melting-points in the neighborhood of 69° C. 

3113. de Hemptinne prefers to work at pressures less than atmospheric. The 
yield is lower at atmospheric pressure. By treatment in this manner it is not 
difficult to secure a yield of 20 per cent of stearic acid. Repeated treatment per- 
mits even up to about 40 per cent yield. Here, as so often elsewhere, the effect 
of mass action becomes manifest and as the content of stearic acid increases the 
speed of reaction greatly decreases. Much better results are obtained by satu- 

"Onterr. PHvU. % 10. 400 (July 19. 1886). 

14 Chem. ZtQ., 1896, 618. 

11 Brit. Pat. 3363. 1900; Ger. Pat. 125,446, Oct. 3. 1899, and additional Gor. Pat. 132.223. 

11 U. 8. Pat. 797.112, Aug. 15. 1905; Brit. Pat., 7101. April 4. 1905. 
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rating to the extent of about 20 per cent, removing the stearic acid by pressing, 
when the oil of reduced stearic acid content is again subjected to the electric dis- 
charge, and a further 20 per cent yield obtained. The oleic residue contains 
liquid condensation products amounting to about 40 per cent of the total weight. 
It is stated that the presence of these bodies does not impair the market value 
of what some one has termed “ electrocuted ” oleic acid. 17 

3114. Petersen 18 also endeavored to reduce oleic acid to stearic acid by 
allowing an electric current to act between nickel electrodes on an alcoholic oleic 
acid solution, slightly acidulated with sulphuric acid or preferably with hydro- 
chloric acid. But the yield of stearic acid was small, even under the most favor- 
able conditions, and did not exceed 15 to 20 per cent. 

3116. Petersen also endeavored to reduce sodium oleate in aqueous or alco- 
holic solution to the stearate. No satisfactory results were obtained. 

3116. C. F. Bohringer and Sohne 19 obtained by the same method much bet- 
ter results when using, as cathodes, metallic electrodes covered with a spongy 
layer of the same metal. They recommended as cathodes platinized platinum, 
and also palladium electrodes covered with a spongy layer of palladium-black. 
Nickel electrodes were not as effective. 

3117. Bruno Waser 10 states that oleic acid or olein should be sulphonated 
and freed from free sulphuric acid before adding hydrogen electrically (cathodic 
reduction). As an example, one equivalent of oleic acid was mixed with two or 
three equivalents of 95 per cent sulphuric acid, the temperature not being per- 
mitted to advance more than 5 degrees. The mixture was allowed to stand 
twenty-four hours, was then washed with ice-cold water and dissolved in boiling 
water. This solution served as catholyte, a 30 per cent sulphuric solution being 
the anode liquid. A diaphragm separated lead electrodes. The temperature 
was maintained at 90° to 100° C. with a current density of 25 to 100 amperes 
per square decimeter, giving 60 to 70 per cent conversion to stearic acid. 

Catalytic Hydrogenation of Oils in Liquid Phase 

3118. The first disclosure of the possibility of hydrogenating oils (i.e., gly- 
cerides) in the liquid phase seems to have been in the Leprince and Siveke Ger- 
man patent 141,029 of August 14, 1902 (to Herforder Maschinenfett und Oelfa- 
brik) and in the corresponding British patent 1515 of 1903, to Normann. The 
controversy as to priority, and even as to practicability of the process so dis- 
closed, has now but a historical interest. The reader specially interested in this 
otherwise obsolete discussion will find details in the 2nd edition of this work, 
pages 7, 8, 9, and in the Appendix A, which gives an account of the litigation. 
Chapter XII of this book summarizes that part of the polemic that dealt with 
the question of nickel versus nickel oxide catalysts. 

17 While the de Hemptinne process is of negligible importance as a method of hydrogena- 
ting fatty oils, it is interesting because of its relation to the Voltol and similar processes for the 
production of lubricants dealt with in Chapter LI. 

18 Z. Elektrochemie. 1905, 549. 

If Ger. Pats. 187,788, 189,332, 1906. 

80 Ger. Pat. 247.454, March 24, 1911; Scxjm. 1913 , 661. 
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CATALYTIC HYDROGENATION OF GLYCERIDES AND FATTY ACIDS 

Experimental 

Apparatus 

3200. In his Inaugural Dissertation, Bedford describes a series of observa- 
tions made by him prior to or during 1906 on the hydrogenation of oleic acid 
and certain esters of the fatty acids of linseed oil. 1 

An apparatus as shown in Fig. 27 was used to bring oil, hydrogen and catalyzer into 
contact. The hydrogenating portion of this apparatus consisted of two communicating verti- 
cal cylinders k l k* partly filled with catalyzer and immersed in an oil bath. Oil was admitted 
to one cylinder by means of a dropping funnel while hydrogen was introduced at the bottom 



of the same cylinder through the glass tube shown on the right hand. The catalyzer was 
prepared by igniting nickel carbonate to form the oxide, forming the latter into a paste by 
moans of distilled (chlorine-free) water and adding fragments of ignited pumice of about the 
size of peas. The pumice and nickel oxide paste was well stirred, the material dried at 95° 
and reduced in the treating apparatus by exposure to hydrogen for eight hours at 275° to 285° 
C. After reduction the temperature was reduced to 170° to 180° C. and the oil to be hydro- 
genated was allowed to fall drop by drop on the nickelized pumice while hydrogen was passed 
through the apparatus. Under these conditions hydrogenation took place and the treated 
product was duly separated from the catalyzer by extraction with ether. The nickelized pum- 
ice thus freed of oil was used again after exposure to hydrogen for one hour at a temperature 
of 250° C. 

3201 . Bedford determined the amount of hydrogen absorbed by the unsaturated com- 
pounds examined by him in those investigations and expressed his results in part in terms of 
the "hydrogen number," that is, the percentage of hydrogen absorbed by the compound. 
When the catalyzer was used for the first time abnormal results were obtained, due, appar- 
ently, to the incomplete i eduction of the nickel oxide in the preparation of the catalyzer. 
After using once, more concordant results were secured. 

1 liber die unges&ttigten S&uren des Leinols und ihre quantitative Reduktion zu Stearin- 
s&ure, Halle, 1906. 
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3808. Oleic acid having an iodine number of 87.5 was treated in this apparatus and in 
one trial the reduction product had an iodine number of 4.1 and a melting-point of 64.5° C., 
while in another case the iodine number was 0 and the melting-point was 69°, indicating the 
complete transformation of oleic to stearic acid. 

3803. Pure oleic acid, according to theory, absorbs 0.714 per cent of hydrogen. This 

represents the hydrogen number of oleic acid. In two trials Bedford found 

• 

Hydrogen Percentage of 

Number Theoretical 


Found Amount 

(A) 0.7220 101.2 

(B) 0.7450 104.3 


3804. When the ethyl ester of linolenic acid was similarly treated and the hydrogenated 
product (iodine number, 0) was saponified, stearic acid of melting-point 69° C. was obtained. 

3806. The hydrogen number of the ethyl ester of linolenic acid is 1.9737 and the results 
obtained by Bedford were as follows: 


Hydrogen Percentage of 

Number Theoretical 


Found Amount 

(A) 1.9482 98.7 

(B) 2.0408 103.4 


3806. Bedford also hydrogenated the ethyl esters of the fatty acids of linseed oil (free 
from oleic acid) and obtained products having numbers ranging from 24.9 to 0. The ethyl 
ester of stearic acid was the main product of the reaction. The hydrogen number of the 
ethyl ester of linolenic acid is, as stated, 1.9737, while that of iinolic acid is only 1.3072. The 
hydrogen values found were intermediate these values. 


Hydrogen Number 


Found 

(A) 1.4544 

(B) 1.4578 

(C) 1.4441 


3807. The complete apparatus used by Bedford as shown in Fig. 27 is as follows: The 
glass container F of about 18 liters capacity is used for holding and measuring the hydrogen. 
The mouth of the container is closed with a stopper having two perforations through which 
the tubes r l and r* are inserted. The receptacle is surrounded with a metal jacket holding 
water which enables the temperatuie to be maintained at the desired point. From the con- 
tainer F the tube t loads to an intermediate vessel E. H is a funnel containing water, W is a 
wash-bottle containing sulphuric acid. Hydrogen is introduced at h* and nitrogen at h l . S 
is a glass coil cooled by liquid air which serves for the removal of the last traces of moisture 
from the gases. The catalyzer as indicated 'above is placed in the vessels k x and h*. The 
vessel B is cooled with liquid air. A calcium chloride tube b is placed intermediate the latter 
and the tube V. Copper oxide is introduced into the tube V and in this tube the hydrogen is 
converted into water and the latter is condensed in the receptacle A by chilling with liquid 
air. A calcium chloride tube is also connected with the exit of the vessel A. 

3208. A laboratory method for the hydrogenation of oleic acid is described 
by Dubovitz.* The hydrogen employed is prepared from arsenic-free zinc and 
is purified by passing it successively through a mixture of ferric oxide and saw- 
dust, potassium bichromate and sulphuric acid, sodium hydroxide solution, a 
tube containing palladium, and concentrated sulphuric acid. Nickel catalyst 
on pumice is packed into a tube 163 cm. in length. Oleic acid, dried previously 
at 110° C., is contained in a flask connected with one end of the tube. The air 

* Seifen . Ztg., 1915, 304; /. Chem. Soc., 1915, 1049; J.S.C.I . , 1916, 127. 
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is exhausted from the whole apparatus, and hydrogen is passed through the oleic 
acid heated at 270° C. The tube containing the catalyst is heated at 300° to 
350° C. The hydrogen bubbling through the oleic acid carries with it a quantity 
of oleic acid vapor (a low pressure being maintained in the apparatus) and the 
gaseous mixture passes into the tube containing the catalyzer, where hydrogena- 
tion of the oleic acid takes place. 

3209 . Successful results are said to depend on (1) the purity of the reagents 
used in making catalyzer. (2) The construction of apparatus. (3) The skill and 
experience of the chemist.* 

3210. For the reduction of oils with hydrogen under a pressure of 9 atmos- 
pheres, an apparatus was constructed by Hamburger, 4 resembling the one 
described by Stuckert and Enderli.* The influence of temperature, pressure, 
divisibility of the catalyst, and kind of oil (impurities therein) on the hydrogena- 
tion process was investigated. The hydrogenation of all pure oils with finely 
divided nickel, as a catalyst, proceeds without difficulty; the same holds true for 
fatty acids obtained from very impure oils by distillation, with steam vacuum. 
The nickel catalyst was obtained by the reduction at 260° to 300° of nickel oxide, 
which had been previously precipitated on pumice stone. It appears, according 
to Hamburger, that tungsten, molybdenum, thorium, uranium, zirconium, tita- 
nium, vanadium and manganese cannot be used as catalysts in the hydrogena- 
tion of oils. He states that the claims by Ellis 6 could not be confirmed, not even 
when a hydrogen pressure of 200 atmospheres was applied. 7 

8111. Prewar® Hydrogenation Apparatus for Laboratory Use. Steingroever 1 describes 
an autoclave of 3 liters capacity for the hydrogenation of oils under 20 atmospheres pressure. 
The autoclave, which is horizontal, is provided with agitator, thermometer, pressure gauge, 
sight glass, gas inlet and outlet and oil draw-off. The apparatus permits of continuous 
operation. 

8111. Shaking Apparatus for the Determination of Hydrogen Absorption by Oil. A 
board 8 inches square by about 1 inch thick fastened to a firm bench carries an upright iron 
rod. Mounted on the board is an electric hot plate and on the hot plate is an enamelware cup 
large enough to contain a 1-liter flask. The enameled cup and hot plate are surrounded by 
sheet asbestos for heat insulation. The flask is held in position by a clamp attached to the 
iron rod. The entire apparatus is held in a horizontal position when at rest by means of 
springs mounted at each corner of the board. The flask is closed by means of a three-holed 
rubber stopper, a thermometer being inserted in one of the holes; the thermometer should 
be long enough that its bulb is immersed in the oil and that the graduations on the ther- 
mometer from 180° C. upwards project above the top of the stopper. Quarter-inch glass 
tubing is connected with the hydrogen supply at one end and projects under the surface of the 

* Seifcn. ZtQ. % 1915, 398, contains Normann’s comment on Dubovitz apparatus and 
method. 

4 Chem. Weekblad, 1916, 13. 2-13; Chem. Abe ., 1916, 826. 

* A bomb provided with a stirrer for the intimate mixing of a liquid and gas under high 
pressure and temperature, designed to keep the liquid saturated with the gas as the reaction 
proceeds. A form of valve for reducing pressures is also described. (Z. Electrochem ., 19, 
570.) 

•U. 8. Pat. 1,026,156, May 14, 1912. 

7 The observations of Hamburger are not in agreement with the results of other investiga- 
tors. A number of the bodies described by Hamburger as having no catalytic properties have 
been found to serve as activators or co-catalysts in conjunction with nickel and the like. 
Some of these are especially active in high-pressure hydrogenations. 

1 Z. dcut. Od-FeU-Ind ., 1926, 46, 338. 
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oil except during the preliminary flushing with hydrogen. An outlet tube just projects 
through the stopper and is connected with a bottom outlet aspirator bottle by means of rub- 
ber tubing. This has a tee rather close to the aspirator bottle which serves as an outlet for the 
hydrogen not absorbed when flushing out the flask and during the five-minuto running 
periods. The aspirator bottle is filled with water having an oil layer about 2 inches deep 
floating on top. The layer of oil serves to prevent the hydrogen from taking up water and 
should bo of this depth to prevent the water coming up far enough to wet the sides of the 
bottle which come in contact with the hydrogen supply. The bottom outlet of the aspirator 
bottle is connected with a 100-cc. buret which serves to measure the volume of hydrogen 
absorl»cd. 

3213. Operation of the Apparatus. 250 g. of prime summer yellow cottonseed oil is 
weighed out in the flask : 1.25 g. of catalyst, based on the nickel content, is then added to the 
oil and the temperature of the oil brought up to 180°- 190° C. The hot plate is regulated so 
as to maintain the temperature of the oil between 180°- 190° C. After the oil has reached the 
desired temperature a strong stream of hydrogen is passed for thirty seconds to flush the air 
out of the flask and replace it with hydrogen. During the flushing of the flask the outlet on 
the tee in the outlet line is open. When a reading is to be made the rubber tubing on the out- 
let of the tee is closed by means of a screw clamp, the hydrogen inlet is pushed well down, and 
a measured quantity of hydrogen is allowed to flow into the aspirator bottle. It is necessary 
to have the water and the oil in the aspirator bottle completely fill the bottle and it is advisable 
to fill and empty the aspirator bottle with 100 cc. of hydrogen several times in order to flush 
out the tube between the tee and the aspirator bottle. The measured quantity of hydrogen 
is then allowed to flow into the bottle and the apparatus shaken back and forth. The time 
required to absorb the 100 cc. of hydrogen is taken by means of a stopwatch. The outlet 
tube on the tee is then opened and a slow stream of hydrogen allowed to pass for a period of 
five minutes when the time required to absorb 100 cc. of hydrogen is again determined, the 
results being plotted. 

3214. In preliminary experiments a thermometer measured the temperature of the gas 
in the flask as well as the oil and there was also a thermometer inserted in the aspirator bottle 
to measure the temperature of the gas there. It was, however, found unnecessary to measure 
these temperatures as the temperature of the gas in the flask was about 2° lower than the 
temperature of the oil, while the temperature of the gas in the aspirator bottle was about room 
temperature. The slight variation of the temperature of the gas in the aspirator bottle, which 
is really the temperature of the gas that is absorbed, is so small during the course of a day’s 
run that it does not make much difference in the results. The gas in the aspirator bottle is 
measured by leveling the liquid in the aspirator bottle and maintaining the levels of the 
liquid throughout the absorption until the 100-cc. point is reached when the time is taken. 
A reducing valve with needle valve is used for regulating the flow of hydrogen into the flask. 
The flow of hydrogen during the five minutes’ running time is measured by the eye, i.e., by the 
way the bubbles come through the oil. A very rapid flow makes little difference in the curve 
plotted. A too slow flow, however, say 100 cc. per minute through the oil, docs make some 
difference, owing to the fact that the catalyzer settles to a certain extent in the oil. A flow of 
about 500-1000 cc. per minute is suitable. It requires two operators to take the readings, 
one to shake the apparatus and note the time required to absorb the hydrogen and the other 
one to level the liquids in the buret and the aspirator bottle. 


3215. Some manufacturers of oil-refining machinery make miniature plants 
with which all the operations of refining, deodorizing and hydrogenation can be 
carried out on an experimental scale. 

3216. Hydrogen Value: Method and Apparatus. The hydrogen value is 
proposed by Fokin ' as a means of determining unsaturated organic compounds 
in a manner similar to the iodine values of Hubl and Wijs. The “ hydrogen 
value ” of an organic compound is defined as the number of cubic centimeters 
of hydrogen (at 0° C. and 760 mm.), which are absorbed by 1 g. of the com- 
pound. For the test an apparatus is devised consisting of a distillation flask (50 
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to 150 cc.) having a small beaker fused inside on the bottom, and connected by 
means of the side tube to a gas buret and a gasometer containing hydrogen. 
In the small beaker is placed about 0.1 g. of catalytic platinum, moistened with 
i cc. of water, and in the flask the substance to be examined and 20 to 30 cc. 
of alcohol free from dissolved oxygen. Hydrogen is admitted and the flask is 
shaken by a shaking machine until absorption is complete. The following hydro- 
gen values were obtained by Fokin, the figures in parentheses being either the 
hydrogen values corresponding with Wijs’ iodine value, or, where indicated, the 
theoretical hydrogen values. Elaidic acid, 78.6 to 81.4 (78.8); oleic acid, 86.2 
to 87.2 (86.2); fatty acid from sunflower oil, 119.6 to 120.8 (122.9); fatty acids 
from linseed oil, 164.9 to 166.3 (166.0); castor oil, 73.7 (75.5); croton oil, 260.9 



Fio. 28. — HYdroqination Equipment. 

Catalyst prepared in the reducing furnace and tank shown at the extreme left is pumped 
to a mixing tank, above and a little to the right. From here the oil mix is pumped into a 
converter, and there hydrogenated. This mixture is pumped through a filter press and the 
clear product is run into a hardened oil storage tank, preparatory to being fed over a roll, 
where the product is cooled and obtained in flake form. After a batch has been run through 
the filter press, the latter is opened and the catalyst dropped into the catalyst mixing tank. 
In this way the same catalyst may be used many times if well-refined oils are being subjected 
to hydrogenation; (Courtesy of the All bright^ Nell Company.) 

(theoretical, 258.4); undecoic acid, 115.6 (114.1); erucic acid, 39.4 (65.6). Colo- 
phony does not absorb hydrogen under the conditions of the test. 9 

3217 . The determination of the hydrogen number is described by Albright 10 and although 
his investigations are concerned mainly with essential oils, the data secured are of interest in 
connection with the examination of fatty oils. A form of colloidal palladium was used as a 
catalyst 11 and a method of preparing material of this character is given by Albright. 

3218 . The apparatus used by Albright, which is shown in Figs. 29 and 30, is similar in 
principle to that devised in the organic laboratory of the University of Gottingen. Its funda- 

• /. Rues. Phys. Chan. Soc., 1908, 40 , 700; J. Chem. Soc., 1908, Abst. ii, 637. 

10 J. Am. Chem. Soc., 1914, 2188. 

11 Paal and Ambcrger, Ber., 1904, 37, 124. 
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mental parts are the camshaft, carrying four eccentrics; the shaking baskets A , attached to 
the cams and suspended from pulleys on a supporting rod; the absorption flasks £, which 
are placed in the wire baskets; the gas buret connected by means of a T-tube both with the 
source of hydrogen and with the absorption flask. Power is supplied by a \ horsepower motor 
belted to the camshaft. When in operation, the shaft has a speed of about 200 r.p.m. Hydro- 


£ 



gen is supplied from a Kipp generator, or from a steel cylinder and is purified by being passed 
through a large wash bottle containing alkaline saturated permanganate and is washed with 
water at each gas buret by a separate wash bottle. 

8219 . Manipulation. The manipulation of a reduction is as follows: The air is first dis- 
placed from the entire apparatus by passing through it a current of hydrogen, after removing 
the stopper C, and lowering the reservoir D, so that sufficient water remains to form an air 
trap at the lower bend of the buret. The levels in both arms of the U-tube are then equalised 



at the zero mark. The three-way stopcock E, is then closed, the stopper C, which had been 
replaced during the flushing of the buret with hydrogen, is removed, and 0.02 g. dry colloidal 
palladium introduced while a current of hydrogen is passing through. Then 60 cc. of 50 per 
cent alcohol are added, the stopper replaced, the stopcock closed, the three-way cock E 
momentarily opened to the air to equalize the pressure in the apparatus with that of the atmos- 
phere, and the flask shaken until no more hydrogen is absorbed. In this way the errors due 
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to (1) absorption of hydrogen by the catalyzer, (2) solubility of the gas in the solvent, and (3,1 
consumption of hydrogen by oxygen dissolved in the solvent, are removed from consideration. 
The buret is again filled to the zero mark with hydrogen and the shaking flask tilted until the 
palladium solution has drained from the ooncave "substance table" G. The substance under 
investigation is dropped into this table from an oil pipet (weighing bottle), again preventing 
the entrance of air by maintaining a current of hydrogen through the apparatus. The purpose 
of this "substance table" is to prevent contact between the catalyzer and substance under 
examination until the operator is ready to start the experiment. The stopper C is replaced, 
the cock is closed and the cock E opened momentarily to the air again. Connection is then 
made by the same stopcock between the shaking flask and the buret and the macliine is at 
once set in motion. The absorption of hydrogen is carefully watched, maintaining the same 
water level in each side of the buret by regulating the flow of water from the reservoir. When 
the reaction is finished, a decided and abrupt decrease in the rate of absorption occurs. On 
the accuracy of the observation of this point depends the accuracy of the determination. The 
end-point may readily be found otherwise by noting the buret reading at frequent intervals, 
e.g., every fifteen seconds, and plotting volume against time on coordinate paper, when the 
break in the resulting curve will give the desired result. This point was found by drawing a 
straight line through the first points, then connecting with a smooth curve those points which 
lie at the right. The juncture of the straight line representing the main reaction, with the 
curved line representing absorption of hydrogen by secondary substances, if taken as the end- 
point. 


3220. A method of determining the hydrogen value has been described by 
Waterman, Perquin and van Westen 13 which is said to permit of high precision. 
It is applicable even to substances having a high vapor pressure. Error due to 
occlusion of gases by the catalyst has been eliminated or reduced to a negligible 
minimum. The presence of oxygen in the hydrogen has also been prevented. 

3221. The method for the determination of the hydrogen value mentioned 
in the foregoing paragraph has been applied to elaidic, linoleic and stearolic 
acids. The observations with elaidic acid are considered as standard measure- 
ments. It has been shown that A 9,11 linoleic acid contains 2 double linkings. 
This fact proves that the abnormal behavior of thiocyanogen toward linoleic 
acid cannot be explained by the hypothesis of a triple and a double linking in 
this acid. The linoleic acid and the stearolic acid both consumed the theoretical 
quantity of hydrogen, viz., 2 mols of hydrogen per mol of the unsaturated fatty 
acid. The hydrogenation product in each of the 3 determinations was pure 
stearic acid. 13 

3222. Thiocyanogen Number. The mention in paragraph 3221 of the behavior 
of linoleic acid with thiocyanogen is a reference to results reported by Kauf- 
mann. 14 Kaufmann has introduced the “ thiocyanogen number ” as a chemical 
constant of unsaturated compounds and has applied it extensively to unsatu- 
rated fatty acids and their glycerides. 16 

3223. Thiocyanogen can be obtained free in solution by treating lead thio- 
cyanate with bromine in presence of a suitable solvent, or by acting on a solu- 
tion of lead tetra-acetate in glacial acetic acid with thiocyanic acid in excess of 
the quantity required by the equation: Pb(O a C-CHj) 4 + 4HCNS = Pb(CNS) t 

13 1928, 47, 363T. 

13 Waterman, Bertram and van Westen. J.S.C.I., 1929, 48, 50T; C. L., 1929, 23, 2311. 

14 Arch. Pharm ., 1925, 283, 675; Brit. Chem. Abal., 1926, 165B. See para. 3226. 

14 Kaufmann and Gaertner, Ber ., 1924, 57B, 928; J. Chem. Soc. Abet., 1924, i, 840 (titra- 
tion method) : Kaufmann, Bcr., 1926, 59B, 1390; C. A., 1926, 20, 2989 (application to tung oil). 
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+ (SCN) a + 4CHrC0iH. In the latter case lead thiocyanate is precipitated 
and thiocyanogen remains in solution. 

3224. For the preparation of volumetric solutions of thiocyanogen preferably 
anhydrous acetic acid is used because it affords the most stable solutions. Car- 
bon disulphide, chloroform, ether, methyl alcohol and other solvents, though 
chemically saturated, form solutions of thiocyanogen which rapidly lose their 
strength. 

3226. The thiocyanogen number, sometimes called the “ rhodanometric ” 
number, is expressed in terms of the iodine value. The usual titer of the solutions 
used is 0.05# or 0.1#. An excess of thiocyanogen (100-150 per cent) is used. 
After the reaction the excess is determined by agitation with twice the estimated 
quantity of potassium iodide, dissolved in water, and titrating the liberated 
iodine. Alcoholic sodium iodide solution may be used where the end-point is 
obscured by the presence of thiocyano compounds. 

3226. A series of such rhodanometric determinations has been made on fats 
and oils. The results are expressed as if iodine had been used. In the list R 
denotes the thiocyanogen number, I, the (determined) iodine number (Hanus). 
The period of interaction is given. 


Oil 

Reaction Period 

R 

I 

Castor 

0-12 hours 

81.6 

82.6 

Olive 

5 hours 

76.6 

80.8 

Peanut 

12-15 hours 

72 2 

88.1 * 

Almond 

14 hours 

84 5 

97 7 t 

Rape 

5 hours 

77.4 

105 9 

Sesame 

7 hours 

75 5 

108.9 

Linoleic glyceryl ester 


82.5 

169. { 


* Mean of three. t Mean of two. t C/., para. 3221. 


3227. With purified fatty acids the following results were obtained. 


Fatty acid 

R 

I 

Oleic 

90.6 

90 6 

Klaidic 

81.5 

81.6 

Erucic 

73.7 

74 

Brassidic 

73.2 

73.8 
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Experimental Researches 


Synthetic Esters of Oleic and Other Fatty Acids and their Hydrogen- 
ated Products 

3228. In 1906 Bedford 16 studied the esterification of linolic and linolenic 
acid and the hydrogenation of these esters in the presence of finely divided nickel. 

3229. Methyl eaters derived from thickened linseed oil were hydrogenated by Morrell, 17 
who employed colloidal palladium aa a catalyzer. Stearic add in good yield waa obtained 
from the products of hydrogenation. 

3230. The methyl, ethyl, propyl, isobutyl, amyl, benzyl, and glyceryl esters of oleic acid 
were prepared in the author’s laboratory. 1 * They were all liquid at the ordinary temperature 
and yielded practically saturated products when hydrogenated in the liquid state, at an 
increased temperature, in presence of reduced nickel. The nature of the alcohol did not seem 
to have much effect on the rate or degree of hydrogenation. A product derived by heating 
oleic acid and aniline was found to hydrogenate readily to form a very hard product. 

3231. Hydrogenation of Methyl Oleate. A portion of methyl oleate containing 1 per 
cent of finely divided metallic nickel (reduced for fifteen to twenty minutes in a stream of 
hydrogen at 320° to 350° C.) was treated for about two hours at about 180° to 200° C. with 
hydrogen which was simply allowed to bubble through the liquid aa a brisk stream, thereby 
maintaining the catalyzer in suspension. The solid product obtained after filtration was 
white and crystalline. It had an iodine number of 0.4 and melted at 37° C. 

3232. Ethyl Oleate. Ethyl oleate containing 1 per cent of metallic nickel (reduced for 
fifteen minutes in a stream of hydrogen at 320° to 350° C.) was exposed to a rapid current of 
hydrogen for about two hours. The oil was filtered through an ordinary filter paper in the 
hot oven. The product melted at 31° C. Its iodine number was 5.3. 

3233. Propyl Oleate. The hydrogenation in this case waa carried out under conditions 
practically identical with those employed in the hydrogenation of methyl and ethyl oleate. 
The hardened oil had an iodine number of 1.3. It melted at 27° C. 

3234. Isobutyl Oleate. The ester was hydrogenated for about two hours in the presence 
of 1 per cent metallic nickel (reduced for fifteen minutes at 320° to 350° C.). The temperature 
of hydrogenation was 180° to 200° C. The hydrogenated product was soft and translucent 
and distinctly crystalline. It somewhat resembles crude paraffin. It had an iodine value of 
0.2 and melted at 25° C. 

3235. Amyl Oleate. This ester was hydrogenated under conditions similar to those 
employed above. The hydrogenated product was soft and non-homogenoous, consisting of a 
liquid oil and a crystalline body. It had an iodine value of 1.7 and melted at 22° C. 

3235. Glyceryl Oleate. Oleic acid (56.4 g.) and 18.4 g. glycerine were heated for five 
hours at 240° C. with continuous stirring. The oily product was washed several times with 
warm water and dried. Its acid number was 0.6. In cool weather a crystalline body formed 
which rendered the ester opaque. The iodine number of the product was 69.4. Pure glycerol 
mono-oleate has an iodine number of 71.3. The ester was hydrogenated in the usual way. 
Treatment with hydrogen for about two hours at 180° to 200° C. gave a product which melted 
at 59° C. and possessed an iodine number of 6.5. The hydrogenated product was similar in 
appearance to a good grade of hardened cottonseed oil, except that it was somewhat darker 
in color. 

3237. Benzyl Oleate. Hydrogenation in the presence of finely divided reduced nickel 
gave a product which had an iodine value of 6.3 and a melting-point of 2S° C. 

3238. Oleic Acid and Aniline. Aniline (24.4 g.) and 37 g. oleic acid were heated under a 
reflux condenser for four hours at 170° to 190° C. The mixture darkened considerably. It 


11 Ober die Unges&ttigen S&uren des Leinols," Dissertation, Erlangen, 1906; Ber., 42, 
1909, 1324. 

17 J.S.C.I . . 1915. 107. 

18 /. Ind. Ena- Chem. t 1916. 1105; J.S.C.I ., 1917, 39; C hem. Abet. t 1917, 218. See also 
U. S. Pat 1,227,708, Sept. 3, 1928. 
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was steam-distilled until the distillate was free from aniline. The acid number of the steam- 
distilled product was 30.5. It became solid on standing. The substance was treated with a 
solution of sodium hydroxide and washed free from alkali and sodium oleate. The acid number 
of the product was reduced to 3.6. The product melted at 34° C. It was dark brown in color 
and had a greasy feel. The material was hydrogenated for two hours at 190° to 200° C. in the 
presence of 1 per cent finely divided reduced metallic nickel. The hydrogenated product 
was filtered in the hot oven. It had an iodine number of 30.5. The iodine value of the unhy- 
drogenated substance was 69.5. The iodine valuo of oleic anilide is 71.6. The product melted 
at 76° C. and was very hard and brittle. 

3239. A tabulation of these results follows. 


Ester 

Acid Number 

Iodine Value 

Hydrogenation Product 

M.p. 0 C. 

Iodino Value 

Methyl oleate 

1.3 

87.0 

37 

0 4 

Ethyl oleate 

0.0 

83.3 

31 

5 3 

Propyl oleate 

0.5 

77.9 

27 

1.3 

Isobutyl oleato 

0.4 

75.7 

25 

0.2 

Amyl oleate 

0.7 

71.3 

22 

1.7 

Benzyl oleate 

0.7 

62 3 

28 

6.3 

Glycerol mono-olcate 

0.6 

69.4 

59 

6.5 

(Anilino compound) 

3.6 

69.5 

76 

30.5 


3240. Methyl Oleate, Erucate, Cetoleate and Clupanodonate. Ueno and Kuzei have 
timed the hydrogenation of these esters of acids of different degrees of unsaturation: The 
ester (0.5 g.) was hydrogenated in solution in glacial acetic acid or ethyl alcohol in the pres- 
ence of platinum-black. Methyl oleate and erucate were found to require nearly equal lengths 
of time for complete hydrogenation; methyl erucate and cetoleate required less time than 
methyl clupanodonate. It is concluded that the length of time required for the complete 
hydrogenation is nearly equal for all those members of normal unsaturated acids that belong 
to the same series and have nearly equal molecular weight, but for acids of different degree of 
unsaturation the time required depends entirely on the degree of unsaturation, being longer 
as the acid is more unsaturated. 1 * 

3241. In hydrogenating the methyl esters of highly unsaturated acids from sardine oil, 
Toyama and Tsuchiga l9a found a difference in the course of the reaction depending on the 
nature of the catalyst. With a platinum-black catalyst solid fatty acids commenced to be 
formed from the beginning of the hydrogenation: with nickel, the highly unsaturated acids 
wore reduced to the oleic acid stage before any solid acids appeared. It is to bo noted that the 
work with platinum was done at room temperature. 

3242. Hydrogenation of Methyl Palmitoleate. The proof that the palmi- 
toleic acid of whale oil is derived from ordinary palmitic acid (n-hexadecoic acid) 
was furnished by the hydrogenation of 67 g. of the pure methyl ester (i.e., 0.25 
molecule) in the presence of reduced nickel at 170° C. The acid produced by 
hydrolysis of the distilled ester was crystallized from 85 pgr cent alcohol, when 
it melted at 62.5°. This melting-point was unchanged when the acid was mixed 
with an equal weight of pure palmitic acid. There is, therefore, no doubt that 
the palmitoleic acid of whale oil is a hexadecenoic acid, containing no branched 
chain of carbon atoms. (Armstrong and Hilditch, J. Soc. Chem. Ind. f 1925, 44 , 
185T). 

J. Soc. Chem. Ind. (Japan), 1927. 30, 268; Bril. Chem. Abst. % 1928, 272A. 

If * Chem. Umschau, 1929, 36, 49; Chem. 1929, 23, 2586. 
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Hydrogenation op Glycerides 

3243. Hydrogenation of Fatty Oils with Palladium Catalysts. Nord ( Z . 
angew . Chem., 1919, 32, 305; J. f 1919, 913A) studied the hydrogenation of oils 
using palladium from palladium chloride as a catalyst. In view of the high cost 
of palladium this method is not likely to supersede the common one employing 
nickel. The only advantages it offers are that hydrogenation takes place more 
rapidly and at a much lower temperature. Nord states that when castor oil 
is hydrogenated by this method the hydroxyl groups are split up, whereas the 
results of others, using nickel as a catalyst, indicate a temperature of 200° is 
necessary before the hydroxyl group is affected. 10 In using colloidal palladium 
it is necessary either to employ a solvent or to emulsify the oil with such an agent 
as gum arabic. Gum tragacanth is less suitable.* 1 

3244. Completely hydrogenated fats have been prepared by Mannich and 
Thiele ** by the aid of a charcoal-palladium catalyzer carrying 2 per cent palla- 
dium in a container surrounded by an asbestos jacket and maintained at 100°. 
The catalytic material is subsequently and completely removed by filtration, 
yielding a product free from all contamination, an advantage stated to be not 
possessed by the colloidal reduction process. This method can with equal facility 
be carried out in a solvent medium. The oils operated upon and the constants 
of the resulting fats are given below: 


Oils 

Melting- 

point 

Iodine No. 

Saponification 

Number 

Melting-point 
of Insoluble 
Fatty Acids 
(Hehner) 

Olivo 

70° 

0.2 

190.9 

71 0° 

Almond 

72° 

0.0 

191.8 

71.0° 

Peanut 

•64°-64 5° 

0.0 

191.6 

07.0° 

Sesame 

68.5° 

0.7 

190.6 

69 5° 

Cacao butter 

63 5°-64° 

0.0 

193 9 

65 5° 

Poppy 

70.5° 

0.3 

191.3 

71 0° 

Linaeed 

68° 

0.2 

189.6 

70 5° 

Tallow 

62° 

0.1 

197.7 

64 0° 

Lard 

64° 

1.0 

196 8 

62.0° 

Cod liver 

63° 

1.2 

186.2 

59.0° 


A chloroform solution of the hydrogenated cod-liver oil gave no coloration 
with sulphuric acid: this is not, however, a necessary result of complete hydro- 
genation of cod-liver oil. 

3245. A thorough study of the results of partial hydrogenation of cottonseed 
oil has been made by Moore, Richter, and Van Arsdel.* 1 They state that inves- 

10 Quoted from Applied Chem. Rep. S.C.I., 1919, 4, 298. 

11 Funk and Dubin, U. S. Pat. 1,649,520, 1927, use this method for cod-liver oil. See also: 
Abstract* in Chem. Abet. 1920, 14, 853; Chem. Ind., 1919, 913 A, and comments by Skita, Z. 
angev*. Chem. 1920, S3, Au iat*teil, 72, Chem. Abet., 1921, 10, 2734. 

“ Ber. pharm. Gee., 1916, SO, 36; Chem. Abet., 1916, 2158; J.S.C.I. , 1916, 548. 

** /. Ind. Eng. Chem., 1917, 451. 
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tigations heretofore have considered the unsaturated components as a whole, 
rather than as individual units and that they have studied the physical and 
chemical changes which take place in oil during the process of hydrogenation, 
particularly changes in the amount and character of the various fatty glycerides, 
and the effect of variable factors, such as temperature and pressure. 


I. Hydrogenation Curves 


3246. For the study of the glyceride changes during hydrogenation, the testa made on 
samples included iodine number and iodine number of liquid fatty acids, calculation giving 
the "component glycerides" (olein, linolin and saturated glycerides) of each sample. The 
smooth curves drawn through the points plotted on triangular diagrams always, in the cases 
studied, had the same general shape, suggestive of the hyperbola, concave toward the right- 
hand side of the triangle. The linolin is always found to decrease from that present in the 
original oil and the saturated glycerides always increase, while the olein rises to a maximum 
and then falls continuously. These changes are what would be expected, since hydrogenation 
must cause linolin to disappear, forming olein, while olein, hydrogenating more slowly, would 
at first increase and then eventually disappear, forming stearin, a saturated glyceride. The 
shape of the curve depends upon the relative velocity of these two actions, and it appears that 
this relative velocity must be subject to important variation, according to the experimental 
conditions. 

3247. Effect of Temperature. The result obtained in Fig. 31 may be interpreted as 
follows : while both linolin and olein were hydrogenated faster at the high temperature than 
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Fig. 31. — Runs A and B. 


Fio. 32. — Runs C and D. Fio. 33. — Runs C and E . 


at the low temperature, relatively linolin was hydrogenated much faster at the high tempera- 
ture, so that the olein had a greater tendency to accumulate under the latter conditions. In 
other words, lx>th unsat united radicals are acted upon in both cases, but at the higher tempera- 
ture the more highly unsaturated one comes nearer to being singled out for hydrogenation than 
at the lower temperature — the action is more "selective." This would be the case if, for 
instance, the tcmj>eraturo coefficient of the reaction linoiin-olein is greater than that of the 
reaction olein-stearin, but in view of the complicated nature of the glycerides which are actu- 
ally present that explanation is doubtless too superficial to be the entire truth. 

3248. Effect of Pressure. The influence of the hydrogen pressure upon the course of 
the hydrogenation may be illustrated by Runs C and D (Fig. 32). 

Increasing the pressure is here seen to have the opposite effect to increasing the tempera- 
ture, so that at a high pressure the action is less "selective” than at a low pressure. An 
obvious corollary of this conclusion is that it would appear to be possible to duplicate at high 
pressure and high temperature a curve obtained at low pressure and low temperature, while 
the reaction as a whole might be made to proceed many times as fast in the former experi- 
ment as in the latter. 

3249. In this case again a tentative "mechanism” may be put forward. It should first 
be noted that the occasional hydrogenation of a linolin chain clear to stearin instead of only 
to olein would have the same apparent effect as would an increase in the relative velocity of 
the olein-stearin reaction. Now if an increase in hydrogen concentration at the catalyzing 
surface (such as would bo produced by increased pressure) caused an increase in the number 
of linolin chains to which 4 atoms of hydrogen were added at once, the observed effect would 
follow. 


Table or Test* fob Hydrogenation Curves, Employing Cottonseed Oil 

ions: LFA, liquid Fatty Acida; SG, Saturated Glycerides; 01. Olein; Lin., Lino] 
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3251. Influence of Percentage of Catalyzer. The influence of percentage of catalyzer 
was illustrated in Experiments C and E (Fig. 33). In this case the observed result, which 
shows a divergence in the same direction for increased percentage of catalyzer as for increased 
pressure, seems to be at variance with what is commonly understood to be a law of cata- 
lytic reactions, namely that if the amount (or surface) of the catalyzer be increased, all of 
the reactions involved will be speeded up by exactly proportional amounts. In this case, one 
reaction (olein-stearin) appears to be accelerated more than the other. The scheme advanced 
in the preceding section may be made to give a satisfactory explanation; in that section the 
concentration of hydrogen at the catalyzing surface was taken to be the controlling factor. 
Now increasing the percentage of catalyzer must increase this concentration, for the average 
distance between a catalyzer particle and the hydrogen bubble-surfaces is made smaller, 
thereby decreasing the lag between the “demand” for hydrogen at the catalyzer surface, 
and the “supply,” which must bo kept up by the processes of solution and diffusion. Thus 
an increase in percentage of catalyzer would cause an increase in the formation of stearin 
relative to the change in linolin, as in the two curves reproduced above. 

3252. Effect of Agitation. The influence of degree of agitation on the path of hydro- 
genation was determined first by comparing Experiments C and F (Fig. 34), in which an iron 
apparatus with mechanical agitator was used. “Degree of Agitation” is a magnitude which 
is not easily expressed in quantitative form, but the revolutions per minute of an agitating 
device may serve as an index of the agitation, as least for moderate speeds. 

3253. Another pair of experiments carried out in the glass flask, bubbling hydrogen, con- 
ditions were identical in both experiments except that in Run H, the hydrogen was bubbled 
through the flask at approximately twice the rate used in Run G (Fig. 35). 



Percent Saturate* 0»yc«r.ne» 

Fio. 34. — Runs C and F . 


& 



so:#:*:*:#: 


10 to M 44 M «0 * e* *» «tOM40S0M1OMM 

Porter* botwroteo Wytonnei PmtM ^wra««0G»yttr%ne» 

Fio. 35. — Runs G and H. Fio. 36. — Runs I and J. 


3254. In both pairs of experiments the influence of increased agitation is shown to be the 
same as that of increased pressure or per cent catalyzer, and in the case of Runs G and H the 
variation in the curves is striking. The effect of doubling the volume of gas supplied, when 
the bubbling is already vigorous, may well bo to increase the true “agitation” many times. 
On the other hand, doubling the revolutions per minute of a mechanical agitator possibly does 
not even double the agitation, since at high speeds there is a strong tendency for the whole 
body of oil to rotate without much disturbance. 

3265. It may readily be seen that the “mechanism” suggested in the preceding section 
applies to the present case just as well, since the effect of increasing the agitation is to increase 
the number and surface of hydrogen bubbles and also to decrease their average distance from 
catalyzer particles. 

3256. Size of Apparatus. The size of the apparatus in which the hydrogenation is car- 
ried out apparently does not affect the path of the hydrogenation as appears from the data of 
Runs I and J (Fig. 36). It is of course, not certain that 135 r.p.m. produces the same “degree 
of agitation” in both cases; if the agitation is really better at this speed in the large machine, 
the effect of the increase in size on the path of hydrogenation is in the opposite direction to 
the effect of increased agitation. 

3257. Influence of Material of Catalyst. When some other catalyst than nickel is used 
as in Experiment K % in which 1 per cent palladium (in PdClj, method of Paal patent ***) acted 
as catalyzer, the hydrogenation curve is found to have the same general characteristics as 

Carl Paal, U. S. Pat. 1,023,753, April 16, 1912. An equivalent amount of solid NasCOa 
is used as a neutralizing agent. 
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those described before. Bubbling apparatus was used, a temperature of 135° C. and atmos- 
pheric pressure. No experiment using nickel catalyier is available to compare directly with it. 


Experiment with Palladium as Catalyzer 


Run Sample 

Iodine Number 

Percentages Calculated 

Fat 

Liquid Fatty 
Acid 

Saturated 

Glycerides 

Olein 

Linolin 

Ko 

108.4 


20.6 

33.5 

45.9 

1 

89.1 


25 5 

46 0 

28.5 

2 

76.6 

113.1 

29.2 

52.8 

18.0 

3 

64.5 

97.1 

30.6 

63.8 

5.6 

4 

53.0 

90.3 

38.6 

61.3 

0.1 


3258. Summary of Hydrogenation Curves. To summarize the conclusions from the 
preceding experiments, it appears that the chemical character of a partially hydrogenated 
oil is determined by the conditions of the hydrogenation. Thus to obtain a product of the 
same iodine number as another but relatively higher in saturated glycerides and linolin, the 
operating conditions should compare as follows with those in the other case: temperature 
lower, pressure higher, agitation more violent and percentage catalyzer greater. It is inter- 
ing to note that it is possible to hydrogenate the linolin to olein with only the slightest increase 
in saturated glycerides by operating at a high temperature, low pressure and low agitation, 
and using only a small amount of catalyzer. 


II. Changes in Chemical Constants of Oil During Hydrogenation 

3259. Of all the “chemical constants” of cottonseed oil, the iodine number (with its 
variations, the “hydrogen number,” Maum6n6 number and heat of bromination), is the only 
one which is changed markedly by hydrogenation. Saponification value, acetyl value, 
Reichert-Meissei number and percentage of free fatty acids change either not at all, or only 
slightly. 

3260. The drop in iodine number, however, is one of the most striking effects of hydro- 
genation, and it has been commonly used in the past to indicate the progress of the reaction.* 4 
Fokin concludes, from a study of the hydrogen absorption, that “the reduction procedure is 
included in the category of monomolecular reactions,” but notices that the curves “often 
show a straightening out toward tho abscissa axis.” He comes to the conclusion that the con- 
ditions which determine the shape of the curve are: (a) the velocity of diffusion of the gas 
(presumably through the oil); (6) the condition of the catalyzing surface; and (c) the pres- 
ence of catalyzer poisons. Very similar conclusions were published by Baeseken,* 4 * but most 
of his work was on organic compounds of lower molecular weight than the oils. 

3261. Pressure. Early investigators appreciated the fact that the hydrogenation react- 
ion is accelerated by pressure, and Moore, Richter and Van Arsdcl state that, so far as is 
known, all of the commercial oil-hardening processes are carried out at gas pressures ranging 
from 20 to 150 lb. or even higher. Comparison of the two curves of Fig. 37 shows that the 
time required to reduce the iodine number of the oil to any specified figure is roughly cut in 
half by doubling the pressure, i.e., in these experiments the rate of hydrogenation was approxi- 
mately proportional to the hydrogen pressure. 

3262. Temperature. It is likewise well known that the hydrogenation reactions in oil have 
a primitive temperature coefficient, i.e., the rate is greater the higher the temperature, although 
the thermal decomposition of tho oil sets an upper limit to the available range at about 250° C. 
The hydrogenation reactions in oil have a positive temperature coefficient in the range between 

* 4 Paal-Roth., Ber., 41, 2282-2291; Fokin, Z. angcro. Chem., 22, 1451-1459, 1492-1502; 
Bomer, Z. Nahr. Genus sm., 24, 104-113. Paal and his co-workers, and Fokin recorded the 
volume of hydrogen absorbed at various stages of tho process, thereby determining directly 
the amount of saturation which had taken place, instead of indirectly by means of the iodine 
number. 

* 4- Rec. tra r. chim. t 1916, 35, 260-287. 
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35° and somewhat above 200° C. — possibly up to 240° C., but as may be seen from a study of 
the curves of Fig. 37a, this coefficient drops consistently as the teipperature rises. Thus for 
the range of temperatures 35° to 125° the time required to reach a certain iodine number is 
on the average decreased about 35 per cent for each 10° rise in temperature, while for the 
range 160° to 200° this coefficient is less than 20 per cent. Since the commercial processes 
nearly all operate at temperatures of 160° to 180°, it is evident that no material gain in time 
could be made by the use of higher temperatures, and the point of maximum economy is 
probably being realised. 
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3263. Agitation. The increase in velocity of reaction due to increased agitation of oil 
and catalyzer with hydrogen is shown in Fig. 376. In this case an increase of about 100 per 
cent in the volume of hydrogen supplied increased the velocity of the reaction 800 to 1000 
per cent. In apparatus of this typo handling charges of commercial size it is not usual to 
cause such violent agitation as is easily brought about in a 2-liter flask, and it is doubtful 
whether doubling the hydrogen supply would, on a large scale, more than double the reaction- 
rate. The importance of efficient agitation, or of intimate commixture of the oil, catalyzer 
and hydrogen, has apparently been realized by nearly all of the 
workers in this field, as witness the patent files, but there is no 
observation recording such a great increase in agitation as the 
above, brought about by such simple means. 

Catalyzer. As in practically all catalytic reactions, the speed 
of hydrogenation is increased as the percentage of catalyzer 
is raised. The time required to reach a given iodine number is 
roughly proportioned to the percentage of catalyzer (Fig. 38). 

Considerations of outlay required for catalyzer preparation and 
recovery limit the amount used in commercial batch processes, 
however, to 1, or at most, 2 per cent. When a very good grade 
of refined oil is used, as little as 0.1 per cent nickel is common 
practice, high pressure and agitation being relied upon to reduce 
the time consumed. 

3364. Summary of Iodine Number-time Curves. To sum- 
marize, increasing the pressure, temperature, agitation or 

amount of catalyzer will increase the rate at which cottonseed oil is hydrogenated. This 
increase in rate is roughly proportional to the increase in pressure or amount of catalyzer, 
while raising the temperature 10° in the region of common practice, 160° to 180°, increases 
the rato only about 20 per cent. Increase in agitation (difficult to measure quantitatively) 
produces a marked increase in the reaction-rate. 
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III. CHANGE8 IN PHY8ICAL CON8TANT8 OF OlL DURING HYDROGENATION 

3365. Melting-point. The most striking effect of the hydrogenation of an oil is, of course, 
the gradual increase in solidity, with the accompanying change in such physical constants as 
melting-point and titer. Oil was hydrogenated with mechanical agitation of 108 r.p.m., 
temperature 160° C., pressure 20 lb., catalyzer 5 per cent nickel on a carrier. The melting- 
point and iodine number were among the constants determined on each sample, and these 
constants compared as follows: 
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Mo Mi M, Mt M 4 Mi M« 

Melting-point, °C 9.0 39.4 40.8 45.8 48.0 48.9 60.5 

Iodine number 107 74.3 66.7 61.0 54.5 48.5 0.4 


There can be no doubt that while the two ends of this curve remain fixed, the interme- 
diate points are capable of considerable variation from the curve, depending on the conditions 
of hydrogenation. Note, for instance, the points A and B on Fig. 39. Sample A was made 
by one of the “continuous” processes from the same kind of cotton-oil, while Sample B was 
made at a very high temperature. 

3266. Titer. The titer of an oil or fat, being the solidification-point of its fatty acids, 
might be expected to share the characteristic of the melting-point of the fat, namely, a gradual 
increase with hydrogenation. It is found, however, to show the peculiarity of first decreas- 
ing, passing through a minimum, and then increasing steadily. Cotton-oil was hydrogen- 
ated with 5 per cent of nickel, on a carrier, in one case at 125° C., and in the other at 200° C. 
Titer and iodine number were among the determinations made on each sample. In Fig. 39a 
titer is plotted against time and in Fig. 396 against iodine number. 

3267. Tho apparently anomalous fact that the addition of more saturated, higher melt- 
ing acids at first lowers, instead of raising the solidification point is evidently due to the exist- 
ence of a eutectic, or low melting mixture of the components. According as the path of hydro- 
genation carries the composition close to or far from this point the minimum attained will be 
lower or higher. From Fig. 39a it is evident that the low- temperature run passed closer to tho 


u I M J * - t M. M to to * M to to a 

T* »r\« . Hour* Iotl.n* Member 

Fio. 39. Fio. 39a. Fio. 396. 

eutectic point than did the high-temperature run. Below iodine number 50 the two runs were 
practically identical, as would be expected from the fact that since linolin has largely disap- 
peared the two hydrogenation curves of component glycerides cannot differ very greatly. 

3268 . Commenting on the article by Moore, Richter and Van Arsdel, Low- 
enstein 26 expresses surprise that the writers of this article made the statement 
that the amount of hydrogenation which is required to render the oil just inca- 
pable of responding to the Halphen test has not to their knowledge been investi- 
gated, in view of Lowenstein’s Patent No. 1,187,999. See paras. 3938-3939, 
page 446. 

3269. Responding to this, Moore, Richter and Van Arsdel comment as follows: In reply to 
Dr. Arthur Lowenstein's criticism of a section in our article on “The Incomplete Hydro- 
genation of Cottonseed Oil,” we wish to state that U. S. Pat. 1,187,999 was familiar to us at 
the time the section in question was written : neithor at that time nor at the present time, how- 
ever, could we regard the disclosures of the patent as constituting anticipation of our work. 

3270. The fundamental statement of the patent, as quoted above by Dr. Lowenstein, is 
as follows: "... the hydrogenation process is continued until a sample of the oil fails to 
respond to the Halphen reaction and the desired degree of crystallization takes place when the 
oil is chilled. There is no warrant for assuming from tho language of the patent that when 
tho Halphen test is just destroyed the proper amount of crystallizable material has just been 
produced; in fact it would appear that a considerable degree of choice may be exercised in 
the production of this stearin after the Halphen test response is gone. 

n J. Ind. Et\q. Chem., 9. 719. 





334 


HYDROGENATION 


8171. The iodine number of the product of the patent is not stated to be that of a product 
in which the response to Halphen test has just been destroyed, but is that of a product in 
which both conditions have been met. The breadth of the range given, 90 to 102, indicates 
that "the desired degree of crystallisation" upon chilling is subject to considerable variation, 
according to the object in view. 

8271. The other distinguishing mark given in the patent, namely, a range of increase in 
titer, likewise fails to disclose any definite knowledge of the degree of hydrogenation neces- 
sary to destroy the response to the test; its indication is ambiguous like that of the iodine 
number. We have not experimented with the Wolfbauer method, since its use is uncommon 
in this country, but it is certain that the range of 0.1° to 0.5° C. represents a very large range 
in actual hydrogenation, as measured by change in iodine number. It is noteworthy that our 
experiments invariably showed a decrease in titer, as measured by the A.O.A.C. method, 
before any increase began, so that to increase the titer 0.1° to 0.5° above that of the original 
oil required a drop of iodine number to about 70. 

8273. We wish to point out that if, as Dr. Lowenstein asserts, there are "many variable 
factors which would have an effect on this conclusion," there exists no published evidence to 
that effect. It seems probable to us that temperature is the only factor which would have such 
an effect, and the temperature 150° to 160° C. was specified in the experiment in question. 

8274. We are, therefore, unable to agree with Dr. Lowenstein’s implication that U. S. 
Pat. 1,187,999 anticipates our disclosure. It is quite possible that other investigators have 
carried out the same work at an earlier date, but we bolievo ourselves to have been the first 
to publish the results of such work." 


3276 . The rate of hardening of cottonseed oil by nickel and “ nickel oxide ” 
catalyzers has been investigated by Meigen and Bartels (/. prakt. Chem., 1914, 

293) and their results are shown in Fig. 
40. Curves 1, 2 and 3 were derived with 
metallic nickel at 170° C., and 4 and 5 
with nickel oxide at 250° to 255° C. The 
amount of catalyzer in all cases corre- 
sponded to 2 per cent of nickel oxide. No. 
1 was obtained with nickel prepared from 
the carbonate, No. 2 from reduced oxide 
and No. 3 from a commercially used 
catalyzer. The oxide employed in Nos. 4 
and 5 was obtained by ignition of the 
nitrate. These curves indicate a slower 
action for the oxide, which Meigen and 
Bartels attribute to the time required 
for preliminary reduction of the oxide 
after its addition to the oil. and before actual hydrogenation of the oil occurs. 

3276 . Tsujimoto has prepared and examined hydrogenated chrysalis oil. 
He has found raw chrysalis oil to be unsuitable for the purpose of hydrogenation, 
as its nitrogenous and other impurities largely affect the activity of the cata- 
lyzer. The refining of chrysalis oil is by no means easy; but a method proposed 
by Tsujimoto, which essentially consists in heating the oil with 5 to 10 per cent 
by volume of dilute sulphuric acid (sp. gr. 1.39) followed by treatment with 
Kambara earth, gives an excellent result. The refined oil hardened by nickel 
catalyzer is a white fat which may be used as a raw material for soap making. 

3277. Tsujimoto has noted that the fatty acids of chrysalis oil consist of about 25 per cent 
saturated and 75 per cent unsatu rated acids (iodine value 178.73). Among the saturated 
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acids, palmitic acid was identified; stearic acid ia probably not present. The unaaturated 
acids consist of oleic, linolenic and isolinolenic acids; besides them, some isomers of linolio 
acid are present in a larger quantity. 

3178 . If the conclusions reached in the above-mentioned investigation be correct, the 
final product of the hydrogenation of these unsaturated acids must be stearic acid. Tsujimoto 
considered that a study of the product was important from the point of view of utilising the 
hardened chrysalis oil for technical purposes and accordingly made certain experiments which 
are described in the following paragraph. 

S3 79. Fifty grams of chrysalis oil were saponified in a flask with 38 cc. of 50 per cent aqueous 
solution of KOH and 133 cc. of 96 per cent alcohol, by warming on a water-bath; the excess 
of alkali was neutralised with acetic acid and 500 cc. of 7 per cent aqueous lead acetate solu- 
tion was stirred into it. The resulting lead soap was twice washed with 500 cc. of hot water 
and treated with 500 cc. of ether at 10° C. and then filtered. (Tortelli and Ruggeri's method.) 
The filtrate was then treated with dilute HC1, in order to decompose the lead soap, and was 
well washed with water: 250 cc. of the ethereal solution of the free unsaturated acids thus 
obtained, which contain about 20 g. of acids of iodine value 176.17, were transferred into a 
strong glass bottle; 0.5 g. of Loew's platinum-black was added. The bottle was then con- 
nected to a hydrogen holder. On expelling the air from the bottle by hydrogen, it was strongly 
shaken by means of a mechanical contrivance. After three and one-half hours' shaking, a loss 
of about 2900 cc. of hydrogen was observed on the holder. Hero the hydrogenation was 
stopped for a time. On evaporating off the ether, a residue amounting to 17.52 g. was obtained. 
It was a brown-yellow crystalline mass which, when melted, formed a brown-red liquid; it 
melted at 56.2° C., having the neutralization value 188.92 and iodine value 45.91. The hydro- 
genation was apparently incomplete; but before continuing the operation, it was found bet- 
ter to remove the unsaponifiablo and coloring matter from the product. Eleven grams of the 
above product were saponified with 50 cc. of 8 per cent alcoholic solution of NaOH; then 5 g. 
of NaHCOi and about 50 g. of pure sand were thoroughly mixed with it. The mass was dried, 
powdered and exhausted in a Soxhlet extractor with petroleum ether. The crude unsaponifi- 
able matter thus extracted was 2.22 per cent. The soap in the extractor was dissolved in hot 
water and decomposed with dilute HC1 and then taken up with ether. The ethereal solution 
of the fatty acids which appeared brownish yellow, was decolorized with animal charcoal, 
and made up to 250 cc. by adding ether; then adding 0.3 g. of the platinum-black, it was 
hydrogenized for two hours in tho same way as before (the reading of the volume of hydrogen 
was omitted.) On evaporating off the ether, 8.3 g. of the hydrogenated adds were obtained. 
Tho white crystalline mass had a melting-point of 68° to 68.5° C., neutralization value 195.19 
and iodine value 0. This product is, therefore, a saturated compound, which in its melting- 
point and neutralization value nearly coincides with stearic acid (melting-point 69.3 C., neu- 
tralization value 197.5, molecular weight 284). A mixture of the product with about an equal 
quantity of pure stearic acid melted at 68° to 68.3° C. In order to perform the fractional crys- 
tallization of the adds, 5 g. of tho hydrogenated product were dissolved in 100 cc. of 90 per 
cent alcohol and separated into three portions successively as follows: (1) 4.27 g.; white 
lamina with pearly luster; melting-point 69.5° to 70° C.; neutralization value 197.82; mean 
mol. wt. 283.59. A mixture with pure stearic acid melted at 69.5° to 69.7° C. (2) 0.21 g.; 
melting-point 68° C. ; neutralization value 197.20. (3) Residue left on evaporating the mother 
liquor, 0.41 g.; a little colored solid; melting-point 50° C.; neutralization value 177.42. The 
low melting-point and neutralization value are probably duo to the accumulation of the 
impurities in this part and also to the esterification of the acids on evaporating off alcohol. 
The result of tho elementary analysis of (1) was as follows: 0.1245 gave 0.3487 COi and 
0.1439 HiO; C « 76.39; H - 12.84. CiiHhO* required C = 76.06; H - 12.68. There- 
fore the substance is stearic acid. From the above, it was concluded that the hydrogenated 
product of the unsaturated fatty acids of chrysalis oil consists mainly of stearic acid.** 


3280. Hydrogenation of Com Oil. Reichert and Trelles,* 7 using nickel or 
platinum catalyst studied the hydrogenation of corn oil. They say that: 
1. The oil must be free from water. 2. Extraction naphtha may leave in the oil 
catalyst poisons. 3. The optimum temperature is 210 o -230° C. 4. With nickel 

* Ind. Ena. Chem ., 1916 , 802. 

n Anal. A soc. Quim. Argentina, 1921, 9 , 86; J.S.C.I . , Aug. 15. 1921. 551A. 
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catalyst after four hours the iodine value was 44.5, with platinum after three 
hours it was 21, and the product obtained which had m.p. 57° C. ,§ 

3281. Glycerides of Erucic Add. Sudborough, Watson and Ayyar *• pre- 
pared behenic acid from various sources and found it had m.p. 79.3°-80° C. 
This valuable article reports elaborate analyses of oil containing glycerides of 
erucic acid, CH«"(CHi)vCH = CH-(CHi)n COOH. Rape oil was found to 
contain a catalyst poison, probably a sulphur compound. This poison could be 
fixed by a preliminary treatment with nickel : on continuing the hydrogenation 
with a fresh batch of catalyst, the hardening progressed smoothly. A similar dif- 
ficulty and remedy are noted by Sudborough et al. 10 in the case of the fat from 
Salvador a oleoides (Khakan fat). 

3282. The hydrogenation process has been used by Twitched for the prepara- 
tion of saturated fatty acids in connection with a study of the melting- and solidi- 
fying-points of mixtures of fatty acids and the use of these points to determine 
the composition of such mixtures. 11 

A. Twitchell prepared three fatty acids, stearic, palmitic and behenic acid, in a fairly 
pure state. 

B. The stearic acid was obtained from hydrogenated com oil. The fatty acids from this 
were distilled in a current of superheated steam and the last fraction crystallised a number of 
times from petroleum ether and from alcohol. This stearic acid had a solidifying-point of 
69.04 and a melting-point in a capillary tube of 69.30°. Its combining weight, by titration 
with alkali, was 284. It was not quite pure, as the last crystallization still caused a slight 
increase of the solidifying-point. 

C. The palmitic acid was obtained from myrtle wax, the fatty acids of which were dis- 
tilled and then crystallized several times from petroleum ether and then from alcohol. This 
had a solidifying-point of 62.14 and a melting-point of 62.44. Its combining weight was 255.3. 

D. The behenic acid was obtained from hydrogenated menhaden oil, the fatty acids of 
which were distilled and the last fractions crystallized ten times alternately from petroleum 
ether and alcohol. It had a solidifying-point of 79.59° and a melting-point of 79.99°. Its 
combining weight was 340.9. 

E. It can lie assumed, Twitchell states, that on hydrogenating a fat, all those unsaturated 
acids containing 18 carbon atoms in the molecule are converted into stearic acid, all those 
containing 16 carbon atoms into palmitic acid and all those containing 22 carbon atoms into 
behenic acid. On comparing the mixtures obtained it is seen that the palmitic acid has not 
increased in the fatty acids of the hydrogenated product; therefore, cottonseed oil fatty acids 
contain no unsaturated acids with 16 carbon atoms. As the hydrogenated oil fatty acids 
contain 70.8 per cent stearic acid plus 2.0 per cent of oleic acid the original oil fatty acids 
would contain about 72.8 per cent of unsaturated acids with 18 carbon atoms, provided there 
was no stearic acid originally present; at any rate, it can be concluded that all the unsatu- 
rated acids of cottonseed oil have 18 carbon atoms in the molecule. 

F. The composition of the fatty acids of cottonseed oil is therefore about as follows: 


Palmitic acid 25.9 per cent 

Unsaturated acids with 18 carbon atoms 72.8 per cent 


G. The increase in weight due to addition of hydrogen, being very small, has not been 
considered in the above calculations. 

H. The hydrogenated fatty acids were shown to contain 25.9 per cent of stearic, 23.2 per 
cent of palmitic acid and 18.7 per cent of behenic acid. The palmitic acid was present in the 

* At the temperatures mentioned, with a nickel catalyst, it is conceivable that there is 
some tendency for dehydrogenation to take place, which may explain the remarkably high 
iodine number of the product. 

» J. Indian Inst. Sci., 1926, 9A, 25; Chem. Abst., 1927, 506; J.S.C.I. Supply B, 1926, 954. 

M J. Indian. Inst. Sci., 1926, 9A, 117. 

•» /. Ind. Eno. Chem., 1914, 564. 
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original oil, but the stearic and behenic acids have been formed from unsaturated acids with 18 
and 22 carbon atoms, respectively. 

I. The results indicate a composition for menhaden oil fatty acids about as follows : 


Palmitic acid 22.7 

Other solid, saturated acids 11.8 

Unsaturated acids with 16 carbon atoms None 

Unsaturated acids with 18 carbon atoms 26.7 

Unsaturated acids with 22 carbon atoms 20 2 

Other saturated acids 18.6 


100.0 

These fatty acids, therefore, probably contain about 18.6 per cent of another unsaturated 
acid with some other number of carbon atoms, and also 11.8 per cent of another saturated 
acid. 

3283. In the course of Twitchell’s work on menhaden oil as above outlined, 
a fractional distillation was made of a fatty acid separated from the hydrogen- 
ated oil. There were twenty-one fractions in all. In this distillate were found 
behenic, stearic and palmitic acid. The presence of arachidic and myristic acid 
seemed probable but having neither of these acids in the pure form, Twitchell 
could not at that time establish their presence in any of the fractions. He there- 
fore carried out the following investigations: ” 

3284. Myristic Arid. If any myristic acid were present it would very likely be found in 
the first fraction. To further concentrate it, a portion of this fraction was dissolved in alcohol, 
partially precipitated with lead acetate and filtered. The fatty acids were separated from 
the filtrate and melted in the proportion of 20 parts with 80 parts of myristic acid : 


The melting-point of this mixture was 51.60° 

That of pure of myristic acid is 53 . 76° 


The lowering of the melting-point was therefore 2. 16° 

The lowering of the melting-point of myristic acid by 20 per cent of palmitic acid is. . . 4 . 53° 
The percentage of myristic acid in the fatty acids under examination is therefore 

100 X (4.53 - 2.16)/4.53 = 52.3% 


which clearly establishes the presence of myristic acid in the hydrogenated oil. 

3284A. Arachidic Arid in Hydrogenated Menhaden Oil. Fractions 15 and 16 of this 
same distillate had an average combining weight of 308.5 and were the most likely to contain 
arachidic acid. They were united and crystallized twice from 90 per cent alcohol at 15° C. 
The mean combining weight of the crystals was 324. In previous work it had been shown 
that behenic acid (molecular weight 340) was present in the hydrogenated oil. It would 
almost certainly be in this fraction. It iem&ined to determine whether the reduction in com- 
bining weight was due to arachidic acid. 


20 parts of the crystals melted with 80 parts of arachidic acid has a melting-point of. . 72 . 95° 
Arachidic acid has a melting-point of 74.78° 


The lowering of the melting-point was therefore 1.83° 

The lowering of the melting-point of arachidic acid by 20 per cent of behenic acid. ... 3.61° 

The percentage of arachidic acid in the crystals is therefore 100 X (3.62 — 

1.83)/3.61 = 49.3% 


which establishes the presence of arachidic acid in the hydrogenated oil. 

3285. General Results. Having found myristic acid in both the original and the hydro- 
genated fatty acids in equal amounts, it was not produced by hydrogenation. On the other 
hand arachidic acid was found only in the hydrogenated and not in the original fatty acids. 


Ind. Eno. Chcm., 1917, 582. 
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It was therefor© produced by the addition of hydrogen to an unsaturated acid with 20 atoms 
of carbon. 

A. The composition of the menhaden oil fatty acid described in TwitcheiTs paper of July, 
1914, can now be definitely stated as follows: 

Degrees 


Palmitic acid 22.7 

Myi is tic acid 9.2 

Stearic acid 1.8 

Unsaturated acids with 10 carbon atoms None 

Unsaturated acids with 18 carbon atoms = 20.7 less 1.8 per cent stearic acid = 24.9 

Unsaturated acids with 20 carbon atoms 22.2 

Unsaturated acids with 22 carbon atoms 20.2 


B. From certain observations, Twitchell concludes that the unsaturated acid with 22 
carbon atoms found in menhaden oil and which, like erucic acid, is converted by hydrogena- 
tion into behenic acid, is nevertheless not erucic acid, since on fusion with caustic potash it is 
not converted into arachidic acid. It is probably a more unsaturated acid which is converted 
into stearic or palmitic acid by the fusion. 

3286A. A sample of butter fat examined by Ambergor 33 contained only 2.4 per cent of 
triolein. By fractional crystallisation of the glycerides of hydrogenated butter fat, it was 
found that the olein had not been converted into tristearin, but into a mixed glyceride. The 
greater part of the oleic acid in butter fat is therefore present as a mixed glyceride and not as 
triolein. Butyric and caproic acids are also present as mixed glycerides; tributyrin and tri- 
capronin could not be isolated from the fat. Butyro-diolein, butyro-palmito-olein, and oleo- 
dipalmitin are present, as is shown by analysis of the glycerides isolated from the alcohol- 
soluble portion of hydrogenated butter fat. Amberger has also isolated another glyceride, 
m. p. 67.9 C., from butter fat; this glyceride yielded a mixture of fatty acids, m. p. 55.5° C. 

3286. Hydrogenation of Vegetable Oils with Water-gas. Butkovskii 34 
succeeded in hydrogenating, on a laboratory scale, a mixture of equal parts of 
sunflower and cottonseed oil, using specially purified water-gas and a nickel cata- 
lyst. The water-gas was passed through, successively, double normal NaOH, 
ferric oxide powder mixed with 10 per cent of sawdust, hydrated lime mixed with 
10 per cent of sawdust. Rather a large proportion of catalyst was used, viz., 
5g. nickel to 95 g. oil. The best results were obtained at 220°-250° C. Treatment 
lasted five hours. The titer of the solid product was 36°, the iodine number 
66.92. The same mixture hydrogenated with hydrogen for only two hours and 
fifteen minutes had an iodine number of 35.7. 

3287. Hydrogenation (?) of Oleic Acid with Activated Hydrogen. Water- 
man and Bertram 36 subjected the alleged hydrogenation of oleic acid by acti- 
vated hydrogen 33 to a critical examination. The iodine value did not fall below 
78, the elementary composition did not change, and the refractive index rose. 
Melting-point and molecular weight determinations point to a condensation of 
2 molecules of oleic acid to form a dibasic acid. 

33 Z. Untera. Nahr. Genuaam., 1918, 35, 313; J.S.C.I. , 1918. 558A. 

14 Oil and Fat Ind. ( Ruaaia ), 1926, Nos. 2-3, 45; Chem. Abat 1928, 22, 3059. 

35 Chem. Umachau, 1927, 34, 32. 

31 Bonhoeffer, Z. Phyaik. Chem., 1924, 113, 199. 
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CHAPTER XXXIII 


CATALYTIC HYDROGENATION OF GLYCERIDES AND FATTY ACIDS 

Experimental 
Iso-oleic Acid 

3300. Iso-oleic Acid. In the hydrogenation of fats containing unsaturated 
acids of the Ci* series there is formed a considerable quantity of an isomer (or 
mixture of isomers) of oleic acid solid at ordinary temperatures. This is known 
as iso-oleic acid , 1 a name which, in the older literature, was used for another 
acid.* The distinguishing characteristic of the iso-oleic acid of hydrogenation 
is the insolubility of its lead salt in ether and other common organic solvents. As 
a general rule, the lead salts of unsaturated acids occurring in oils and fats are 
soluble in ether, etc ., 3 and this is used to effect the separation of saturated from 
unsaturated fatty acids. 

3301. A large body of research has been devoted to the formation of iso-oleic 
acid in hydrogenation. The questions asked were: How can the quantity of 
iso-oleic acid be estimated? What is the position of the double bond? What 
are the conditions of hydrogenation which favor or depress the production of iso- 
oleic acid? 

3302. As a result of their own work on peanut oil and sunflower oil, Kauf- 
mann and Hansen-Schmidt 4 seem to have come to the rather drastic conclusion 
that hardening of oils, in practice, is due to the formation of iso-oleic acids almost 
exclusively. This may have been so with their technique, and undoubtedly iso- 
oleic acid is often an important contributory to the high melting-point of hard- 
ened fats. Nevertheless with different technique, both on the laboratory scale 
and in the industry, solid fats are produced from oils, which contain insufficient 
iso-oleic acid to account for their high melting-point and from which saturated 
fats can be isolated in quantity far larger than that present in the original oil. 

3303. Estimation of Iso-oleic Acid. The most satisfactory method of esti- 
mating iso-oleic acid is based on a method first used (for a slightly different pur- 
pose) by Jean and afterwards modified by Twitchell. This is based on the pre- 
cipitation of the solid fatty acids with lead acetate in alcoholic solution. The 
following is Twitchell’s own description . 3 

1 Lewkowitsch: Oils, Fats, and Waxes, 5th edn., I, 192. 

1 Viz., the product obtained by the Saytieffs by distillation of a dihydroxy stearic acid. 

1 Lead erucate and, perhaps, lead elaeostearate arc insoluble. 

4 Ber 1927, 60B, 50; Chem. Abst ., 1927, *1, 1556. 

1 Ind. Ejiq. Chan. t 1921, IS, 807. The same method, with identical technique, is de- 
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3304. Weigh in a beaker as much of the fatty acid as is estimated to contain 1 to 1.5 g. of 
solid acids. In the case of a very liquid oil this amount will be about 10 g., while in the case 
of tallow it will be only 2 or 3 g. Dissolve in 95 per cent alcohol. The total alcohol for the 
two solutions should be about 100 cc. Heat both solutions to boiling and pour the lead 
acetate solution into the solution of fatty acid. Allow to cool slowly to room temperature, 
and then for several hours, preferably over night, to about 15° C. Filter and test the filtrate 
for lead with a few drops of an alcoholic solution of sulphuric acid. If there is no precipitate 
showing that lead is not in excess, the analysis must be repeated, using less fatty acid or 
more lead acetate. Wash the precipitate with 95 per cent alcohol until a sample of the 
washings diluted with water remains clear. Transfer and wash the precipitate from the 
filter hack into the beaker, using about 100 cc. of 95 per cent alcohol. Add 0.5 g. of acetic 
acid and heat to boiling. The precipitate will slowly dissolve. Allow to cool to room tem- 
perature and then to 15° C. as before. Filter and wash with 95 per cent alcohol as before. 
Transfer the precipitate by washing the filter paper with ether into the beaker. Add suf- 
ficient dilute nitric acid to decompose the lead salts. Pour and wash the whole mixture 
into a separatory funnel and shake. Wash with water until the washings are no longer 
acid to methyl orange. If a trace of nitric acid should remain with the ethereal solution 
it will act on the fatty acids in the subsequent drying. Transfer the ethereal solution to an 
evaporating dish, evaporate, dry, and weigh. If desired, larger quantities of material than 
those given above can easily be handled. 

3305. If in the above process insufficient lead acetate is used to precipitate all of the 
solid acids, the precipitation is fractional, and the solid saturated fatty acids of higher molecu- 
lar weight come down first. In this case liquid acids are not carried down with the solid 
and a second precipitation is not required. For example: 

3306. Thirty grams of peanut-oil fatty acids, treated with 1 g. of lead acetate in 200 cc. 
of 95 per cent alcohol and cooled to 12°, yielded 1.6935 g. of solid acids having a mean com- 
bining weight of 317. 

3307. Thirty grams of olive-oil fatty acids, treated with 1 g. of lead acetate in 200 cc. of 
95 per cent alcohol and cooled to 11°, yielded 1.3770 g. of solid acids having a mean combining 
weight of 266 and an iodine value of 0.79. 

3308. Position of Double Bond in Iso-oleic Acids. Moore, 6 who made an 
elaborate examination of the whole problem of iso-oleic acid and its formation in 
hydrogenation, concluded that this acid was a mixture of isomers of different 
stability. The first of these would be a A 9: 10 acid, the second, apparently, a 
A Q: io isomer. Ordinary liquid oleic acid was also a A 9:10 acid: the Ag :10 
component of hydrogenation iso-oleic acid would, therefore, have to be the well- 
known elaidic acid, since no third isomer with the same linkage was possible. 7 

3309. A recent investigation 8 by a searching method leads to the conclusion 
that an iso-oleic acid produced during the hydrogenation of arachis (peanut) 
oil has a double bond in the 12-13 position. This, seemingly, results from the 
hydrogenation of the 9-10 double bond in linoleic acid, leaving the 12-13 bond 
unsaturated. The method used was: The mixed free acids were ozonized. The 
free acids and the acid esters of the resulting dicarboxylic acids were extracted 
with dilute sodium carbonate solution and liberated with sulphuric acid: this 
was followed by steam distillation. The products were decamethylene-dicar- 
boxylic acid (12 + 1 carbons), caproic acid (5+1 carbons), and a trace of aze- 
laic (nonane-di-) acid, this last attributable to the presence of a small quantity 

scribed by Davidsohn and Streichhahn as “Grdn’s method’* in Seifcnsieder Zt(j ., 1926, 53, 
551; Chem. Abst., 1926, 20, 3828. 

• J.S.C.7., 1919, 38, 320T. 

7 The Saytseff’s acid which was at first thought to be an a-/9 acid (Aa : a), melted at 42° C. 
and was soluble in alcohol. Lesueur (/. Chem. Soc. t 1904, 1711) synthesised an ct-0 add, 
m.p. 58°-59° C., insoluble in alcohol. 

s Bauer and Mitsotakis. Chem . Umschau FeUe , Ode, Wachse u. Harz* , 1928, 35, 137. 
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of ordinary oleic acid. The double bond in an iso-oleic acid may be anywhere 
except at the (MO position which gives the ordinary oleic acid [or elaidic acid]. 

3309A. Hilditch and Vidyarthi ga studied the partial hydrogenation of 
higher mono- and polyethylenic esters. Methyl oleate, palmitoleate, and erucate 
were treated with hydrogen at 114 — 220° in the presence of nickel mounted on 
kieselguhr (15 per cent Ni), the concentration of metallic nickel present with 
respect to the ester being about 0.5 per cent, until their iodine values were 
reduced by about 30 per cent. The products of hydrogenation were examined 
by oxidation with potassium permanganate in hot acetone solution, with for- 
mation of free monocarboxylic acids and monomethyl ethers of dicarboxylic acids, 
together with neutral (non-oxidized) material of negligible iodine value. The 
evidence afforded by the identification of the dicarboxylic acids (and to a smaller 
extent of the monocarboxylic acids) indicates that the isomeric acids produced 
during hydrogenation consist in each case of a mixture of acids in which the 
ethylenic linking is adjacent to the position occupied in the original compound, 
and that these acids, together with the original position isomeride, are almost 
certainly present in both cis- and frans-forms in the hydrogenated products. 
The proportion of iso-acids formed appears to vary with the length of the 
carbon chain. 

3309B. In the case of higher polyethylenic esters the conclusions to be 
reached from the acids isolated as scission products from the oxidized esters are 
complicated by the facts that (a) the hydrogenation process is selective, not only 
as regards the degree of unsaturation present, but also to a considerable extent 
in that each ethylenic linking is not equally attacked, and (6) isomerization 
occurs, although to a smaller degree. Hilditch and Vidyarthi say that it can be 
deduced with certainty that the unsaturation in linoleic acid is in the A 1 -and Ap- 
positions, while in linolenic acid the positions of the A‘ and A M linkings can be 
fixed, but it can only be indicated that the third double linking lies beyond the 
fourteenth carbon atom of the chain. 

3310. In the reduction of alpha-elaeo-stearic acid 9 (as its ethyl ester) a 
10-11 iso-oleic acid, m.p. 52°-53° C., was obtained from the product of the first 
step which was a 10-11 and 12-13 linoleic acid. The positions were determined 
by ozonization. 

3311. Conditions of Formation of Iso-oleic Acids. A discussion of the con- 
ditions favoring or depressing the formation of iso-oleic acid during hydrogena- 
tion would cover almost the same ground as an account of selective hydrogena- 
tion of fatty oils. The latter subject is considered in paragraphs 3314 el scq., to 
which the reader is referred. There is some contradiction among the results 
reported: it seems fairly clear, however, that with a given catalyst high tempera- 
ture and long operating time favor the formation of iso-oleic acid. In connec- 
tion with the effect of operation time it is important to remember that iso-oleic 
acid may certainly be formed during hydrogenation of ordinary oleic acid 10 and 

M Proc. Roy . Soc., 1929. A 122 , 552-570: Brit. Chem. Abst .. 1929 , 423A. 

• Bdeeeken and v. Krimpcn. Veralag Akod. W denachappcn Amsterdam, 1928, 37, 66; 
Chem. Abet., 1928, 22 , 1953. 

10 Moore, loc. cil . Cf. para. 3772. 
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that dehydrogenation of stearic acid may occur, under some working conditions, 
yielding an oleic acid isomer. 

3312. In hydrogenating oleic acid in the vapor phase Shaw 11 obtained some 
curious results. Shaw used a glass tower packed with nickel reduced on pumice. 
This was maintained at 300° C. Oleic acid vapor (iodine number 79) and hydro- 
gen were passed over the catalyst. At 100-mm. pressure a reduction of 5 per cent 
in the iodine number was obtained. A second passage produced no further reduc- 
tion. Fresh oleic acid was used and again a 5 per cent reduction resulted: there- 
fore the catalyst was still active. At 150 mm. the iodine number was 68 to 70. 
At 200 mm. 20 per cent reduction was obtained. 

3313. These results suggested the possiblity of an equilibrium between stearic 
acid, oleic acid and hydrogen, and that the reduction degree which Shaw found 
varied from pressure to pressure was constant for any one pressure. If this con- 
clusion were correct, then the equilibrium should be reached from the opposite 
end, namely through distilling stearic acid in the presence of hydrogen. In 
order to see whether this were possible stearic acid was treated in exactly the 
same way as the oleic acid by distilling through freshly prepared catalyzer. As 
a result of the test it appeared that stearic acid experienced no change in iodine 
number, which apparently excluded the idea that conditions of equilibrium were 
involved. 

Shaw’s observations that by repeated distillation of oleic acid no further 
reduction occurs was not to be explained on the ground of fractional distillation 
of the partially reduced product, for the entire contents of the flask were distilled 
through the catalyzer, and furthermore the boiling-point of stearic acid differs 
very little from oleic acid, so Shaw is at a loss to explain the cause of this pecu- 
liar behavior after finding it not due either to the existence of equilibrium or frac- 
tional distillation. 


Selective Hydrogenation of Oils 

3314. Acids with More than One Double Bond — Order of Saturation. When 
a fatty acid has more than one double bond, what happens when it is catalytically 
hydrogenated? Are all the bonds simultaneously saturated, in any given mole- 
cule, so that a fully saturated acid is formed from the first? If not, in what order 
are the double bonds saturated? This problem has stimulated a great deal of 
experimental research. The most elaborate and painstaking work on this sub- 
ject seems to be that of Richardson, Knuth and Milligan. 11 

3315. The difficulty that has beset this kind of work is largely due to the for- 
mation, during hydrogenation, of a solid isomer of oleic acid, iso-oleic acid. 1 * 
The usual method of determining the relative amounts of saturated and unsat- 
urated acids has been to separate the lead salts with ether. The lead salts of 

11 Scifen. Ztg ., 1912. 713. 

11 Heterogeneous Catalysis. I. Selective action of nickel in hydrogenation of certain 
vegetable oils. Ind. Eng. Chem. % 1924. 16, 519. II. Hydrogenation of Marine Oils, Ind. 
Eng. Chcm.' 1925, 17, No. 1, 80. The first article contains a critical review of previous work. 

11 Lewkowitech, Chem. Tech. Oils, Vol. I, 192. Also see paras. 3300-3313, this volume. 
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liquid-saturated acids are insoluble in ether. Unfortunately, the lead soap of 
iso-oleic acid, also, is practically insoluble in ether as noted in paragraph 3300. 
This leads to a result which, calculated back to the whole body of fatty acids, 
gives too high a proportion of linoleic acid relatively to oleic acid. It might 
appear that this could have been corrected by determining the iodine number of 
the solid fatty acids and calculating this iodine absorption to iso-oleic acid. 
Unfortunately there is a fallacy here owing to the persistence of an iodine-absorb- 
ing salt in the solid lead salt mixture, even when iso-oleic acid is known to be 
absent. However, the general results in the case of vegetable oil were fairly con- 
cordant. The conclusion was that, in a mixture containing glycerides of fatty 
acids of different degrees of unsaturation (oleic, linoleic, linolenic), there occurs 
selective hydrogenation, i.e., the acids of higher degrees of unsaturation are 
hydrogenated down to the oleic acid stage before any substantial amount of 
saturated acid is formed. 

3316 . This conclusion was confirmed by the work of Richardson and his col- 
laborators, indeed the selectivity of hydrogenation of vegetable oils was found 
to be even greater than had been thought. It was also brought out that increase 
in the amount of (nickel) catalyst favored selectivity, which effect was also 
obtained by increase of the temperature of operation, up to 200° C. The theoret- 
ical implications are of interest. They tend to confirm the view of Armstrong 
and Hilditch 14 that hydrogen absorption by a given unsaturated compound in 
the presence of nickel proceeds normally at a constant rate of reaction. Other 
observers believed that their results justified them in regarding the reaction as 
unimolecular: for this to be true each of the components should have been 
hydrogenated from the very beginning at rates proportional to the product of the 
concentration and the reaction constant of each component (catalyst, tempera- 
ture and hydrogen pressure being maintained constant). The velocity of con- 
version of oleic acid to stearic acid seems to be decidedly lower than that for lino- 
leic to oleic acid. We may, perhaps, picture the active catalytic surface (on 
Taylor’s hypothesis) as better shaped to hold the linoleic (linolenic, etc.) than to 
hold the oleic molecules in position for hydrogenation. 

3317 . The second article by Richardson and his co-workers deals with the 
hydrogenation of marine oils. This w'ork is complicated by the fact that the 
unsaturated fatty acids of marine oils consist largely of members with more than 
18 carbon atoms to the molecule. This appears to be true equally of mammal 
(whale) oil 16 and of fish oil. The technique employed was therefore modified 
as will presently be explained. 

3318 . It appears that the hydrogenation of whale oil in the presence of 
catalytic nickel results initially in the preferential conversion of the highly unsat- 
urated Cio and Cii acids to acids of either one or tw'o double bonds without the for- 
mation of substantial quantities of saturated acids. At an iodine value of approxi- 

14 Proc. Roy . Soc., 1919, 96A, 137; J. Soc. Chcm. Ind., 1920, 79, 120. 

11 Milligan. Knuth and Richardson, J. Am. Chcm. Soc., 1924, 46, 157. The unsaturated 
fraction of fatty acids from whale oil was about 80 per cent of total; of this a little less than 
half was composed of Cio and C« acids with some C*4 acid. 
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mately 84, the character of the hydrogenation changes abruptly. Immediately 
below this critical point, hydrogenation results in the formation of substantial 
amounts of palmitic and stearic acids, while the C*> and Cm acids containing two 
double bonds are simultaneously converted to corresponding acids of one double 
bond, possibly with the formation also of very small amounts of saturated acids 
of 20 and 22 carbon content. Even at an iodine value of 57, substantial quanti- 
ties of unsaturated acids containing two double bonds are present in the hydro- 
genated oil. 

Menhaden oil behaves in a similar manner on hydrogenation, and on account 
of similarity in composition it is probable that the same will be found true of 
other marine oils. It must, however, be regarded as mere coincidence that the 
critical points in the hydrogenation of the particular samples of whale oils and 
of menhaden oil used in this investigation were reached at practically identical 
iodine values. 16 

3319. In the work on vegetable oils Richardson and his collaborators 
employed the method of Jean as used by Twitchell 17 in which the lead soaps 
of the solid acids are fractionally precipitated from an alcoholic solution of the 
mixed acids, by the addition of a solution of lead acetate. Working on the solid 
acid fraction they determined (1) the weight, (2) the iodine number and (3), on 
the original oil, the iodine number of the mixed fatty acids. This method 
had the limitations that the calculations to (1) solid saturated acids, (2) solid 
unsaturated acids, (3) oleic acid and (4) linoleic acid would be possible only if 
the sample contained no unsaturated acids except oleic and linoleic (or isomers) 
and no saturated acid below Ci« (the lead salts of myristic and lower saturated 
acids being too soluble in alcohol). Therefore, for the work on marine oils the 
fatty acids were separated by fractional distillation of the methyl esters by the 
method previously employed by the same workers. 18 

3320. Marcusson and Meyerheim 19 had reached the conclusion that train oil 
did not hydrogenate selectively or by stages, that is to say, the more highly unsat- 
urated components did not largely take up hydrogen before olein becomes con- 
verted into stearin. A certain percentage of the highly unsaturated fatty acids 
remained even after a large proportion of the oleic acid had been transformed 
into stearic acid. The inner iodine number (iodine number of the liquid fatty 
acids) of a sample of hardened train oil was found to be 107, which result led to 
the foregoing conclusion. 


Abstracts of Articles on Selective Hydrogenation of Oils 

3321 . Moore, Richter and van Arsdel. The incomplete hydrogenation of cottonseed oil. 
J. Irui. EnQ. Chem. t 1917, 9,451. A long and detailed article notable for its development of 
the triangular diagram in the study of hydrogenation. Lead-salt-ether method with its 
defects, was used. Effect of pressure, temperature, percentage of catalyst, agitation and 

16 Ind. EnQ. Chem ., 1925, 17 , 80. 

17 Ind. Ehq. Chem., 1921, 13 . 806. See para. 3304 on page 340, this volume, for technique. 
11 J. Am. Chem. Soc., 1924. 46 , 157. 

Zeit. f. anQew. Chem., 1914, No. 28, 201. 
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foreign bodies is studied. Sulphur and sodium sulphide were found to poison the catalyst. 
A locus classicus for selectivity, though many of the conclusions have since been revised. 20 

3312. Armstrong and Hilditch: Proc. Roy. Soc., 1919, 96A, 137. Catalytic actions at 
solid surfaces, I. Hydrogenation of unsaturated fats in the liquid state in the presence of 
nickel. Comparison of enzyme action and that of catalysis at solid surfaces. Hydrogena- 
tion of whale oil proceeds at constant rate to a defined breaking-point, which is said to occur 
when the proportion of glycerides with acids more unsaturated than oleic acid fell to 10 per 
cent (but see Richardson el al., loc. til. for a criticism of this conclusion). This statement is 
reaffirmed in the article by Hilditch and Moore. 

3323. Hilditch and Moore. Selective hydrogenation. J.S.C.I. , 1923, 42, 15T. Further 
evidence in support of the statement 21 that the rate of hydrogenation of any pure mixture 
of olein and glycerides less saturated than olein, when plotted as the amount of hydrogen 
absorbed against time, consists of two phases: (1) a linear graph to a certain point, (2) a fur- 
ther sector at first linear then curved. This point is said to have invariably occurred when 
only 10 per cent of the linolein remained unhydrogenated. In the case of natural oils the 
amount of saturated derivatives did not increase until the amount of linolein had fallen 
to 10 per cent of the mixture. The free fatty acids from cottonseed oil presented an exception 
to this rule. Discussion of the mechanism of selectivity, favoring Armstrong-Hilditch 
hypothesis of unstable intermediate compounds between catalyst and reactants. 

3324. Moore.” The formation of solid iso-oleic acids by the hydrogenation of ordinary 
liquid oleic acid. J.S.C.I ., 1919, 38, 320T. An important contribution to the iso-oleic acid 
problem. Experimental and critical. According to Moore, iso-oleic acid is formed only during 
the actual hydrogenation of oleic acid (this is not universally accepted (see Ubbclohde and 
Svanoe, infra). Iso-oleic acid is a mixture of isomers one of which is elaidic acid while the 
other (or others) is formed by migration of the ethylenic linkage. Palladium causes a much 
larger formation of iso-oleic acid than does nickel, al the temperature used by Moore , viz., 180° C. 

3326. Lush. Hydrogenation. J.S.C.I., 1923, 42, 219T. A general article dealing with 
compact or massive nickel catalysts, and especially with the Lush-Bolton anodic-oxidized 
catalyst. Two methods are contrasted as to the production of iso-oleic acid: oil flowing as 
a film gives less of this solid isomer than an overflow method. See para. 3752. 

3326. Lush. Kinetics of Hydrogenation. I. J.S.C.I., 1924, 43, 53T. The formation 
of iso-oleic acid is favored by high operating temperatures (190° C.) : This isomer is probably 
a dehydrogenation product. There is some evidence that the reaction velocity is propor- 
tional to the square root of the hydrogen pressure and is linear. This is in favor of an acti- 
vated atomic hydrogen theory. 

3327. II. J.S.C.I., 1925, 44, 129T. Further discussion of the reactions and conditions 
involved in hydrogenation. With oil in excess and hydrogen limited, the velocity is linear 
and proportional to the hydrogen pressure. With increased access of hydrogen the velocity 
remains linear and is proportional to the square root of the pressure. With accumulation of 
saturated oil the reaction becomes unimolecular. 

3328. According to Ueno and Okamura the amount of iso-oleic acids increases with the 
temperature and with the length of time of hydrogenation. The oil used was plaice oil.” 

3329. These workers had already reported the same results with cottonseed oil, 24 and 
Ueno and Kuze had obeerved the temperature effect (with a nickel catalyst) in the hydrogena- 
tion of chrysalis oil.” 

3330. Kaufmann and Hanaen-Schmidt 26 making periodical determination of the iodine 
and thiocyanogen values during the course of mild technical hydrogenation of peanut oil 
show that oleic acid is not reduced, and that the main part in the change is played by linoleic 
acid, which is converted into singly unsaturated acids solid at the atmospheric temperature; 
the proportion of saturated components remains unchanged. More prolonged hydrogenation 
of sunflower oil causes an increase in saturated compounds at the expense of linoleic acid, 
the bulk of which is, however, transformed into singly unsaturated acids. Subsequently, 
reduction of oleic acid and of its intermediately formed isomerides commences. Simultano- 

20 See paras 3245 el seq. 

11 Armstrong and Hilditch. Loc. cil. 

” C. W. Moore. The collaborator of Richter and van Arsdel is H. K. Moore. 

Soc. Chem. Ind. (Japan), 1927, 30, 817. 

u Ibid., 71. 

” Ibid., 1926, 29, 75. 

*• Ber., 1927, 60B, 50; Suppl. J.S.C.I., B. 1927, 226. 
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ously, displacements of the double linking occur (recognised by the discrepancy between the 
iodine and thiocyanogen values) which are due to dehydrogenation in an unexplained manner. 

3331. SchestakofT and Kuptschinsky. Z. deutsch. Oel u. Fettind ., 1922, 42, 741, 757 
and 774; Chcm. ZerUr., 1923, 94, ii, 420; J.S.C.I. , 1923, 42, 364 A. Experimental investiga- 
tion of the velocity of hydrogenation of linseed, hempseed and sunflower seed oils. Hydro- 
genation of oleic acid proceeds more slowly than that of linoleic acid. The velocity dimin- 
ishes in the order linolenic, linolic, oleic. The relation of titer (melting-point of mixed fatty 
acids) and iodine value in natural solid fats and in hardened oils is discussed. Owing to the 
presence of palmitic and myristic acids in natural fats the titer of the latter is lower for the 
same iodine value than that of the product of hydrogenation. 

3332. Koss. Catalytic reduction of unsaturated fats. Przcmysl Chem., 1920, 4, 39; 
Chem. Zentr., 1920, 91, IV., 442; J.S.C.I ., 1920, 755A. Discussion of the activity of nickel 
oxides. Discussion of the influence of the position of ethylenic linkages on the hydrogenation 
of glycerides. Double bonds between the 9th and 10th and between the 12th and 13th 
carbon atoms are easily reduced; that between the 15th and 16th is slowly attacked. The 
farther a double bond is from the carboxyl group the more difficult it is to reduce. 

3333. Richardson and Snoddy. Ind. Eng. Chem., 1926, 18, 570. With platinum cat- 
alysts selectivity is favored by increasing temperatures, in the hydrogenation of cottonseed 
oil. The selectivity is less than with nickel. 

3334. Ubbelohde and Svanoe. Z. anyew. Chem., 1919, 32, 257, 269, 276; J.S.C.I., 1919, 
870 A. A study of the hydrogenation of whale oil. The increase in the rate of atworption 
due to rise of temperature is said to stop at 200° C.; an acceleration was also noted with 
increase in the amount of catalyst up to 2.4 per cent of the particular catalyst used. The 
analytical difficulties caused by the formation of iso-oleic acid are noted. Iso-oleic acid is 
believed to be formed both from linoleic acid and from oleic acid. 

3338. Williams. Selective Hydrogenation. J.S.C.I., 1927, 46, 456T. A critical study 
of data, published and unpublished, to establish a measure of the degree of divergence from 
complete selectivity in any given case. For a given oil the degree of selection is a linear 
function of temperature and also of the proportion of double linkages in the original fatty 
mixture. In hydrogenation of acids selection is more complete with a high than with a low 
original iodine number; the reverse is true with the glycerides. 

Williams e bserves that if the hydrogenation of an oil were completely selective with 
respect to linoleic acid, stearic acid would not be formed until a certain iodine value were 
reached, hence the curve relating to percentage of saturated acids in the oil with the iodine 



Fig. 41. — Variation of the Proportion or Saturated Acids in an Oil 

Durino Hydrogenation. 

values would appear as shown by the dotted line A-B-C in Fig. 41. A projection of the line 
B-C will intersect the iodine value at about 90 (the iodine value of oleic acid). Hydrogena- 
tion, however, is usually not completely selective and hence tho curve will assume the form 
shown by tho lino A-D-C, stearic acid being formed to some extent in the early stages of the 
reaction. 
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Abstracts Relating to Experimental Hydrogenation of Oils 

3336. v. Alphen. The action of phenylhydrazine and hydrazine on fats and fatty acids. 
Rec. irav. chim., 1925, 44, 1064; Chem. Abst., 1925, 19 v 1235. Glycerides of unsaturated fatty 
adds yield hydrazidee of the saturated adds. 

3337. Amberger and Wheeler-Hill. Composition of oat oil. Z. Unters. Lebensm., 1927, 
54, 417. Application of hardening to recognition of individual glycerides. 

3338. Frfejacque. Chim. el Ind ., 1920, 4, 443; J.S.C.I. , 1920, 789A. Experiments on 
hydrogenation of linaeed oil with 1 per cent of catalyst reduced from basic nickel carbonate. 
With catalyst reduced dry at 160° C. the iodine value after four hours was 152; with that 
reduced at 240° C. it was 133. With catalysts reduced in the oil at 160° C. and 240° C., the 
iodine values were 70 to 80, respectively. (Contrast Roubaix on hydrogenation of oleic 
acid.) 

3339. Dittmer. Hydrogenation of oxidized and polymerized oils, Seifen.-ZtQ., 1927, 64, 
240; Chem. Abst., 1927, tl, 2391. Polymerized oils first depolymerize, then hydrogenate, 
yielding stearic acid. Oxidized oils use up more hydrogen because the oxidized product 
must first be reduced, before hydrogenation to stearic acid takes place. Oxidized castor 
oil yields hydroxystearic acid.* 7 

3340. GonzAles. Stereoisomerism of ethylenic acids. Hydrogenation of stearolic and 
behenolic 18 acids. Anales soc. espafi. f's. quim ., 1926, 24, 156. Difference in isomers pro- 
duced by different methods of hydrogenation. Discussion of their steroisomerism. 

3341. Hydroxy Acids. The behavior of the hydroxyl gToup of the hydroxylated fatty 
acids on catalytic hydrogenation by means of nickel has been studied by Jurgens and Mcigon. 
Nickel catalyzer reduces castor oil below 200° practically only at the double bond of the ricin- 
olic acid radical, while above 200° its hydroxyl group is also reduced. Ricinolic acid itself is 
little affected at the lower temperature but its hydroxyl group is reduced at the higher tem- 
perature. Nickel oxide catalyzer reduces the hydroxyl group more rapidly than the double 
bond. W r ith 2 per cent nickel catalyzer under high pressure the hydroxyl group reduction 
is slower than at atmospheric pressure because the increased tension of the steam from the 
hydroxyl group tends to prevent further decomposition of this group.® 

3342. Mashkilleison. Action of carbon monoxide on the nickel catalyst in oil hardening. 
Oil and Fat Ind. (Russia), Nos. 2-3, 47. Emphasizes difference between gas containing carbon 
monoxide and that free from it. 

3343. Chemical Reactions in Fat Hardening. 10 Under this title Normann discusses the 
general reactions involved and the behavior of the nickel-kieselguhr catalyst. Graphs are 
given for a number of oils showing the progress and completion of hardening, the fall in iodine 
value and corresponding rise in melting-point, and also the fall in iodine value together with 
progressive fall in refractive index (Zeiss butyrorefractometcr). For judging the progress of 
hardening in a particular case the determination at intervals of the refractive index of the oil is 
the quickest and is better than a method involving the measurement of the amount of hydrogen 
consumed. An accompanying table shows the amount of hydrogen in cubic meters at 0° 
and at 20° required to saturate completely 1000 kg. of the commoner fatty acids and fatty 
oils. Owing to loss of hydrogen and to aide reactions the amount of hydrogen consumed in a 
particular hardening is in practice 10-20 per cent in excess of the amount as calculated from 
the fall in the iodine value. 81 

3344. Peily. Notes on the hydrogenation of fatty'acids and of mixtures of fatty acids with 
neutral oils. J.S.C.I ., 1927, 46, 449T. Both with activated nickel turnings and with pow- 
der catalysts, under similar conditions of experiment: (1) Fatty acids alone are less rapidly 
hydrogenated than neutral oils alone. (2) When mixtures of fatty acids with neutral oil 
are hydrogenated, the degree of hydrogenation of the fatty acid is very considerably increased 
beyond that for neutral oil alone, while the degree of hydrogenation of the neutral oil in the 
mixture is greatly decreased. (3) The rate of hydrogenation of unsaturated glycerides is 
greatly retarded in the presence even of saturated fatty acids. 

,7 CJ. on same subject Talanzev, Oil and Fat Ind. (Russia), 1927, No. 8, 20; Chem. Abet., 
1928, 22, 3793; Laryakov, ibid., No. 1, 27; Chem. Abst ., 1928, 22. 4264. 

■The abstract Chem. Abst ., 1926, 20, 2310, has "stearic” and "behenic.” 

* Chem. Umschau, 1916, 23, 99, 116; Z. anyew. Chem., 1917, 30, II., 34; J.S.C.I., 36, 
657 ; Chem. Abst., 1917, 2736. See also paras. 3426 and 3427, page 357, this book. 

80 Z. Deuts. OeU u. Fett-Ind., 1926, 46, 193-195. 

11 Brit. Chem. Abst., 1926, 552B. 
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When Pelly employed nickel turnings as a catalyst 
these were packed in an electrically heated copper tube. 
The oil, supplied 'by a burette, was allowed to flow down 
over the catalyst. The apparatus employed by Pelly is 
shown in Fig. 42. In order to avoid any possibility of 
introduction of air, the exit end of the copper tube was 
equipped with a trap. 

3345 . Roubaix. Catalytic hydrogenation of oleic acid 
and commercial olein with nickel as catalyst. Bull. Soc. 
Chim. Bclg., 1924, 33 , 193. Pure oleic acid and the com- 
mercial product were readily hydrogenated by nickel 
reduced dry from the oxide or formate, with formation 
of only a small quantity of nickel soap. Very poor hydro- 
genation was obtained with catalyst reduced in the fatty 
arid itself and there was an excessive production of nickel 
oleate. No nickel stearate was formed. 

3346 . Smith and West. Reduction [i.e., dehalogena- 
tion) of linolenic and linolic (linoleic) bromides and rebro- 
mination of the free acids. Philippine J. Sex., 1927, 32 , 
297. Examination of the stereoisomers: molecular re- 
arrangements. An apparatus and procedure for dehalo- 
gen a tion of these compounds are described. A full 
abstract of the results will be found in Chem. Abet .. 1927, 
31 , 2250. 

3347 . Sweeney and Ellort. Evidences of auto-cata- 
lysis in the hydrogenation of cotton-seed oil (with cobalt 
catalyst). .Science, Jan. 14, 1921, 20. 

3368 . Ueno. Velocity of the hydrogenation of oils. 
J. Chem. Ind., Tokyo, 1918, 21 , 749. The velocity of 
the reaction obeys the law of unimolocular reactions. 
The conditions were: catalyst, nickel-kieselguhr 1-3; 
temperature 100°- 160°; substrate, soya- bean, camellia 
and sardine oils. 

3349 . West and Gonzaga. Effect of composition on 
the complete hydrogenation of some Philippine oils with 
nickel catalyst. Philippine J. Set., 1923, 23 , 277. Lum- 
bang, pili nut and cocoanut oil were hardened to a negli- 
gible or zero iodine number. Palomaria oil gave neither 
a hard fat nor a low iodine number. 

3350 . Williams. The melting-point of hydrogenated 
cottonseed oil. J.S.C.I., 1927, 46 , 448. Owing to the 
effect of the temperature of hydrogenation on selectivity, 
by determination of iodine number and the melting-point, 
the temperature of hydrogenation may be estimated "to 
within about 10°" (±10° or =fc5°? The former figure 
would give rather a wide range — say 160°- 180° C.) 

3351 . Limit of unsaturation in menhaden oil. 
McGregor with Beal, J. Am. Chem. Soc. t 1926 , 3152. 
Determination of mixed melting-points. 
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CATALYTIC HYDROGENATION OF FATTY OILS 

Analytical Methods and Data 

I. The Analytical Constants op Hydrogenated Oils 1 

3400 . The hydrogenation of oils has to such an extent changed certain of 
the constants by which oils and fats are at least in part identified, namely, the 
iodine number and the specific gravity, that the identification of a fat or fatty 
mixture, often heretofore a troublesome matter at best, now promises to become 
even more difficult. 

3401 . The reduction of the iodine number through the introduction of hydro- 
gen into the oil, in a sense, is arbitrary; there is no difficulty in reducing the 
iodine number almost to zero through the hydrogenation process, or at any 
moment to interrupt the operation and from one and the same initial material 
to produce products having the most varied iodine numbers. 

3402 . The specific gravity and melting-point advance hand in hand as sat- 
uration progresses, the specific gravity approaching that of tristearin, while the 
resultant melting-point in considerable measure depends upon the molecular 
weight and the hydroxyl content of the fatty acid components of the oil. The 
specific gravity of a hardened cottonseed oil whose iodine number had been 
reduced to zero was found by Normann and Hugel 1 * to be 0.9999 at 15° C., 
while they note that tristearin has a specific gravity of 1.0101 at the same tem- 
perature.* 

3403 . The index of refraction also is strongly modified. A sample of fish oil 
at 56° C., according to Normann and Hugel, showed a figure of 53.8; while after 
hardening to an iodine number of 22.5 the index was 36° at the same tempera- 
ture (scale of the Zeiss butter refractometer). 

3404 . Observations made in Ellis's laboratory on the index of refraction of 
a number of hydrogenated oils gave the results noted below: 4 

1 Jour. Ind. Eng. Chem., 1914, 117. 

* Chem. ZlQ 1913, 815. 

• The specific gravity of tristearin is given by the Chemiker Kalender as 1.0101 at 15° C., 
while Lewkowitsch reports the specific gravity of a specimen of not quite pure stearin in the 
melted state as 0.9235 at 65.5 C. 

4 A sample of hydrogenated cottonseed oil used extensively in this country exhibited a 
refractive index of 1.4492 and a melting-point of 59.9° C. 

349 



350 


HYDROGENATION 


INDEX OF REFRACTION AT 55° C. 
(Abb6 Refractometer) 



Original Oil 

Hydrogenated Oil 

Corn 

1.4615 

1.4514 (M.P. 55.7° C.) 
1.4550 (M.P. 41.5° C.) 
1.4538 (M.P. 50.3° C.) 
1.4425 (M.P. 24.7° C.) 
1.4610 (M.P. 42.3° C.) 
1.4517 (M.P. 38.7° C.) 
1.4494 (M.P. 44.8° C.) 
1.4547 (M.P. 34.7° C.) 

Whale (No. 1) 

1.4603 

Soya bean 

1.4617 

Cocoanut oil (“olein”) 

1.4429 

Linseed 

1.4730 

Palm 

1 . 4523 

Palm 

1 . 4523 

Peanut (edible) 

1.4567 



3405. It is of interest to note that while the addition of hydrogen to fatty oils 
reduces the index of refraction, the addition of oxygen increases the index as is 
shown in the case of blown or ozonized oils. 

3406. The gradual reduction of the index of refraction by progressive hydro- 
genation is shown in the following table compiled from determinations made in 
Ellis’s laboratory. Cottonseed oil was hydrogenated for a period of ten 
hours and samples were drawn at one-hour intervals. 



Melting-point 

Index of Refraction, 
55° C. 

Original oil 


1.4588 

1 hour 

28.2° C. 

1.4577 
1.4568 
1 4557 

2 hours 

31.3 

3 hours 

34.3 

4 hours . . 

37.9 

40.8 

1.4549 

1.4540 

5 hours 

6 hours 

43.8 

1.4527 

1.4518 

7 hours 

45.6 

8 hours 

47.3 

1.4510 

10 hours 

55 9 

1 4496 



The articles noted below may be consulted on the same subject: 

3406 A. Chenevean. Relation between refractive index and iodine value of oils. CKimie 
et Industrie, 1926, 16, 780; C. A., 1926, 10, 2589. 

3406B. Watson and Sudborough. Relation between iodine values and refractive indices 
of hardened oils. J. Ind. Inst., 1924, 7, 81. Iodine values and refractive indices for oils of 
different degrees of hydrogenation are recorded for ar gem one, English mustard, Indian rape, 
cashew kernel, soya bean, poppy-seed, rayan, olive, seal, and cod-liver oils. Rocket, mustard, 
and rape oils have higher refractive indices for a given iodine value than all the other oils 
examined except castor and argcmone oils, this being attributed to the presence of glycerides 
of erucio acid. The high ratio of refractive index to iodine value for argemone oil is not due 
to glycerides of erucic acid, but to diglycerides and glycerides of hydroxy-acids. The refrac- 
tive index for completely hardened olive oil (n®® 1.4463) agrees very closely with that of the 
purest tristearin (1.4462). Most of the curves are approximately parallel, but that for seal 
oils is exceptional and crosses most of the others. 

3406C. Mar km an and Sergejev (0*7 Fat Ind. (Russia), 1936, No. 7, 27; Chem. Centr., 
1936, ii, 2418] were unable to find any definite constant relation between titer and refractive 
index during hardening. 
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3407 . Crossley • reports some work carried out by Passmore on the effect 
of hydrogenation of a number of fatty acids and oils which is illustrated by the 
figures contained in the following table: 



Per 

Cent 

Nickel 

Used 

Temper- 

ature 

Timo 

in 

Hours 

Iodine Value 

Melting-point 

Of 

Original 

Sub- 

stance 

Of 

Product 

Of 

Original 

Substance 

Of 

Prod- 

uct 

Ricinoleic acid 

3 


2 

89.8 

7.99 

Liquid 

53° 

Ricinoleic acid 

6 


4 

91.8 

30.60 

Liquid 

72° 

Erucic acid 

10 

180° 

1 

120.3 

5.95 

Liquid 

58.5° 

Erucic acid 

3 

180° 

1 

74.0 

2.05 

34° 

79° 

Linoleic acid 

3 

240°-250° 

2 

182.1 

30.00 

Liquid 

60.5° 

Linoleic acid 

3 

180° 

2 

176.0 

7.79 

Liquid 

66° 

Linoleic acid 

6 


3 

179.2 

5.98 

Liquid 

65° 

Oleic acid 

3 

240°-250° 

i 

82.9 

4.08 

Liquid 

63° 

Oleic acid 

1 


H 

82.1 

9.77 

Liquid 

61° 

Oleic acid 

6 

100° 

2 

84.8 

3.83 

Liquid 

63° 

Whale oil 

3 

180° 

1! 

120.0 

10.30 

Liquid 

54° 

Whale oil 

3 

240°-250° 

H 

123.0 

27.7 

Liquid 

48.5° 

Cod oil 

3 

240°-250° 

U 

157.0 

13.1 

Liquid 

56° 

Cod oil 

3 


3 

159.5 

11.1 

Liquid 

57° 

Linseed oil 

3 

240°-250° 

u 

181.9 

9.52 

Liquid 

66° 

Linseed oil 

10 

180° 

1 . 

176.8 

4.75 

Liquid 

62.5° 

Rape oil 

3 


u 

118.2 

11.2 

Liquid 

59° 

Rape oil 

3 

100° 

101 

119.1 

24.3 

Liquid 

56° 

Cottonseed oil 

3 

175° 

11 

101.8 

18.5 

Liquid 

58° 

Fish oil 

2 


6 

124.5 

51.5 

Liquid 

Solid 

Almond oil 

2 

172°-185° 

6 

92.1 

22.6 

Liquid 



3408 . Three fats obtained by Knapp from a clear cottonseed oil, hardened 
by hydrogen with the help of different catalysts, gave the following figures: 


Catalyst 

Percentage of 
Catalyst 

Character of 
Product 

Butyro-refrac- 
tion Corrected 
to 40° C. 

Melting-point, 

°C. 

Nickel 

1.00 

Hard 


49 

Platinum 

0. 10 

Hard 


46 

Palladium 

0.06 

Brittle 

K9 

52 



The keeping properties of these hardened oils were found to be remarkably 
good. Although prepared nearly a year and a half previously and having often 
been exposed to damp air, yet they showed no signs of rancidity. The free acid- 
ity (0.70 per cent as oleic acid) did not appreciably change during the period of 
observation.* 


1 Pharm. J. t 1914, 91, 604. 637, 676; J.S.C.I. . l»14 f 1135. 
• Analj/$t t 1918, 102. 
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3409 . Bomer 7 examined a number of hardened oils and his results are con- 
densed into the following table: 


Oil 


Melt- 

Solidi- 

Refrac- 

Acid 

Sapon- 

Iodine 

Appearance 

ing- 

lying- 

to meter 

Num- 

ncation 

Num- 

ber 

Num- 



point 

point 


ber * 

ber 

Peanut oil un- 








treated 

Yellow liquid 



56.8 

1.1 

191.1 

84.4 

Peanut oil 




hardened 

White tallowy .... 

51.2 

36.5 

50.1 

1.0 

188.7 

47.4 

Sesame oil 

hardened . . 

White tallowy 

62.1 

45.3 

38.4 

4 7 

188.9 

25.4 

Cottonseed oil 

Yellowish lard- 


hardened 

liko 

38.5 

25.4 

53.8 

0.6 

195 7 

69 7 

Cocoanut oil un- 


treated 

White soft 

25:6 

20.4 

37.4 

m 

255.6 

11.8 

Cocoanut oil 


hardened 

White lard-like .... 

44 5 

27 7 

35.9 

0 4 

254 1 

1.0 

Whale oil hardened 

Yellowish tallowy. 

45 4 

33.7 

49.1 

1.1 

193.0 

46 8 


* Milligrams potassium hydroxide for 1 g. fat. t Determined at 50° C. 


The solid and liquid fatty acids separated from the hydrogenated fat by the 
method of Farnsteiner showed the following properties: 


Oil 

Solid Fatty Acids 

Liquid Fatty Acids 

Melting- 

point 

Acid 

Number 

Refraction 
at 40° C. 

Iodine 

Number 

Peanut, oil untreated 



Klfl 

91.8 

82.9 
88 9 

115.6 
96 0 

Peanut oil hardened 


199.7 
199.5 

206.8 
199.5 

Sesame oil hardened 

56.4 

45.0 

Cottonseed oil hardened 

'Whale oil hardened. . 




3410 . Samples of these hardened oils were examined for cholesterol and 
phytosterol. Hardened peanut oil was found to contain 0.4 per cent, sesame oil 
1.9 per cent, cottonseed oil 1.6 per cent and whale oil 0.2 per cent of sterol, of 
which the three first-mentioned hardened products exhibited the typical crystal- 
line form of phytosterol. The melting-point of these sterols ranged from 132° 
to 139° C., yielding acetates melting between about 126° and 129° C. The hard- 
ened whale oil gave a sterol melting at 149.7° C. 

3411 . Bomer made a series of fractional crystallizations of hardened oil and 
from a sample of hydrogenated peanut oil obtained tristearin (amounting to 
about j per cent). Bomer has called attention to the rather striking behavior 
of cocoanut oil. He calculated from the iodine number that the natural oil con- 
tained 13 per cent of oleic acid and after hydrogenation approximately about 1 
per cent of this acid was present. As a result of the transformation of 12 per 

7 Chem. Rev. u. d. Felt u. Hart Ind .. 1911 , 220. 
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cent of oleic acid into stearic acid, the melting-point increased from 25.6° to 
44.5° C., or thus 18.9° C., while the solidifying-point advanced from 20.4° to 
27.7° C., or only 7.3° C. 

3412 . Bomer 8 has studied the melting-points of hydrogenated oils and as 
regards hydrogenated peanut and sesame oil he notes that the melting-points of 
the least soluble glycerides are very high, being 70.6° C. and 71.5° C. respectively, 
while the corresponding fatty acids melted at 68.6° C. and 68.5° C.; hence these 
glycerides apparently consist of tristearin. The hydrogenated cottonseed oil 
examined yielded a mixture of glycerides of melting-point 61.3° C. and derived 
fatty acids melting at 38° C. 

3413 . THE ANALYTICAL CONSTANTS OF HARDENED OILS 


(According to Lehmann (Chem. ZiQ. % 1914, 798.) 


Hardened Oil 

Melting- 
point °C. 

Solidify- 

ing-point 

°C. 

Differ- 
ence °C. 

Acid 

Number* 

Saponifi- 

cation 

Number 

Iodine 
Num- 
ber f 

Appearance 

Peanut oil 

42.8 

31.6 

11.2 


188.2 

59.0 

White, tallowy 

Peanut oil 

35.5 

24.5 

11.1 


188.5 

62.6 

White, tallowy 

Peanut oil 

37.8 

27.0 

10.8 


186.9 

59.5 

White, tallowy 

Peanut oil 

37.7 

26.8 

10.9 



.... 

White, tallowy 

Sesame oil 

35.2 

24.2 

11.0 

3.0 

185.0 

65.6 

White, lardlike 

Sesame oil 

36.9 

24.4 

11.5 

3.1 

190.2 

64.9 

White, tallowy 

Sesame oil 

35.8 

24 5 

11.3 

mm 


.... 

White, tallowy 

Cottonseed oil. . 

30.0 

18.2 

11.8 

KS9 

193.7 

70.9 

Yellow, lardlike 

Cottonseed oil. . 

33.6 

21.8 

11.8 

SfiB 

192.5 

09.0 

Yellow, tallowy 


* Milligrams of caustic potash per gram of fat. t HQbl Method. 


3414 . The iodine values of hydrogenated oils which before hardening had 
high iodine numbers have been determined by Kelber and Rheinheimer 9 using 
the methods of Gaebel, Hubl, and Wijs and concordant results were obtained 
by all three methods provided a sufficiently long time was allowed for the action 
of the iodine solution. 

3416 . Data on hardened oils by Davidsohn 10 are tabulated below: 



Melting- 

Point 

°C. 

Acid 

Number 

Saponifi- 

cation 

Number 

Moisture 

Ash 

Talgol 

39.3 

3.4 



0.07 

Talgol extra 

46.5 

3.5 



0.05 

Candelite 

49.0 

3.2 



0.08 

Candelite extra 

51.9 

3.9 

190.8 


0.04 

Coryphol 

79.3 

3.3 

189.9 

0.18 

0.05 



• Z. Untera. Nahr. Genussm ., 1914 , 153; J.S.C.I., 1914 , 323. 

• Arch. Pharm ., 1917, 417; J.S.C.I. , 37 , 34A; Chem. Abat ., 1918, 1004. The chemical Con- 
stanta of linseed oil before and during hydrogenation have been determined by Vaasiljev. 
Oil Fat Ind. (Russia), 1998 , No. 7, 9; Chem . Centr., 1928 , ii, 2417. 

10 Otq. /. d. 01 - und Fetthdl. 1913, Nos. 14 and 15, and Seifen. ZIq. % 1913, 529. 
































354 


HYDROGENATION 


These hardened fish oils or other hardened oils put out under the trade names 
indicated have been manufactured by the Germania Oil Works of Emmerich. 

3416 . A species of hardened fish or whale oil, known as “ Talgit,” has been 
examined by M tiller, 11 who found the product to have an acid value of 12.8, an 
iodine number of 49 and a titer (fatty acids) of 39.4° C. The fat was saponified 
and pressed to obtain stearic acid. It was found that the operation of pressing 
could be carried out effectively to yield a product technically free from liquid 
fatty acids; 35 per cent of solid fatty acid having a titer of 48.7° C. was thus 
obtained. Mtiller states that Bince mixtures of stearic and palmitic acids possess 
a solidifying point above 53.5° C. the low titer of the solid acids of Talgit points 
to the presence of solid acids other than stearic and palmitic. Dubovitz 11 thinks 
the low melting-point to be due to the presence in the original fish or whale oil of 
hypogaeic and physetoleic acid or similar acids with possibly unsaturated fatty 
acids of a still lower number of carbon atoms. 

3417 . Results obtained by Sandelin w on the examination of hydrogenated 
products prepared from whale oil at a factory in Kaipiais, Finland, and also of 
hydrogenated whale oil, made in Germany and offered to a Finnish margarine 
factory, were: 



Melting- 

point 

Solidify- 

ing-point 

°C 

Refrac- 
tometer 
Reading 
at 40° C. 

Saponifi- 

cation 

Value 

Acid 

Value 

Original whale oil 

fluid 

fluid 

64.1 

192.2 

9.50 

Artificial tallow .... 


38.1 

48.9 

183.7 

9.88 

Artificial stearin© 


47.3 

32.4 

187.7 

7.80 

Hydrogenated whale oil (German) 

E9 

31.9 

48.2 

190.9 

5.30 



Iodine 

Value 

(Wijs) 

Reichert- 

Meisal 

Value 

Polenske 

Value 

Molecular 
Weight of 
Insoluble 
Acids 

Melting- 
Point of 
the Ara- 
chidic 
Acid 

Nickel 

Reac- 

tion 

Original whale oil 

mrrm 

mm 


wsa 

— 

— 

Artificial tallow 1 

■ rKI 




75.5 

+ 

Artificial stearine 

life IKS 


Kijttfl 

mZSM 

74.1 

+ 

Hydrogenated whale oil (German). 

57.8 

0.18 

0.50 

wm 

76.0 

+ 


3418 . Svendsen reports on the chemical composition of hardened whale oil. 
A sample of hardened whale oil had acid value 1.5, saponification value 195.7 
iodine number 59.8, refractometer reading at 40° C., 50; it yielded no insoluble 
bromide. The fatty acids consisted of 10.8 per cent of myristic acid, 17.9 per 

“ Seifen. ZUj., 1913, 1376. 

. « Ibid., 1913, 1445. 

u Teknike m. 1913, 359; Chem. Tech. Ber., 1914, 38,321; J.S.C.I., 1914, 1097. 
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cent of palmitic acid, 10.6 per cent of Bull's Cu-acid, 10.8 per cent of stearic acid, 
27.7 per cent of oleic acid, 3.4 per cent of arachidic acid, 8 per cent of a solid acid 
CsiHuOt, 2.5 per cent of behenic acid, and 8.8 per cent of an acid, C M H 4 oO*. 14 

3419. Aufrecht 16 examined a number of hardened oils with the following 
results: 



1 

Durotol 

(Yellow) 

2 

Durotol 

(White) 

3 

Hydrogenated 
Train Oil 

Color 

Yellowish 

White 

White 

Specific gravity at 15° C 

0.9252 

0.9257 

0 9268 

Melting-point, °C 

46.5 

46.0 

48.0 

Solidification-point, °C 

43.5 

43.5 

45 5 

Viscosity at 50° C 

6.4 

5 4 

5.6 

Acid number (calculated as oleic acid) 

Saponification number 

0.51 

162.2 

0.57 

161.0 

0.83 

173.5 

Unsaponifiable matter (per cent) 

1.92 

2.1 

2.4 

Acetyl number 

1.2 

1.2 

0.95 

Iodine number 

3.9 

4.2 

7.8 

Hehner number 

95.8 

95.8 

96 4 

Reichert- Meissl numi>er 

0 38 

0.36 

0.52 

Water 


0.0 

0.0 

Ash 


0.03 

0.05 



3420. Saponification Number: Unsaponifiable Matter. The saponification 
number practically does not change. The content of free fatty acids changes 
but little. A sample of cottonseed oil containing 1.8 per cent fatty acid was 
found, after hardening to various degrees, to have a fatty acid content ranging 
from 1.4 per cent to 1.9 per cent. With sesame oil containing 2.44 per cent fatty 
acid the resulting hardened oil contained 2.55 per cent of acid. The content 
of unsaponifiable bodies does not essentially change. Cottonseed oil having 0.55 
per cent unsaponifiable matter, after hardening, showed an unsaponifiable con- 
tent of 0.45 to 0.55 per cent, while sesame oil with 0.70, after hardening, had 0.85 
per cent unsaponifiable. 

3421. The sterols, according to Bomer, are not changed during hydrogena- 
tion of oils containing them, 14 though they are readily hydrogenated in appro- 
priate conditions. 17 

3422. An examination of the unsaponifiable constituents of several hard- 
ened oils has been made by Marcusson and Meyerheim, 18 who used the digi- 
tonin method for the separation of sterol. The following table gives the results 
obtained: 


14 Tidakri/t Kemi, Farm. Teraphi , 1916, 90 285; J.S.C.I. , 1917 , 603. 
18 Pharm. Ztg., 1919 , 876. 

Cf. para. 3479. 

17 See paragraphs 3461, 3464, also Chap. XXX, paragraph 3003, et aq. 
11 Zcxtsch . /. angew. Chem ., 1914, 27, 201. 
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UNSAPONIFIABLE CONSTITUENTS OF HARDENED OILS 



Total 

Unsa- 

ponifi- 

able 

Matter 


Sterol 
Obtained 
by Digi- 
tonin 
Method 

Sterol-Free Unsaponifi- 
able Components 

Per 

Cent 

H. 

Per 

Cent 

Per 

Cent 

M. 

Iodine 

Number 

Cottonseed oil (solidifying-point 32° C.) . . . 


- 5.8 

0.22 

0.4 

+ 6.8 


Cottonseed oil (solidifying-point 38° C.) . . . 

0.6 

db 0 

0.14 

0.4 

+ 8.1 


Linseed oil 

10 

+ 19.5 

0 21 

0.7 

+ 19 

85 

Castor oil 

M>» M 

-10 1 

0.13 

0 19 

+ 5.2 


Talgol 

0.9 


0.10 

0.7 

+ 1.3 

56.1 

Talgol extra 

BS9 

-33 


0.7 



Candelite 


+ 4 7 


LJPI 

+ 4 8 


Candelite extra 

ta 

+ 14 


KB 

+ 2.8 

.... 


3423. The examination showed that the sterol content of hardened fats is 
slightly less than that of the corresponding natural fat or oil. The cottonseed 
oil first listed was prepared by the Wilbuschewitsch process at 150° to 160° C. 
with hydrogen under pressure. The second sample of the cottonseed oil was 
made by the Normann process, presumably at a higher temperature but with- 
out pressure. At temperatures of 150° to 160° C. apparently the difficultly redu- 
cible sterol is not affected by hydrogen and Marcusson and Meyerheim call 
attention to the observations of Adamla 19 who could not hydrogenate chole- 
sterol with a nickel catalyzer at temperatures below 170° C. Marcusson and 
Meyerheim found cholesterol to hydrogenate readily at 195° C. while phyto- 
sterol was practically unchanged after treatment with hydrogen at 200° C. From 
these and other tests it was found that cholesterol is much less resistant than 
phytosterol to the action of hydrogen. 

3424. The content of sterol decreases with increasing melting-point as shown 
by the following table: 


Hydrogenated Oil 

Iodine 

Number 

Solidifying- 

point 

Sterol 

Content 

WhidB oil (not hvdroirennted) . . 

114 


0. 13 

Talgol 

67 

31 

0.10 

Talsol extra 

36 

38 

0.07 

Candelite 

20 

42 

0.05 

Candelite extra 

13 

45 

0.02 



3426. The unsaponifiable constituents of hardened fat when freed from 
sterols were of light yellow color and of salve-like consistency. These sterol- 

■* Dissertation. Beitrage lur Kenntnis dea Choleaterins, Freiburg, 1911, 12. 



























OILS: ANALYTICAL 


257 


free bodies obtained from Talgol, Talgol extra, Candelite and Candelite extra, 
when recrystallized from benzine, yielded a product melting between 59.3° and 
59.8°, which proved to be a fatty alcohol, probably octodecyl alcohol. 

3426. Acetyl Number. In the case of the acetyl number more noticeable 
changes take place according to Normann and Hugel. When hardening castor 
oil, for example, the hydroxyl number in one sample dropped from 156 to 102; 
in another sample the number fell to 131. The hydroxyl group is thus more or 
less broken down by the hydrogenation process, at least under some conditions 
of treatment. 


Hydrogenated Castor Oil (Garth) 


Acid number 3.5 

Saponification number 183.5 

Iodine number 4.8 

Acetyl number 153.5 

Acetyl number of the fatty acids 143.1 

Acid number of the fatty acids 184.5 

Saponification number of the fatty acids 187.9 

Melting-point of the fat 68° C. 

Melting-point of the fatty acids 70° C. 

Melting-point of the acetylatod acids 47° C. 


3427. The properties of hardened castor oil have been noted by Garth 10 
whose observations differ somewhat from those of Normann and Hugel. As is 
generally known, castor oil differs materially from many other common oils in 
its solubility in alcohol and difficulty of salting out its soaps by electrolytes. 
The solubility in alcohol decreases with increasing hardness. When the hydroxyl 
group is completely hydrogenated the fat is, of course, no longer soluble in alcohol. 
Castor oil is miscible with gasoline only to a limited degree. With increase of 
hardening this peculiarity disappears.* 1 The constants of one sample of hard- 
ened castor oil examined by Garth are given in the above table. 

3428. These results obtained by Garth indicate that the saponification and 
acetyl number did not change. The iodine number fell greatly and the melting- 
point was much increased. The difference between the acid number of the fatty 
acids and their saponification number points to the formation of lactones. As is 
known castor oil has the property at high temperatures of forming anhydrides, 
accompanied by polymerization. 

3429. Color Reactions. The effect of hydrogenation on color tests of oils is 
variable. Thus the Baudouin sesame oil test is not influenced; in fact the reac- 
tion seemingly is sharper after treatment of the oil with hydrogen, while the Hal- 
phen test is not likely to give positive results even with oils which have been only 
slightly hardened. 

3430. The Becci test is operative with slightly hardened cottonseed oil, but 
is indistinct with highly hardened oil so that this test is significant only in event 
of a positive coloration. 

10 Seifen. ZUj. t 1912. 1309. 

11 See alflo para. 3341, page 347. 
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3431. Hardened fish oil loses all its essential characteristics, such as the for- 
mation of well-defined bromine compounds of the higher unsaturated fatty 
acids. Thus there are obtained after hardening, new fatty acids corresponding 
to the saturated bodies, arachidic (CjoH 4 oOi) and behenic (CnH 44 0 2 ) acids, 
which in variable amounts up to a proportion of 20 per cent and more have been 
observed in certain hydrogenated oils. In the hardening of rape oil behenic acid 
is formed from the erucic acid present. Other oils or fats with a noticeable pro- 
portion of acids with more than 18 carbon atoms in the molecule apparently 
scarcely ever come into the trade. 

3432. The complete conversion of erucic acid to behenic acid is readily 
obtained by reducing with hydrogen in the presence of nickel. This method 
has been used by Lewkowitsch in the determination of erucic acid. 22 

3433. The saturated fatty acids obtained by the hydrogenation of the unsat- 
urated acids of Japanese sardine oil were found by Majima and Okada 23 to have 
a melting-point of 75° C. and a molecular weight of 349, and consisted in the 
main of the higher homologs of stearic acid, such as CjoH 40 Oi or C«H 44 0i. 

3434. The glycerol content of hardened fats was determined by Normann 
and Hugel, 24 using several of the published methods, and the results obtained 
compared with those calculated from the ester values. The results obtained by 
the bichromate method agreed very well with the calculated values. Willstat- 
ter's method gave satisfactory results, but the results obtained by the acetin 
method were 1 J per cent lower than the calculated values. 

3434A. Mackey Tests on Cottonseed Oil. Aspegren 24fl finds that the 
tendency to spontaneous heating falls with the progressive disappearance of 
linoleic acid during hydrogenation. 


II. Detection and Estimation or Hydrogenated Oil 

3436. The methods used for the detection of hydrogenated oil are based on 
characteristics of the raw material and on changes produced during hydro- 
genation. 

3436. Detection of Nickel. The 'detection of nickel in a suspected sample of 
fat raises an almost irrebuttable presumption that hydrogenated oil is present. 
A negative result does not exclude the possibility, first, because modern methods 
of hydrogenation using nickel catalyst and subsequent treatment of the hardened 
fat will sometimes yield a product in which nickel cannot be detected; secondly 
some other catalyst may have been used. 26 

3437. Many methods have been worked out for the detection of traces of 
nickel in fats. Most of these methods depend on the use of dimethylglyoxime 
introduced by Tchugaeff. 

” Lewkowitsch, Oils, Fats and Waxes, 5th edition, Vol. 1, 195 and 553. 

« J.S.C.I . , 1914. 362. 

*« Chem. Umschau., 1916, 13 , 45. 

MOU&Fat Ind., 1929, 6 , 19; Brit. Chem. Abst ., 1919 , 217A. 

11 On the natural occurrence of traces of nickel in foodstuff, see paragraphs 3446 and 3447. 
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3438 . Kerr’s method 56 is intended for fats and oils and is highly practical. Ten 
grams of the fat to be tested are heated on the steam-bath with 10 cc. of hydro- 
chloric acid (specific gravity 1.12), with frequent shaking for two to three hours. 
The fat is then removed by filtering through a wet filter paper, the filtrate being 
received in a white porcelain dish. The filtrate is evaporated to dryness on the 
steam bath, 2 to 3 cc. of concentrated nitric acid being added, after it has been 
partly evaporated, to insure the destruction of all organic matter. After the 
evaporation is complete the residue is dissolved in a few cubic centimeters of dis- 
tilled water and a few drops of a 1 per cent solution of dimethylglyoxime in alcohol 
added. A few drops of dilute ammonia are then added. The presence of nickel 
is shown by the appearance of the red colored nickel dimethylglyoxime. The 
amount of nickel present may be estimated by comparing the color developed 
with that developed in a standard solution of a nickel salt. 

3439 . Lehmann 57 reports the following results: 

Ash of Hardened Oil 


Oil 

Milligrams per Kilo 

Total Ash 

Iron 

Nickel 


Peanut 



2.3 

Peanut . . 

27.5 

40.0 

5.3 

6.3 

1.6 

Peanut 

6.1 

Peanut 

4.2 

Peanut . . 



5.0 

Sesame 

18.5 

6 0 

1 . 1 

Sesame 

23.0 


1 . 1 

Sesame . . 


1.0 

Cottonseed 

23.5 


0.07 

Cottonseed 

30.0 


0 5 

Cottonseed 

0.4 





The ash contained in addition very small amounts of aluminum, xinc and calcium. 

3440 . The detection of nickel in fats is carried out according to Schoenfeld by igniting 
5 to 10 g. of the fat in a porcelain crucible. The ash is treated with 1 cc. of concentrated 
hydrochloric acid and heated on the water-bath, then dissolved in 2 to 3 cc. of water, filtered 
and the filtrate evaporated in a small porcelain dish. After moistening with a few drops of 
water a solution of dimethylglyoxime is added in the usual manner. Schoenfeld observed 
that far more certain results are obtained in this manner than by extracting the fat with 
hydrochloric acid, evaporating the hydrochloric acid solution and testing the residue for 
nickel" 

3441 . The test for nickel involving extraction of the oil with hydrochloric 
acid, was not regarded by Prall as reliable under all conditions and he has found 
the following procedure to be more satisfactory: 19 

91 lnd. Eng. Chcm., 1914 , 207. 

97 Chem. Ztg., 1914 , 798. 

» Siefcn. Ztg., 1914, 946. 

n ZeiUch. /. Untcra. d. Nahrungs- u. Genusamiiiel , 1912, 109. 
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One hundred to 200 g. of the fat are burned, little by little, in a platinum dish, and the 
residue is ignited. The ash is dissolved in 3 to 5 cc. acidulated water, containing 5 to 10 
drops hydrochloric acid. The solution is heated somewhat to remove a considerable portion 
of the excess of acid and is then rendered alkaline with ammonia. On allowing to stand for 
one hour, iron and aluminum precipitate and are removed by filtration. The filtrate is evap- 
orated to dryness in a small porcelain dish. The residue is moistened with ammonia and 
then a small amount of an alcoholic solution of dimethylglyoxime is added. Even with 
very small amounts of nickel (0.1-0.01 m.g. in 100 g. of fat) a distinct red coloration is 
apparent. 

3442. Positive results are attained only by using at least 100 g. of the fat. The most 
convenient method of burning off the fatty matter is to heat the sample to the fire-point 
and allow the organic matter to quietly burn away. A blank test may be conducted by grind- 
ing nickel sulphate with oil and adding 1 cc. or 0.1 cc. (corresponding to 0.0002 g. or 0.00002 g., 
respectively of nickel) to 100 g. of oil, which is ignited and the residue tested as noted above. 10 

3433. The Effect of Hydrogen on Oil Containing Dissolved Nickel. A sample of cotton- 
seed oil which Ellis hardened with about 1 per cent of reduced nickel catalyser was allowed 
to stand for two years in contact with the catalyser. The hardened fat was then melted and 
the catalyser removed by filtration. The filtered fat was distinctly green in color and on 
analysis was found to contain 0.04 per cent of nickel. A quantity of the filtered fat was 
subjected to a gradual increase of temperature, while a current of hydrogen was passed through 
the liquid fat. Portions removed at 145° C. and again at 160° C., still had a green tinge. 
At 170° C., the green color practically disappeared and at 185° C. no green color could be 
detected although the oil was apparently unblackened by formation of precipitated nickel. 

3444. The detection and determination of small quantities of nickel by or-ben- 
zildioxime is described by Atack 11 as follows: An alcoholic solution of a-ben- 
zildioxime gives with nickel compounds a bulky red precipitate which is insolu- 
ble in water, alcohol, acetone, 10 per cent acetic acid and ammonia; the precipi- 
tate becomes reddish yellow on boiling. The reagent is much more sensitive 
than dimethylglyoxime, showing 1 part of nickel in 5 million of water, and the 
precipitate is readily filtered. Small quantities of nickel are determined as fol- 
lows: 150 cc. of a hot saturated alcoholic solution of the oxime are added for 
every 0.01 g. of nickel, the mixture is heated for a few minutes on the water- 
bath, filtered, the precipitate washed with hot alcohol, and dried at 110° to 
112° C.; it has the formula C«H*iN 4 0 4 Ni and contains 10.93 per cent nickel. 
Nickel may be separated from cobalt in ammoniacal solution. a-Benzildioxime 
is prepared by boiling 10 g. of benzil, dissolved in 50 cc. of methyl alcohol, with a 
concentrated aqueous solution of 8 g. of hydroxylamine hydrochloride, for six 
hours, washing the precipitate with hot water and then with a small quantity 
of ethyl alcohol, in which it is only slightly soluble. It may be crystallized from 
acetone. 

3446. According to Lindt, nickel may be determined colorimetrically by 
means of potassium thiocarbonate. Metals of the hydrogen sulphide group and 
manganese, cobalt and zinc should not be present. 11 

3446. Natural Occurrence of Nickel in Animal and Vegetable Tissues. Cer- 
tain tissue constituents of cardinal importance are present in scarcely detectable 
quantity. This has long been known to the biochemist, but the truth has recently 
been brought home to the laity by their familiarity with the vitamins. Among 
substances of apparently constant and possibly essential presence are metals. 

10 Z. angew. Chem., Aufsatxteil, 1915, 40. 

,l Chem. Ztg., 1913, 37, 773. 

“ J.S.C.I . , 1914, 335. 
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Thus, zinc in minute traces is found in the gonads. Recently nickel has been 
discovered as an associate of insulin and there is a suspicion that the association 
may be functional. Several workers have reported the natural occurrence of 
nickel and cobalt in other animal and in vegetable tissues. Bertrand and M&che- 
boeuf found 0.09 mg. nickel in human liver and 0.022 mg. in the brain, per kilo- 
gram of organ weight. Nickel was also detected in tissues of the bull, fowls, fish, 
lobster, molluscs and tuni cates. In the mussel 0.455 mg. of nickel per kilo was 
present. Cobalt was often present but no quantitative work was done on this 
metal.” 

3447 . Bertrand and Mokragnatz 14 examined twenty-three vegetables and 
found nickel and cobalt in all, nickel being present in larger quantity. The nickel 
was present in amounts from 0.01 mg. in the tomato to 2.0 mg. in the pea, while 
cobalt ranged from 0.003 mg. in the carrot to 0.3 mg. in the lentil, all per kilo- 
gram of fresh material. 

3448 . Detection of Iso-oleic Acid . The method of Twitchell, already described 
in paragraph 3304, is the best for the identification and estimation of iso-oleic 
acid. The presence of iso-oleic acid in beef fat in small quantity reported by 
Twitchell ( loc . cit.) seems to be an isolated observation: one wonders whether 
the specimen was authentic or whether some hydrogenated fat had been present 
in feed cake eaten by the animal. Apart from this one anomalous instance, the 
possession of more than a fractional iodine number by the solid fatty acids 
separated by the Twitchell method may be taken as evidence of the presence of 
hydrogenated oil. 

3449 . Formerly * 5 an attempt would be made, by collating the quantity of 
iso-oleic acid found with other quantitative characters of a fat, to estimate, 
approximately, the percentage of hydrogenated oil present. Owing to the intro- 
duction of processes with low hydrogenating temperatures this would now be 
practicable only if the hardened oil and its method of manufacture were known. 
Otherwise, the estimation of iso-oleic acid must be regarded as little more than a 
method for detecting hydrogenated oil. If a high percentage of iso-oleic acid is 
found, e.g., 30-40 per cent, the fat is probably composed almost entirely of 
hydrogenated oil which has been hardened at a high temperature. 

3400. Klimont and Mayer 14 propose the following test for hydrogenated oil in butter 
substitute: 2 to 3 g. of the sample is melted, and dissolved in acetone to a total volume of 
50 cc. After standing for twelve hours at the ordinary temperature, the crystals which 
separate then are filtered off, dried and weighed. Oleomargarine yields 12 to 13 per cent of 
crystals of m.p. 45° to 47° C. In the caso of artificial mixtures of oleomargarine with hydro- 
genated fish oil and rape oil, the portion crystallizing from acetone was, in all cases, consid- 
erably greater than 12 to 16 per cent, which may be taken as the limits for genuine oleo- 
margarine. It was possible by this test to detect 3.5 per cent of hardened fish oil when 
this was added, together with 5.5. per cent of rape oil, to oleomargarine. 

M Compt. rend,, 1925, 180, 1380. For physiological rdle and pharmacology of nickel and 
cobalt consult Bertand and Nakamura. Compt. rend., 1927, 188,321 and Mascherpa, Arch, 
exp. Path. Pharm., 1927, 134, 356; Brit. Chem. Abet ., 1927, 992A; Yamagami, Folia pharmacol., 
Japan, 1928, 8 , 389; Chem. Abet ., 1929. 13, 2216. 

14 Bull. Soc. chim., 1925, iv, 37, 554; Science, 1929, 69, May 24, p. 12, refers to similar 
work by Kaufman n and Keller. 

M CJ. Williams and Bolton, Analyst, 1924, 49, 464. 

"Z. anoexo. Chem., 1914, 37, 645; J.S.C.I. , 1915, 148. 
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3461. Gerritzen and Kauffmann 17 seek to detect the presence of hardened oil 
in tallow by means of the iodine number of the solid fatty acids separated by 
TwitchelTs method (see para. 3304, this volume). The iodine value of the fatty 
acids separated from beef fat by the Twitchell method, is always below 6; a 
higher iodine value indicates admixture, either with mutton fat, for which the 
corresponding value may be as high as 13, or with hardened vegetable oils, for 
which, owing to the presence of iso-oleic acid (see para. 3300) and related acids, 
the corresponding value may be as high as 27. If there has been no admixture 
with mutton fat the percentage of hardened vegetable oil in a commercial 
beef fat may be calculated with fair accuracy from the iodine value of the sepa- 
rated fatty acids. 18 

3462. Detection of Arachidic Acid. As a test for hydrogenated peanut oil, 
Kreiss and Roth 19 have given a method which consists in saponifying 20 g. of 
the oil with 40 cc. of alcoholic potash; then adding 60 cc. of alcohol and acidify- 
ing by the addition of 50 per cent acetic acid of which approximately 15 cc. are 
required. One and one-half grams of lead acetate are added and the mixture 
allowed to stand overnight. The lead salts which separate are decomposed by 
boiling with 5 per cent hydrochloric acid, the fatty acids are dissolved in 50 cc. 
of 90 per cent alcohol writh slight warming and the solution is placed in water at 
15 degrees for about one-half hour. The crystals which separate are recrystal- 
lized from 25 cc., then 12J cc. of 90 per cent alcohol and the melting-point deter- 
mined. The presence of at least 5 per cent arachidic acid causes the melting- 
point of the third crystallization to be over 70° C. 

3463. Normann and Hugel 40 state that this test is applicable likewise to 
hardened fish and rape oil. They tested a number of samples of fish oil from sev- 
eral sources and found in each case that the melting-point of the recrystallized 
fatty acids was at least 70° C. Normann and Hugel also state that it is unneces- 
sary with hardened fish oil to allow the lead acetate to react for several hours, 
it sufficing simply to let the mixture stand until cooled to room temperature; 
this can be hastened by cooling with water. So large a proportion of fatty acids 
is obtained according to this procedure that the specified amount of alcohol is 
not sufficient to dissolve them. It is better to use 100 to 150 cc. of alcohol and 
heat on the water-bath until solution is effected. The application of heat should 
not be continued for any great length of time as arachidic acid readily forms 
esters. The mixture is then placed in cold water, cooled to room temperature 
and the separated material collected and crystallized several times from alcohol 
used in progressively diminishing proportions. Three crystallizations suffice for 
only slightly hardened fats. With fats of higher consistency one must recrystal- 
lize several times more until the melting-point is constant. 

3464. In one case using hardened fish oil having a melting-point of 44°, three 
recrystallizations from alcohol gave a constant melting-point of only 63°, while 

17 Chem. Weekblad., 1927, 14 . 654. 

* Brit. Chem. Abet., 1917 . 944B. 

» Chem. Zto., 1913, 68 and 369. 

40 Ibid., 1913, 815. 
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further recrystallization using acetone caused the melting-point to advance to 
76°. In doubtful cases one should try several solvent mediums. If the melting- 
point is found to be above 70° C. Normann and Hugel think it proof that either 
hardened fish, rape or peanut oil is present. 

3466. In the identification of hardened marine oils and rape oil, Normann 
and Hugel supplement the usual melting-point test for arachidic acid by the 
determination of the saponification value of the fatty acids, using an excess of 
alkali and titrating back the excess. A direct determination with N/10 alkali 
is uncertain. 41 

3466. The hydrogenation process is used by Biazzo and Vigdorcik 43 as a 
means of determining colza or rape oil in olive oil. The procedure is based on 
the transformation of erucic into behenic acid, using palladium as catalyzer. 
Behenic acid is characterized by slight solubility in 90 per cent alcohol, by high 
melting-point (84°) and by its quantitative yield from erucic acid. The cata- 
lyst was that of Mannich and Thiele 43 made by depositing reduced palladium 
upon ignited animal charcoal, giving a catalyzer that will saturate fatty sub- 
stances completely, using 1 part palladium to 15,000 parts oil. 

3457 . Biaxso and Vigdorcik's method is as follows; Saponify 20 g. of the oil and extract 
fatty acids with ether and sulphuric acid. Dry the ether extract with calcium chloride, distil 
ofT the solvent and remove the last traces from the residue by placing in hot oven for fifteen 
minutes and blowing a current of air over it from time to time. Dissolve the acids obtained 
in 180 cc. anhydrous acetone, warm on the water-bath to incipient boiling, add 20 cc. N 
caustic potash and cool to 15°. Collect the precipitated fatty acids by use of the pump, 
wash with 4 portions of 10 cc. cold acetone, finally dissolve in water and extract from the solu- 
tion the solid fatty acids with hydrochloric acid and 100 cc. ether. Wash the ethereal extract 
twice, each time with 100 cc. water and then shake for five minutes with 15 cc. 30 per cent 
aqueous solution of lead acetate, subsequently removing the subnatant aqueous layer. 
Filter tho precipitate "A” of lead soaps from the ethereal solution "B," first aUowing the 
liquid, if necessary, to stand on a bath at 23° to 25° for one-half hour. Examine the precip- 
itate “A” for arachidic and lignoceric acids, i.e., for peanut oil. Free solution “B” from 
lead by use of hydrochloric acid and wash till the mineral acid is completely removed. Hydro- 
genate by palladium catalyzer till hydrogen is no longer adsorbed, filter and evaporate tho 
solvent. Treat the residue by fractional crystallization as in tho method of separating ara- 
chidic and lignoceric acids. If the final crystallization gives a substance with melting-point 
above 71 °, the oil under examination contains a cruciferous oil. Positive indications are fur- 
nished by a melting-point between 76° to 79°. Tho sensitiveness of tho method depends 
upon the care employed in preparing the palladium catalyzer, and in collecting and washing 
tho acid potassium soaps, insoluble in acetone, at 15°. 

3468. Bomer’s 44 Difference Number.” 44 Fifty grams clear filtered fat is dis- 
solved in 50 cc. ether and allowed to stand, covered, for one hour at 15° C. f with 
frequent stirring. Filter with suction: press the crystals. Dissolve in 50 cc. 
ether and repeat. Repeat all until glycerides melt at 61°-65° C. For very soft 
fats work at 5° C. and wait two hours for crystallization. Reduce 0. 1-0.2 g. to 
a powder and set aside one half for melting-point determination. Saponify the 
other half by boiling for five minutes with 10 cc. half-normal alcoholic KOH. 
Dilute with 100 cc. water, place in separatory funnel, add 2-3 cc. 25 per cent 

41 Chem . Umschau., 1916, 33 , 131; J.C.S.I . , 1917 , 658; Chem. Abet., 1917 , 2736. 

41 Ann. Chim. applicate, 1916, 6 , 185-195,; J.S.C.I. , 1917, 90; Chem. Abst, 1917, 713. 

44 Chem. Abst., 1918, 10 , 2158. 

44 Z. Untere. Nahr. Genusem., 1914. 26 , 559; Chem. Abst., 1914, 8, 1174. 
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HC1, shake with 25 cc. ether, wash the ether twice with 25-cc. portions of water, 
filter through dry filter into a dish, boil off the ether and dry the fatty acids for 
one hour at 100° C. Cool, reduce to a powder. Determine the melting-point 
at once , simultaneously with that of the glycerides, by the capillary tube method. 
The difference in the melting-points is the Bomer difference number. Accord- 
ing to Gronover and Blechschmidt 46 this method is suitable for the detection of 
hydrogenated train oil in lard. 

3469. An investigation of this Bomer difference number method, which was 
originally intended for the detection of tallow in lard, made by Prescher 46 led 
to the examination of fifty-eight fats by both this method and by the Polenske 47 
method. 

In the case of 25 samples of adulterated lard only 3, containing, respectively, 10, 30 
and 30 per cent of beef tallow, could be detected by the Polenske method, the others, some 
containing as much as 15 per cent of beef tallow, giving negative tests. The Bomer 
method failed in only two cases, in which 5 and 10 per cent, respectively, of beef tallow were 
present. Eighteen samples of pure lard gave negative tests by the Bomer method, the 
Polenske procedure giving false indications of adulterations in two cases. Hydrogenated 
vegetable oils give a positive Bomer test and can also be distinguished from beef tallow by the 
phytosterol acetate test. 

3460. Unsaponifiable Matter. Examination of the unsaponifiable matter has 
been suggested and used as a test for detecting animal fat in vegetable fats and 
vice versa . The first procedure involves a quantitative determination of the 
unsaponifiable matter. The method of doing this is fully described in manuals 
of oil analysis. 48 According to Wittka 49 this estimation serves especially well 
for the detection of additions, whether of animal or vegetable origin, to beef fat. 
He observes that whereas beef tallow and its products normally contain 0.27 per 
cent of unsaponifiable matter, and at most 0.35 per cent, the animal and vege- 
table oils usually used for hardening purposes, as rape, sesame, linseed, soya, 
whale, seal, sardine, and herring oils, have much higher values varying between 
0.75 and 1.40 per cent (castor oil is an exception with a value of 0.2 per cent). 
Since these figures remain substantially the same after the oils are hardened, the 
determination of unsaponifiable matter affords a direct test for the presence of 
hardened fats. 60 

3461. In 1891 Bdmer introduced the phytosterol acetate test as a means of 
detecting the addition of cheap vegetable fats to the more expensive animal fats. 
The test (which is by no means simple in technique) depends on the isolation 
from the unsaponifiable matter of a phytosterol (vegetable sterol) which, on 
acetylation, gave an acetyl compound with a melting-point of 125° C. or higher. 
In 1891 only one cholesterol (animal sterol) was known and that gave an acetate 
melting at 114°-115° C. Since then, however, at least two animal sterols have 
been discovered whose acetates melt at 129° C. and at 134° C. Fortunately they 

44 Z. Untereuch. Lebensm ., 1927. 53 , 250; Chem. Abet., 1927, 21 , 3398. 

44 Z. Unlere. Nahr. Cenueem., 1917, 29 , 433. 

47 Chem. Abet., 1908, 2 , 716. 

44 Lewkowitsch, Oils, Fats and Waxes, 5th ed. 

44 Chem. Umechau., 1927, 34 , 295. 

*> Brit. Chem . Abet., 1927 , 944B. 
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are found in substances (chrysalis oil and wool-fat respectively) not often used 
as adulterants of animal fats. Therefore, the phytosterol acetate test may still 
be useful to detect the presence of vegetable oils and fats in animal fats and, if 
the sterol undergoes no change in the conditions of industrial hydrogenation, it is 
available for the detection of hardened vegetable oil. 61 For a discussion of the 
value of the test and for details of the technique the reader is referred to an arti- 
cle by Allan and Moore ( J.S.C.I. , 1927, 433T). 

3462. According to Sprinkmeyer and Diedrichs H the quantity of phytosterol 
obtained from oils is reduced by hydrogenation. 

3463. A report on fats and oils by Kerr 61 affords a study of two methods for 
the detection of phytosterol in mixtures of animal and vegetable fats: (1) Bureau 
of Animal Industry method 54 and (2) the digitonin method of Marcusson and 
Schilling. 66 

Three samples were sent out: (1) Lard containing 5 per cent cottonseed oil and 0.25 per 
cent vaseline. This amount of vaseline would effectually prevent accurate observations by 
the present provisional method. (2) Pure lard, rancid. Rancidity interferes decidedly 
with the present method. (3) Lard containing 2.5 per cent hydrogenated cottonseed oil and 
2.5 per cent soya-bean oil. Three collaborators were led to correct conclusions by each 
method. The digitonin method is more simple and convenient but the reagent is expensive 
and difficult to obtain. The Bureau of Animal Industry method requires more time and 
labor in manipulation but does not depend on an expensive reagent. Both methods are 
decidedly superior to the present provisional method and are recommended for adoption by 
the Association as provisional methods. 

3464. The effect of hydrogenation on cholesterol and phytosterol has been 
investigated by Marcusson and Meyerheim, 66 with the following results. 

Cholesterol and phytosterol were separated from the unsaponifiable matter of natural 
and hydrogenated oils and fats by the digitonin method of Windaus. 17 The amounts found 
in natural fata ranged from 0.03 (tallow to 0.38 per cent (linseed oil). Calculated on the 
unsaponifiable matter the proportion ranged from 33 to 55 per cent in the case of tho vege- 
table oils examined, and from 8 to 14 per cent in the case of the animal fata (cod-liver oil and 
tallow). In addition to phytosterol or cholesterol other alcohols are present in the unsaponi- 
fiable matter, which either neutralise the optical lievorotation (as in the case of cottonseed 
oil) or even produce dextrorotation (linseed, cod-liver, and especially sesame oil). The 
presence of sesamol affords a means of detecting sesame oil, when no color reactions can be 
obtained. The unsaponifiable matter left after separation of cholesterol or phytosterol was a 
thick oil or semi-solid mass consisting in the main of unsaturated dextrorotatory alcohols 
(ltevorotatory in the case of ox tallow) and small quantities of hydrocarbons. Only in the 
unsaponifiable matter of dark cod-liver oil were considerable amounts of hydrocarbons found. 
The dextrorotatory power of the unsaponifiable matter of sesame oil was greatly increased 
by the removal of the phytosterol. The iodine value (HQbl-Waller) of the residual unsapon- 
ifiable matter ranged from 56 to 78. As a rule hydrogenated fats contained less cholesterol 
or phytosterol than the corresponding natural fats, and the proportion decreased with tho 

11 For hydrogenation of sterols see paragraphs 3421, 3464, also Chap. XXX, paragraph 
3003 el seq.. 

M Z. Unters. A Jahr. Genussm., 1914 , 236; Chem. Abet ., 1915 , 940. 

11 J. Assoc. Off. Ayr. Chemists , 1915, 1, 313. 

M U. S. Bur. Animal. Ind. t Circ. 212. 

" Chem. Abst., 1914, 8, 1022. 

"Mitt. k. MaterialprQf., 1916.33.221-225; J.S.C.I., 1916, 549; Seifen.' Ztq., 1916, 168. 
See also WillstAtter and Meyer. Ber. 41 , 2199; Diels and Abderhalden, Ber . 89 , 884, and 
Moreschi, Rend. soc. chim. ital., 1914 (2), 6, 236. 

17 J.S.C.I ., 1915 , 1152. 
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degree of hydrogenation. For example, the following result* were obtained in the progressive 
hydrogenation of a marine animal oil: 



Iodine Value 

Solidifiying- 
point. 
Degrees C. 

Cholesterol, 
Per Cent 

Original marine animal oil 

114 


0.13 

Talgol 

67 

31 

0.10 

Talgol extra 

36 

38 

0.07 

Candelite 

20 

42 

0.05 

Candelite extra 

13 

45 

0.02 


3465 . The unsaponifiable matter of hydrogenated fat* after removal of the cholesterol 
or phytosterol was a yellow semi-solid mass, from which, in the case of Talgol, and Candelite, 
a saturated alcohol, m.p. 59.3° to 59.8° C. could be extracted with petroleum spirit. It had 
a refractive index of 1.4268 at 100° C. and appeared to be octodecyl alcohol. Transforma- 
tion products of cholesterol were not obtained from Talgol or Candelite, but derivatives of 
phytosterol could be separated from hydrogenated vegetable oils. For example, repeated 
recrystallization of the unsaponifiable matter of hydrogenated linseed oil from 96 per cent 
alcohol yielded an alcohol (m.p. 75° C.) which did not give the characteristic phytosterol 
reactions. 

3466 . Hydrogenated marine animal oils may be detected according to Mar- 
cusson and Huber 58 by an examination of the unsaponifiable matter for the 
presence of octodecyl alcohol, m.p. 60°. 

3467 . A specific reaction of marine animal oils and their hydrogenation 
products is described by Tortelli and Jaffe. 69 The reaction depends upon the 
fact that these oils contain a chromogenic compound which remains unaltered 
even in the hydrogenation process, and towards which bromine, the reagent 
used, plays the part of an auxochrome, forming a coloring matter that tints with 
a beautiful green a chloroform solution of the oil tested. 

3468 . The procedure is as follows: Into a graduated cylinder (with foot) provided with 
ground-glass stopper, and 15 mm. in diameter and 15-cc. capacity, are put 1 cc. of the oil, 6 cc. 
chloroform and 1 cc. glacial acetic acid. The liquid is agitated until it is homogeneous, when 
40 drops of a 10 per cent chloroform solution of bromine are added, the whole is again strongly 
agitated for a moment and the cylinder placed upon a sheet of paper. If the oil in question 
belongs to the group of marine animal oils it will assume within a minute a fugitive pink 
followed by a bright green color, becoming more and more clear and intense, and remaining 
so for over an hour, after which the color turns to brown or sepia. The test is sharper as 
the oil is more purified or refined. Vegetable oils, tested as above, remain uncolored, or at 
most take on a clear yellow, which does not change within an hour, then becoming orange or 
dull yellow. Hemp oil, however, becomes green before addition of bromine and then passes 
decidedly into yellow. Oils of terrestrial animals take quickly a yellowish color, which in 
the course of an hour always darkens to brown or sepia. Hydrogenated fats are tested as 
follows: A larger cylinder is used (30 mm. in diameter and about 25 cc. in capacity), 
into which are introduced 5 cc. of the melted fat, 10 cc. chloroform, and 1 cc. acetic acid; 
after agitating well, add 2.5 cc. of 10 per cent chloroform solution of bromine and agitate again. 
There appears almost immediately a fugitive yellowish pink, which changes in a minute to a 
bright green, then quickly to an intense green, lasting over an hour. Many tests were made 
by Tortelli and JafTe with different oils and fats, and the color reactions were always positive. 
Five per cent of hydrogenated fish oil in various edible fats has been detected by this test. 80 

18 Mitt. k. MaterialprUf., 34 , 54. 

68 Ann. chim. applicata, 3, 80-98; Chem. Abat. t 1914, 3723; J.S.C.I., 1914, 1061. 

80 Chem. ZlQ. % 1915, 14. 
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3469. The reliability of thia color reaction is questioned by GrOn and Janko. #l Tests for 
hydrogenated fish and whale oil made according to Torteili and Jaffe do not give good results 
with thoroughly hardened fats, but the color reaction is shown when incompletely hydro- 
genated products are used. 61 The results obtained by the author confirm this view. 

3470. The bromine reaction of Torteili and Jaffe is stated by Davidsohn 41 
to be of little value for the detection of marine animal oils, for many of such oils 
fail to give a green coloration in the test. 

3471. Hydrogenation products of marine animal oils give an intense green color, but so 
also do hydrogeniied vegetable oils, such as linseed oil and soya-bean oil. The oc to bromide 
test of Marcusson and Huber fails with marine animal oils which have been hydrogenated or 
strongly heated, but is to be preferred to Torteili and Jaffe's test, because its indications are 
trustworthy when a positive result is obtained. 

3472. Tsujimoto 64 advises that most marine animal oils give the Torteili- 
Jaffe color reaction 65 especially when the oils are fresh. Old and inferior sam- 
ples, however, give no coloration, or the coloration obtained is indistinct. In 
some cases, the coloration is given by old oils after these have been refined. The 
mixed fatty acids of marine animal oils as well as their distillates give the colora- 
tion, but the unsaponifiable matters and higher unsaturated fatty acids do not 
enter into the reaction. Hydrogenated fish oils give indistinct colorations with 
the test; vegetable oils and terrestrial animal oils and fats do not give a reaction. 

3473. Hydrogenated marine animal oils are indicated according to Prescher 
by the color reactions of Torteili and Jaffe, together with positive results in 
Kriess and Roth’s test for arachidic acid and the cholesterol acetate test. 

Tho presence of arachidic acid and a positive result in the phytosterol acetate test indicate 
peanut or rape-seed oils. Sesame oil is detected by the Soltsien and Baudouin tests. An 
excessively low saponification value points to rape oil, while cocoanut and palm-kernel oils 
are indicated by saponification values exceeding 230 and by the Reichert-Meissl and Polensko 
values. Hydrogenated castor oil has a high hydroxyl value, while hydrogenated cottonseed 
oil may be detected by Becchi’s and Hauchecome’s tests. The ratio between the iodine 
value and refractive index is different in hydrogenated fats from the ratio in animal fats. 
Cocoanut oil is distinguished by its very low iodine value. Bellier’s reaction is only applicable 
to a limited extent to the detection of hydrogenated vegetable oils. The dimethyglyoxime 
test for nickel may also be inconclusive, since many freshly expressed oils give a red coloration 
in the absence of nickel. 44 

3474. Response to Halphen Test. Hydrogenated cottonseed oil was first stated by Paal 
and Roth to give no coloration when subjected to tho characteristic Halphen test and tho 
same statement has been made by later investigators. The amount of hydrogenation which 
is required to render the oil just incapablo of responding to the test was investigated by 
Moore, Richter and Van Arsdel. To determine that point a quantity of oil was hydrogenated 
at a temperature of 150° to 160° C., 2 per cent nickel on a carrier acting as catalyzer. Sam- 
ples were taken (a) of the original oil, (6) of the mixed oil and catalyzer before heating, (c) of 
the mixed oil and catalyzer when heated to 150° C., five minutes being required to reach this 
temperature, (d) after three-minute hydrogenation, (e) after nine-minute hydrogenation, and 
(/) after fifteen-minute hydrogenation. A similar sample of oil was heated to 150° to 160° 

41 Seifenfabrikant, 1915, 253-255. 

M Seifen. Zlq. % 1915, 374. 

44 Seifen. Ztg., 1915. 42, 657 and 678; Z. angew. Chem., 1915, 38, Ref., 560; J.S.C.I . , 
1916, 186. 

44 /. Chem. Ind., Japan. 1915, 18, 1368; J.S.C.I., 1916, 262. 

44 J.S.C.I. , 1914. 1061. 

44 Z. Unters. Nahr. Genusem., 1915, 30,357; Z. angew. Chem., 1916, 39, Ref. 165; J.S.C.I ., 
1916, 548. 
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for twenty minutes in the absence of any hydrogen or catalyxer, and was then found to give 
the same intensity of Halphen test as Sample a. The other samples gave tests as follows: 


Sample 

Iodino Number 

Result 

6 

104.9 

Not noticeably diminished. 

e 

103.7 

Distinctly weaker test. 

d 

102.7 

Faint test in three minutes. 

e 

101.3 

Faint test after heating one and one-half hours. 

/ 

97.6 

Negative even after heating one and one-half hours. 


A drop of four units in iodine number may be said to have destroyed the chromogenetic 
substance. 


3476 . An attempt is made by Grimme 47 to identify marine animal oils by 
color reactions after they have been hardened. A list of tests is given for each of 
the four classes of marine animal oils: (1) Seal oils; (2) Whale oils; (3) Liver oils ; 
(4) Fish oils; and also characteristic tests for individual oils. These tests were also 
applied to two hardened oils of unknown origin and Grimme believes from his re- 
sults that the color reactions are characteristic enough to establish the presence of 
marine animal oils. Nickel was found in the samples, Fortini’s test (as detailed be- 
low) giving the strongest coloration. Color reactions were applied to six authentic 
whale oils from two different sources, and hardened to different degrees. These 
tests were carried out by dissolving 5 parts of the sample in 95 parts of benzine- 
xylene (1 : 1) and agitating 5 cc. of the solution with the reagent; after five min- 
utes and sixty minutes the color was noted. Grimme finds the iodine-sulphuric 
acid reaction (1 cc. concentrated sulphuric acid and 1 drop tincture of iodine) to 
give a characteristic violet-red color for whale oil though the intensity of colora- 
tion decreases with increasing hardness. The constants of the six samples of 
hydrogenated fish and whale oils employed and the coloration produced by dif- 
ferent reagents are tabulated by Grimme. 

3475A. Constants of Hydrogenated Fish and Whale Oils 


Sample 

Consistency 

Specific 

Gravity 

Melting 

Point, 

Degree* 

C. 

Solidi- 

fying- 

point. 

Degrees 

C. 

Index 
of Re- 
fraction 

Acid 

Number 

Acid 
Number 
as Froe 
Oleic 
Acid, 
Per 
Cent 

Saponi- 

fication 

Number 

Iodine 

Number 

(Wijs) 

I 

Lard-like 

0.9256 

38.5 

32.8 

1 . 4569 

3.72 

1.91 

188.8 

56.76 

II 

Tallowy 

0.9259 

40.0 

35.2 

1.4548 

8.49 

4 26 

189.8 

49.82 

Ill 

Tallowy 

0.9258 

42 4 

36.4 

1.4543 

5.64 

2.90 

189.6 

41 36 

IV 

Tallowy 

0.9263 

44 8 

39.3 

1.4539 

4.39 

2.21 

189.2 

35 71 

V 

Tallowy 

0 9271 

47 2 

41.5 

1 4536 

4.40 

2.25 

188.7 

26.95 

VI 

Tallowy 

0 9271 

48 0 

42 0 

1.4530 

2.18 

1.10 

189 3 

23.18 


• 7 Chem. Rev. u. d. Fell und Han Ind. t 1913, 129 and 155. 
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3476. A simple method for the detection of tallow and hydrogenated fats in 
butter fat is proposed by Amberger. 68 The procedure is based upon the relative 
insolubility in ether of tristearin and 0-palmitodistearin as compared to the other 
glycerides. 

Pure butter fat when dissolved in a certain proportion of ether forms a solution which 
deposits no crystals when kept for a definite time at a certain temperature. Under 
these conditions the presence of foreign fats containing tristearin or /3-palmitodistearin is 
shown by the separation of crystals. The method recommended is as follows: Weigh 31 g. 
of the clear melted (40° to 50°) fat into a 100-cc. volumetric flask. Fill the flask to the 
mark with ether and cool in a water-bath at 15°. Mix well and add sufficient ether to bring 
the level of the liquid to the mark. After letting stand for one hour in the bath again thor- 
oughly shake the mixture. Repeat the shaking after another hour. If only a trace or no 
deposit has formed in the mixture the butter is pure or it contains less than 12 per cent of 
tallow. If crystals have formed filter the mixture by means of suction through a paper disc 
placed upon a perforated porcelain plate, transferring the crystals remaining in the flask by 
means of 3.4 cc. of ether containing 20 per cent alcohol. Cover the funnel containing the 
perforated plate and continue the suction until the crystals are drained free of liquid. Trans- 
fer the crystals to a tared watch-glass by means of a spatula and allow them to dry at room 
temperature or heat until melted to remove the solvent. If the glycerides recovered in this 
manner weigh 0.4 g. or over, 15 per cent or more of tallow or hydrogenated fat is present. 
A considerable number of analyses are given illustrating the value and limits of the method. 
In case the hydrogenation process has been very incomplete (iodine number reduced lees 
than half), the product cannot be detected by this method, but in other cases their detection 
is relatively certain. The addition of 15 per cent of tallow to butter fat gave 0.96 to 1.40 g. of 
crystallised glycerides and larger proportions yielded correspondingly greater amounts. 

3477. To detect the presence of hydrogenated oil in butter fat Seidenberg '• 
makes use of the turbidity point produced by cooling a solution of the fat in 
ether-alcohol. The results obtained with three samples of hydrogenated oils 
differed considerably, depending upon the degree of hydrogenation. The iodine 
numbers of these fats were determined and found to be as follows: No. 1, 73.4; 
No. 2, 34.5; and No. 3, 3.4. In No. 1, the amount of the saturated and less sol- 
uble glycerides is comparatively small, so that these latter do not raise the tur- 
bidity point of butter fat sufficiently to serve for their detection. The effect of the 
saturated glyceride produced by the hydrogenation is also seen in a comparison 
of the results between hydrogenated fats Nos. 2 and 3. In the case of No. 3, hav- 
ing an iodine number of 3.4, the addition of even 5 per cent can be detected with 
certainty, while No. 2, which has an iodine number of 34.5, can be detected in 
quantities of 10 per cent or above. 

3478. Brauer 70 draws attention to the ability of hardened fats to hold water 
in suspension. Samples of hardened and other fats used in the manufacture of 
margarine were melted and agitated with water and the percentage of water in 
the emulsion determined both before and after the removal of as much as possi- 
ble by pressing. The following figures were obtained: Hardened whale oil, 89 
per cent, 23 per cent; hardened soya-bean oil, 25 per cent, 7 per cent; hardened 
herring oil, 18.6 per cent, 9.9 per cent; hardened linseed oil 96 per cent, 5.8 per 
cent; cocoanut oil, 6.4 per cent, 3.6 per cent; tallow, 15 per cent, 10.8 per cent. 


• Z. UrUert. Nahr. Oenueem., 1918, 31 , 297; Chem. Abat., 1917 , 1695; JJ3.C.I., 1919 , 1077. 

• J. Ind. Chem., 1918. 617. 

70 Chem. Zexl., 1922, 46 , 793-794; J.S.C.I., 1922, 41 , 769A. 
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The striking ability of hardened whale oil to take up water and retain it even 
after pressing is suggested as a means of distinguishing between it and other hard 
fats. 

3479. Effect of Hydrogenation on Vitamins. Although commercial hard- 
ened oils appear to lose their vitamins in manufacture, evidence is accumulating 
that this is not due to hydrogenation, per se, but to other conditions, such as high 
temperature and oxygen. Dubin and Funk 71 have gone into the question of the 
effect of exhaustive hydrogenation of cod-liver oil and appear to have estab- 
lished that vitamins A and D are unaffected by the treatment. Evans and 
Burr 71 have shown that wheat-germ oil may be hydrogenated in presence of 
palladium at 75° C., without injury to vitamin E. 

71 Proc. Soc. Exp. Biol. Med.. 1923, II, 1390. 

71 Proc. Nat. Acad. Sci., 1925, 11, 334. 



CHAPTER XXXV 


APPARATUS FOR THE 

INDUSTRIAL HYDROGENATION OF FATTY OILS 

3600. In the second edition of this book much space was taken up by the 
description, in some detail, of the various complicated types of apparatus that had 
been proposed for the commerical hydrogenation of fatty oils. Most of these 
enjoyed but a short life; not a few were still-born. The appliances in actual use 
are, for the most part, of great simplicity. In this edition, therefore, much of 
this detailed description is omitted. It has not, however, been deemed wise to 
eliminate such matter altogether. The use of hydrogenation in industries 
other than oil-hardening is continually extending: it may well be that special 
plant problems of these new fields may find their solutions in some of the highly 
ingenious devices which have been rejected or discarded by the industry for 
which they were originally designed. 

3601. One of the early master patents in the oil-hardening industry 1 called 
for nothing more complicated than the bubbling of hydrogen through the heated 
oil in which the catalyst was suspended. Yet, as the art acquired more and more 
commercial importance, inventors came forward with proposals for apparatus 
of increasing complexity. The reasons for this are not far to seek: they fall into 
three groups. Chemists remembered the long struggle to produce saturated 
from unsaturated fatty acids on an industrial scale; they were impressed, per- 
haps obsessed, by the authority of Sabatier who had laid down 1 that contact 
between the liquid and the catalyst meant the arrest of the hydrogenation: some 
of them knew that certain chemists, expert in oil technology, if less so in catalytic 
technique, had declared themselves unable to obtain satisfactory hydrogenation 
by the simple means described in Normann’s patent. 3 It seemed incredible 
that the goal of this long and arduous quest should be attained by so direct and 
easy a path as the mere bubbling of hydrogen at atmospheric pressure through 
a mixture of hot oil and nickel. This was one cause of the deluge of patents for 
devices to produce contact, in specially favorable conditions, between the oil, 
the hydrogen and the catalyst. As a second cause, it is not uncharitable to 
suggest the desire to produce the same result with sufficient variation in method 
to allow of patent differentiation; colloquially, to sidestep earlier patents. 

3602. A third kind of apparatus patent deals with real difficulties of the proc- 
ess, with such problems, for example, as the circulation of the hydrogen and of 

1 Normann, Eng. Pat. 1515, 1903. 

* Para. 3506, footnote. 

* See para. 3511. 


372 



APPARATUS FOR INDUSTRIAL HYDROGENATION OF OILS 373 


the oil, facilities for handling the catalyst, heat control and exchange, conversion of 
batch to continuous processes. Almost all the survivors belong to this third group. 

3603 . If it were necessary to classify apparatus for the industrial hydrogena- 
tion of oils there would be several characteristics which might serve as the pri- 
mary bases. But, whichever we chose, we could not avoid overlap. Therefore, 
since a categoric classification is out of the question, we must content ourselves 
with a practical approximation. 

3604 . One of the chief differences depends on the condition in which the cata- 
lyst is maintained during operation. The catalyst may be free, i.e., suspended 
in the oil. Sometimes it is attached to a support, stationary or mobile, but not 
free. The first method, with the catalyst suspended in the oil, is much the most 
usual. This way of working is occasionally referred to by the not very happy 
name of the 11 powder process." The injunction to “ keep your powder dry 99 
prevents us from forgetting that powder may be wet: nevertheless, we habitu- 
ally use the word “ powder ” with a connotation of dryness, probably because 
it originally meant “ dust." A better term would be “ suspension process," 
which would properly cover the case where the catalyst was on a fibrous carrier, 
such as asbestos, which could scarcely be called powder. A division of apparatus 
into those using catalyst in suspension and those in which the catalyst is fixed in 
place is nearly, but not quite coincident with another division — into batch and 
continuous processes. 

3606 . The essential intimate and frequently renewed contact between the oil, 
the hydrogen and the catalyst may be produced and maintained by the following 
means, which are arranged, more or less, in order of increasing complexity: 1. by 
the action of a stream of hydrogen, the hydrogen only being circulated; 2. by 
circulation of oil, holding catalyst in suspension, the mixture being presented to 
the gas as a spray or in some other tenuous form, e.g., a film; 3. by circulation 
of both hydrogen and oil, jointly or separately; 4. by agitation in a closed or in 
an open system, or by various combinations of the above. 

Hydrogenation of Fatty Acids 

3606 . Of historical interest are the patents of Bedford 4 and of Schwoerer 6 
since both show the influence of Sabatier’s teaching to the effect that contact of 
liquid with the catalyst puts the latter out of action. 6 Necessarily, therefore, 
these early patents dealt with fatty acids, which can be vaporized, and not with 
their glycerides. 

4 U. S. Pat. 949.954. Feb. 22. 1910. 

1 Schwoerer, U. S. Pat. 902.177, Oct. 27, 190S. Apparatus and method for hydrogenating 
fatty acids. The acids are atomized by superheated steam and hydrogen and exposed to the 
action of a catalyst in a special "helical pan." 

• Sabatier and Senderens, AnnaUs de Chimic et de Physique [8], 4, 335 (1905), state that 
"Le m6tal ne soit jamais mouill6 par un afflux excessif du liquide que Ton traite, ou & la 
suite d’un abaissement accidentel de la temp6rature du tube." They further say that in the 
preparation of cyclohexanol and its homologs from phenol or cresol at a temperature but 
slightly above the boiling-points of the latter bodies, sometimes by their condensation, the 
nickel becomes moistened and immediately becomes almost inactive, due. no doubt, to the 
surface becoming permanently changed in character by contact with the liquid phenol or 
creeol. 
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3607. In Bedford’s apparatus a still or tower carries two beds of catalyst. 
This is said to be preferably nickelized pumice. By means of hydrogen under 
pressure, oleic acid is sprayed onto the lower catalyst bed. Hydrogen is admitted. 
A temperature of about 200° C. and a diminished pressure of about 50 to 100 mm. 
is maintained. The vapors of oleic acid mingled with hydrogen pass through the 
second catalyst bed, where more or less conversion occurs, then pass to the con- 
denser, and finally collect in a receptacle. There is a connection to a vacuum 
pump. 



3608. The apparatus and method described in Brutzkus’ British Pat. 
155,776 of Dec. 22, 1920, are of a type which this inventor has applied more 
recently for the hydrogenation of petroleum. The analogy with the action in the 
Diesel engine is striking. Temperature and pressure are controlled by alternate 
compression and expansion. Fatty acid is sprayed into the compression chamber 
by a jet of hydrogen and the mixture there subjected to further compression. 

3609. Normann states that he may carry out the hydrogenation of oils by 
treatment either in the form of vapors or as liquids. In the former case the fatty 
acid vapors together with hydrogen may be caused to pass over catalytic material 
carried by a pumice stone support. This may be represented by Fig. 43 in which 

A is a bed containing granular pumice coated 
with a metal catalyzer. O is an inlet for oil vapors 
and II is an inlet for hydrogen. The mixture 
passes through the tube A and the converted 
material is withdrawn at B. Normann quotes, 
however, that it is sufficient to expose the fat or 
fatty acid in a liquid condition to the action of 
hydrogen and the catalytic substance. He states 
that, for instance, if fine nickel powder obtained 
by the reduction of nickel oxide in a current 
of hydrogen is added to oleic acid, the latter 
heated over an oil bath and a strong current of 
hydrogen caused to pass through it for a consider- 
able time, the oleic acid may be completely con- 
verted into stearic acid. 

3610. Figure 43a shows very simple apparatus, such as might have been used 
hv Normann to this end. A is a vessel containing oil 0 in which fine particles of 
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nickel are suspended while a strong current of hydrogen from the pipe H affords 
the hydrogen requisite for reduction of the oil. By this means Normann treated 
the fatty acid of tallow, having an iodine number of 35 and melting at about 
46, thereby converting it into a body of improved color having an iodine num- 
ber of about 10 and a melting-point of about 58. Normann also states that 
commercial gas mixtures, such as water-gas, may be used in lieu of pure 
hydrogen. The disclosures of the Normann patent are, however, rather meager 
and can hardly be considered to traverse comprehensively the difficulties encoim* 
tered in the practical hydrogenation of oils in a liquid state. 

Hydrogenation op Oils 

CIRCULATION OP HYDROGEN 

3511. As already mentioned, the first disclosure of the catalytic hydrogena- 
tion of oils in a liquid state is contained in the German patent 141,029, Aug. 14, 
1902, to Leprince and Siveke, which corresponds to the British patent 1515, Jan. 
21, 1903, to Normann. No agitation other than that produced by the current of 
gas is provided. This method, now used on a colossal scale, has proved surpris- 
ingly efficient. In 1913 Normann’s English patent was declared invalid on the 
ground of insufficient disclosure (as to preparation of an active catalyst). 7 
According to Seifen Ztg ., 1914, 1260, the defect, which this journal oddly 
describes as “ formal,” was remedied and the amended patent reinstated. The 
patent having lapsed, the matter is no longer of importance. 

3612. Ellis describes a process of the type which we are considering, but its 
main object is removal of 14 hydrogenation flavor ” from the product. The 
pump P (Fig. 44a) circulates hydrogen through the mixture of oil and catalyst 
contained in the autoclave A. The hydrogenated product is run into the deodor- 
izer D, where it is treated with superheated steam under diminished atmos- 
pheric pressure until the oil is freed from noxious gases or vapors. While the 
deodorization of ordinary cottonseed oil, for example, requires a temperature 
from 200° to 300° C. and a vacuum of down to 1 or 2 inches mercury, the deodori- 
zation of the hydrogenated cottonseed oil does not necessarily require as high a 
temperature and the vacuum “ pulled ” may be considerably less. 8 

3513. Another apparatus described by Ellis 9 uses the hydrogen current to 
maintain the mixture. This process in one modification is concerned with the 
separation and retention of the catalyst at the end of a batch. The tank A, 

7 Joseph Crosfield and Sons, Ltd. v. Techno-Chemical Laboratories, Ltd.; The IUustr, 
Off. Journ. (Pa/s.), 30, Rep. Pal. Dcs. and Trade Mark Cases, No. 12; 2nd edition, this work. 
Appendix A, G05-029. In this case the prior art was treated by the court as the art of 
oil technology and the expert witnesses relied on for the insufficiency of disclosure were oil 
experts, Hehner and Lewkowitsch. Had the plaintiffs impressed on the court the view that 
the prior art involved was catalysis (there being no prior art of oil hydrogenation) the result 
might, conceivably, have been different. Experts in catalysis knew how to prepare active 
nickel catalysts: it was ( semble ) irrelevant that oil technologists did not possess this 
knowledge. 

•U. S. Pat. 1,043,912. 1912. 

• U. S. Pat. 1,059.720, Apr. 22, 1913. 
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Fig. 44, contains a body oil 0, the space above the oil being filled with hydrogen 
under any suitable pressure. The tank is heated by the jacket S. A pump P 
withdraws the hydrogen from the upper part of the tank and impels it through 
the pipe D into the lower part of the tank. The catalyzer is added to the oil 
when the proper temperature is reached and the constant bubbling of a stream 
of hydrogen through the oil causes intimate contact between the reacting ele- 
ments. After the operation is completed, a porous plate, fastened to a mov- 
able stem in the upper part of the tank, may be depressed to fit into the bottom 
of the conical base so that when the oil is withdrawn a good portion of the cata- 
lyzer remains without exposure to the air and may be used with perhaps a small 
addition of fresh catalyzer for the treatment of a succeeding charge of oil. Rough 
filtration in this manner is an optional procedure. 



3614. In a hydrogenation system involving the bubbling of hydrogen gas 
through a body of oil carrying catalytic material in suspension, the hydrogen 
may be transferred from one gas-holder to another, passing through the oil, while 
undergoing such transference, according to Ellis. 10 In order to secure a better 
utilization of the hydrogen, it may be preheated by passing through a heat inter- 
changer through which hot hydrogen issuing from the converter is conveyed. 

3616. Agitation by circulation of hydrogen is also effected in an apparatus 
described by Ellis. 11 A tank of an elongated form is disposed with its long axis 
horizontal. Hydrogen is admitted by perforated pipes near the lowest part. 
Heating coils are so arranged below the level of the oil in relation to these hydro- 
gen inlets as to permit and promote circulation of the oil with suspended cata- 
lyst. This circulation and the due admixture of oil and catalyst are maintained 
by the current of hydrogen. Baffles longitudinally disposed may be used. Pro- 
vision is made for purification of the hydrogen and for heat interchange. The 
tanks may be of any suitable section — circular, D-shaped, V-shaped and so on. 
This apparatus is illustrated in Fig. 45. 

3616. Adam 11 secures intimate contact between the reacting materials by 

10 U. S. Pat. 1,247,095, Nov. 20, 1917. 

11 U. S. Pat. 1,480,251, Jan. 8, 1924, to Ellis, which is, in part, a continuation of matter 
contained in U. S. Pat. 1,294,068. 

1914, 1226; Brit. Pat. 24,815, Oct. 31, 1913. 
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bubbling the gas from a number of points into the body of liquid, coalescence of 
gas bubbles from adjacent delivery points being prevented by suitable partitions. 


A form of Adam’s apparatus is shown in Fig. 46. 

In this apparatus a tall vessel a is provided with an assemblage of tubes 6, supported by 
the supports c. These tubes are set closely together and are open at both ends. They may 
be of any desired cross-sectional form, and although shown straight may be somewhat spi- 
ralled where increased contact is desired. Beneath the tubes and at a little distance away 
is a gas manifold d connected to the gas supply duct e leading from the upper part of the vessel 
/, to the blower h. From the gas manifold noszles k project into the tubes 6. Gas is intro- 
duced at 0 . 

By appropriate choice of the relative diameter and- height of the tubes, the number of 
nossles to each tube, and adjustment of the gas flow, and of the height of the liquid supplied 



Fio. 46. 


Fxo. 46. 


to the tubes the character of the contact can be varied from that of a climbing film to that of 
a tall column of froth. 

The heating of the material can conveniently be effected by electric heaters immersed 
therein, and these may be formed, for instance, by insulating the tubes from each other at the 
top and bottom, and so converting them into a series of heating elements. See page 410. 

3517. In order to produce agitation by means of the hydrogen current and to 
subdivide the latter, Holden 11 passes the gas through a porous diaphragm near 
the bottom of the reaction vessel. The gas is admitted under sufficient pressure 
to keep the oil and catalyst mixture above the level of the porous plate. The 
plate may be made of filtrox. 


11 U. S. Pat. 1,485,926, Mar. 4, 1924 (assigned to Am. Cotton Oil Co.). 
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3518. A remarkable apparatus and method for hydrogenating oils (with a 
fixed catalyst) which has been used on the large scale, is described by Moore. 14 
The oil is fed in a continuous stream into the upper portion of a closed chamber, 
where it meets a blast of hydrogen and is atomized. The chamber is provided 
with a pervious filtering diaphragm containing a catalyzer, and the mixture of 
oil and hydrogen in excess penetrates the diaphragm into contact with the cata- 
lyzer whereupon the oil is saturated, and the hydrogenated oil and the excess of 
hydrogen pass into the lower portion of the chamber. 

3019. The excess hydrogen may then be freed of oil and re-used, and the hydrogenated 
product withdrawn in a continuous stream. To secure the greatest possible active surface, 
the catalyzer consists of a layer of finely divided or pulverulent material confined between 
layers of filtering material. It is stated to be difficult to force a large body of oil through 
such powdery mass, but, when the oil is atomized, it may be forced through without diffi- 
culty if the pressure be sufficient. 

3BS0. Moore finds that proper results cannot be obtained after the particles of the cata- 
lyzer become covered with films of oil, for the reason that the hydrogen is unable to obtain 
access thereto, and hence he provides for cleaning the catalyzer of the oil and thereby revivify- 
ing the former. This is accomplished by causing the constant passage of hydrogen through 
the catalyzer, and also by arranging the nozzles for the oil and hydrogen in such manner and 
so moving them that the spray is directed progressively toward restricted areas of the 
mass of catalyzer. Hence, in that portion of the catalyzer which at the moment is not 
receiving the spray, hydrogen is passing through in such quantities and at such velocity as to 
blow off or remove the films or coatings of oil which enclose the particles. Thus each restricted 
portion of the catalyzer first receives the mixture of oil and hydrogen, and is then freed of the 
oil, either as such or in saturated or partially saturated condition. By this procedure the 
quantity of oil which any one portion of the diaphragm and the catalyzer is receiving is 
relatively small, and the oil is so broken up and mixed with the hydrogen that it is readily 
carried through the catalyzer bed, and hydrogenated instantaneously, so it is claimed. By 
regulating the oil supply, the degree of solidity of the hydrogenated product is adjusted to 
any predetermined point, according to the uso for which it is intended. 

3621. In Fig. 47, an apparatus is shown consisting of a cast-metal casing forming a 
cylindrical chamber, transversely divided by a filter diaphragm containing the catalyzer. 
The diaphragm consists of a perforated plate, upon which rests a layer of wiro cloth, prefer- 
ably about 100 mesh. Upon the wire cloth is a thin layer of suitable inert material, such as 
a matt of asbestos fiber. Upon the layer of asbestos is a thin layer of tho catalyzer, and upon 
this is placed another layer of asbestos. The oil and hydrogen are introduced into the upper 
compartment through down-turned nozzles. These nozzles are so located that the blast of 
hydrogen, traveling at high velocity, impinges upon the stream of oil flowing from tho nozzle 
and atomizes the latter, directing the spray across tho surface of the diaphragm. The nozzles 
revolve and thus direct the spray progressively in a circle over the entire surfaco of the 
diaphragm. 

3622. The Moore process of hydrogenation used at the plant of the Berlin 
Mills Company, Berlin, N. H., is discussed by Hendricks, who states that a 
plant wa s established of a very highly developed semi-commercial nature with a 
capacity of 30,000 pounds daily. 16 

3623. Moore’s process and apparatus may be compared with that of Bock, 18 
who describes several forms for the hydrogenation of oil and of fatty acids. One 
of these involves passing the fatty material along or through a porous plate con- 

14 U. S. Pats. 1,121,860, Dec. 22. 1914; 1,184,480, May 23, 1916; J.S.C.I . . 1915, 144. 
Can. Pat. 172,839, Oct, 31. 1916. 

14 /. Ind. Etvq. Chem. % 9, 795. 

18 Chem . Abst., 1915, 868; Dan. Pat. 18.332, Mar. 27, 1913; Seifen. ZiQ. % 1914, 349; see 
also Seifen. ZiQ. % 1914, 421. 
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taining catalyzer in the presence of hydrogen. Fatty acids may be hardened 
under a considerable degree of hydrogen pressure and subsequently the catalyzer 
may be freed from the acid by distillation under reduced atmospheric pressure. 
Reduced nickel on kieselguhr is used as a catalyzer. Either the hydrogen and 
fatty acids are allowed to pass in vapor form through the porous metal, or the 
oil is passed through the porous metal at the ordinary temperature and pressure 
while the hydrogen rises through the pores. These methods may be combined. 
The first method is preferred for fatty acids, the other for glycerides. 



riG. 47. 


3634 . An apparatus using the hydrogen pressure for circulation and agitation, and 
which is said to permit of either batch or continuous operation is described by MacDougall. 17 
In the axis of the main tank are disposed two concentric tubes with a narrow annular space 
between them. The tubes extend through the bottom of the tank, the inner tube is shorter 
than the outer tube and is open at the top and bottom. Thus, there is free communication 
between the top and bottom of the inner tulx* and the annular space. In the upper part of 
the outer tube is a series of “hit-and-miss” variable openings between the top of the annular 
space and the main tank. Below, the annular space communicates also with the main tank, 
but the openings hero arc so formed that there is suction from the main tank into the annular 
space. Heating (for starting up) is effected by an electric resistance element in the wall of 

17 U. S. Pat. 1.381,319. June 14, 1921, assigned to Nat. Electro-Prod. Lt. and Brit. Pat. 
150,802, June 5, 1919, to Withers; J.S.C.I . , 1920. 727A. 
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the part of the inner tube which projects below the main tank. The main tank and the 
tubes being filled with oil and suspended catalyst, hydrogen under 80 lb. pressure is admitted 
at the bottom of the inner tube. This, bubbling up the inner tube, forces up the oil-catalyst 
mixture which passes over into the annular space and so again to the bottom of the space 
and into the inner tube. The hit-and-miss (slide-damper) variable openings at the top of 
the outer wall of the annular space permit a regulated amount of the hydrogenated oil to 
flow on to the top of the raw oil in the main tank, a corresponding flow of raw oil into the 
annular space taking place through the suction holes below. 

3525 . By taking advantage of the difference in temperature between the hydrogenated 
and the raw oil, the former may be made to overlie the latter and the process rendered con- 
tinuous: catalyst must, of course, be added to replace that withdrawn with the finished oil. 
For the somewhat complicated gas and oil connections the original must be consulted. 

3526. The primary objects of the Radisson and Berthon 18 apparatus, in 
which the hydrogen current produces the necessary agitation, are, first, the 
regulation of the temperature and of the quantity of catalyst to maintain an 
efficient rate of hydrogenation; second, to remove with the effluent hydrogen 
the excess of free fatty acid; third, to purify the hydrogen from these fatty 
acids and from water. The oil and catalyst mixture is contained in a jacketed 
11 digester.” The thoroughly desiccated hydrogen heated to the desired tem- 
perature is pumped into the bottom of the digester through a pipe at a pressure 
no more than sufficient to overcome the resistance in the circuit. The gas cur- 
rent is broken up by a perforated plate and is deflected by helically disposed 
plates on a paraboloid member and so passes through the body of the liquid. 
Through a nozzle a supply of additional catalyst mixed with oil is furnished, 
according to the progress of the reaction, from a jacketed apparatus. Hydrogen 
pressure is used for the injection. The temperature regulation is effected by 
flow of heated oil through the jacket of the digester. The issuing hydrogen 
undergoes purification as follows: It first passes through a heat exchanger where 
it heats up the incoming hydrogen. Part of the volatilized impurity is con- 
densed here, but most of it in tubular water-cooled condensers, to which the 
hydrogen now passes, and in the next following washer which contains caustic 
soda. After passing through a water trap to arrest mechanically carried water, 
the washed gas enters a second heat exchanger where it is cooled by the gas 
issuing from the cooler. It now passes into a cooler (which need be only a quite 
small refrigerating engine of the carbon dioxide or sulphur dioxide type). Here 
it deposits all its water and issues dry, pur$ and ready for re-use. 

3627. When used for alimentary oils this apparatus and process is stated to 
yield a product of such low acid value that the operation of neutralization may 
be omitted. In an example, 5000 kg. of soya-bean oil of 0.7 acidity gave a prod- 
uct of 0.2 acidity and 54° C. melting-point with three hours’ treatment, during 
which the temperature was gradually raised to 300° C. lf 

3528. The most striking feature of the apparatus and method described by 
Boyce 10 is the operation under reduced hydrogen pressure. In other respects the 
method comes between those in which the hydrogen current effects all the agita- 

18 U. S. Pat. 1,353,419, Sept. 21, 1920; Brit. Pat. 107,969, June 25, 1917. 

18 Differential heating, according to progress of hydrogenation, is a feature of U. S. Pat. 
1,026,156. May 14, 1912, to Ellis. 

20 U. S. Pat. 1,291,384, Jan. 14, 1919. 
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tion and those in which mechanical agitation is provided. A series of cylindrical 
reaction vessels or tanks is employed. Near the bottom of each is fixed a wire 
screen occupying the whole section. In the space beneath this screen are fan 
blades rotating on a vertical shaft. The hydrogen, under a plus pressure of 10 
inches of water, is introduced into this space and, whirled by the fan blades, passes 
through the wire screen into the space above asa“ mass ” of fine bubbles in the 
oil-catalyst mixture. Above the oil column in the tank a vacuum of 5 or 6 inches 
of mercury is maintained. This causes an expansion of the gas bubbles and pro- 
duces an intimate admixture of the reactants. A further advantage claimed is 
the reduction of the danger of explosion due to leakage of hydrogen. The tanks 
being operated in succession the hydrogen is completely used up, thus avoiding 
storage. The charge being introduced and drawn under reduced pressure, oxida- 
tion of the oil by contact of the air is avoided, and " the quality of the catalyst ” 
is said to be preserved for the same reason. The greater part of the catalyst is 
allowed to settle out in the reaction tank. 

3629. Nothing is said of the possible disadvantage of transferring the vola- 
tile and undesirable impurities from the contents of one tank to those of the 
others, by this system of series working. 

3630. The purification of circulating hydrogen can be effected by causing 
the current of gas to pass into a larger volume of gas suitable for hydrogenation, 
and leaving at least the greater part of it in contact with water for a longer period 
than it was in contact with the organic material. By this means the gas is puri- 
fied from acrolein and other undesirable volatile substances. 21 

3631. Although Normann’s patent prescribed only a strong current of hydro- 
gen to produce agitation many devices have been patented in which the hydro- 
gen, under pressure, sprays or splashes the oil into a gas space. 

3632. The minimum departure in this direction is effected by an apparatus 
described by McElroy 22 and illustrated in Figs. 48 and 48a. 

3633. A tank is provided with a steam-heating coil and hydrogen inlets and 
outlets. In the top, on the right-hand side, is an oil-charging pipe. On the top 
is situated a housing containing a pump or blow'er, the latter being arranged to 
draw in hydrogen from a point just below the top of the tank and to propel it to 
the bottom. The hydrogen discharges at that point through a revolving dis- 
tributor shown in Fig. 48a. There is a pressure-equalizing opening in the housing 
floor. The tank is filled with oil to the level indicated. A screen is placed above 
the oil-level to serve to break up bubbles or foam. Nickel on pumice or coke is 
suspended in the oil and the contents of the tank are raised to 150° to 200° C. A 
pressure of hydrogen of 5 or 6 atmospheres is attained and the gas is caused to 
circulate from top to bottom by means of the blower in the housing. The dis- 
charge of hydrogen through the distributor causes the latter to rotate and sweep 
the bottom free of catalyst. Here, as in Normann's process, the reaction takes 
place in the body of the oil-catalyst mixture and the gas space serves merely to 
collect the hydrogen and to maintain the pressure. The essential characters of 

11 U. S. Pat. 1.342.668. June 8. 1920. Ellin; J.S.C.I . , 1920, 551A. 

M U. S. Pat. 1,157.993. Oct. 26, 1915. 
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the McElroy apparatus are: 1, the rotating hydrogen distributor; 2, the screen 
to break up foam; 3, the fairly high pressure of hydrogen. 

3634. Splashing into the gas space, the use of baffles and a series of reaction 
vessels characterize a process proposed by David.** The hydrogen, under pres- 
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sure, is forced into the lower part of the first 
of a series of connected cylinders containing 
the mixture of oil and catalytic agent. The oil 
is intermittently projected upwards and falls 
from depending plates, preferably of nickel, into 
the current of gas, while a hot-air jacket main- 
tains the temperature at 150° to 200° C. The 
hydrogen passes through several of the cylinders 
before being returned to the gas holder to be 
purified, compressed, and used again. 

3636. A device to overcome the difficulties of circulating hot hydrogen is 
described by Ellis.* 4 The gas is circulated by means of an oil-sealed pump which 
may be so arranged as to permit the return of any hydrogen escaping through the 
stuffing boxes. Figure 49 shows this apparatus. 1 is an oil-treating tank with 
gas outlet 2, communicating with a drier or purifier 3. From the lower part of 

** French Pat. 470,392, June 14, 1913; J.C.S.I., 1915, 188. 

* 4 U. S. Pat. 1,071,221, Aug. 26, 1913. 
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the latter a pipe leads to the pump 4 which is enclosed by the housing 5, the 
space between pump and housing being filled with oil. The pump discharges 
into the lower part of the tank through the gas distributor 6. A connection 7 
from the upper part of the housing to the tank 
provides a vent for gas escaping from the pump. 

3636. A somewhat elaborate gas-measuring 
system has been proposed by deKadt. 16 The 
amount of gas absorbed by a liquid or other 
material in a closed vessel, for example, in the 
combination of hydrogen with fats or oils in the 
presence of a catalyst, is determined by means of 
a gas meter or other measuring instrument ar- 
ranged on the pipe supplying the gas and adapted 
to cut off the supply when a certain amount of 
gas has been supplied or combined. When appa- 
ratus is used in which the gas is introduced through 
a fine-spray nozzle at the bottom of the liquid, and 
unabsorbed gas from the top of the vessel is with- 
drawn and again introduced into the liquid, two 
meters are fitted upon the inlet and outlet pipes 
respectively so as to act differentially upon an 
indicator needle which thus records the difference between the volume of gas 
supplied and the volume unabsorbed. The needle may control an electric 
contact by which the gas supply is shut off and the circulating pump stopped 
as soon as the requisite amount of gas has been absorbed. 

3537 . Figure 50 shows the deKadt system. 

The reaction vessel 1 is connected at its upper part through a suitable pipe connection 2 
with a suction and force pump 3. At one part of its length this pipe connection 2 is formed 
into a cooling coil 4, which is located in a water reservoir 5. At the lower part of the reaction 
vessel 1 a nozzle or rose head 6 is provided, and from this nozzle a pipe 7 leads to the vessel 
8 containing the hydrogen. This hydrogen-containing vessel communicates with the pump 
3 by means of a pipe 9 and contains a cooling coil 12 provided with inlets and outlets for the 
supply and discharge of the cooling water. 

The material to be treated, such as fats or oils, and the catalytically acting substances 
are supplied to the reaction vessel through a charging door 14. In the first place the hydrogen 
supply pipe 7 is cut off from the reaction vessel 1 and the pipe 9, connecting the hydrogen- 
containing vessel with the pump, is closed by a cock 15. The materials contained in the 
reaction vessel are then heated by means of a steam jacket or steam coil, and the air, contained 
in this vessel, is exhausted by means of the pump 3 and escapes to the atmosphere by way 
of the cock 16, the cocks 18 and 17 being open for this purpose. Hydrogen is then supplied 
through a pipe connected with the pump 3 and is forced into the hydrogen-containing vessel 8 
through the pipe 9, the cocks 17 and 15 being open. When the necessary tension has been 
attained, the cocks 15 and 17 in the hydrogen supply pipe are closed and the cock 24 at the 
upper part of the reaction vessel connecting the vessel and pipe 2 are opened. A valve 19 
is arranged in the pipe connecting the hydrogen vessel with the lower part of the reaction 
vessel by opening said valve 19, behind which a reducing valve 20 is arranged; the hydrogen 
is conducted by the pipe 7 into the vessel 1, where it passes from the nozzle 6 through the 
material to be treated with which it combines to some extent, while the excess escapes upwards 
and is again forced into the hydrogen -containing vessel 8 by the pump 3, the cocks being 
suitably adjusted. The supply of hydrogen contained in the vessel, which is not supple- 

“Brit. Pat. 5,773, Mar. 7, 1912. 
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merited by a fresh external supply during the chemical reaction, must gradually decrease in 
tension owing to the combination with the contents of the reaction vessel. This decrease in 
tension can be utilized empirically for determining the progress of the chemical reaction or for 
ascertaining its various stages or its completion. These indications would, however, only be 
approximate and deKadt therefore provides means to interrupt the supply of hydrogen to the 
reaction vessel automatically after the consumption of the necessary quantity of combined 
hydrogen. 

3038 . With this object a gas meter 21 is arranged on the pipe 7 supplying the hydrogen 
to the reaction vessel and indicates the quantity of hydrogen passing from the container 8 
into the reaction vessel 1. A similar meter 22 is arranged on the return pipe 2 and measures 
the quantity of gas being withdrawn. Both these meters act on an indicating shaft in such a 
manner that by the rotation of the shaft the first gas meter 21 moves the hand of an indicat- 
ing shaft upwards, while the other gas meter 22 moves it rearwards so that the index hand 
shows the difference, that is to say the consumption of hydrogen. An electric contact is 



arranged in the path of the index hand and when it reaches a certain position, in which the 
necessary quantity of hydrogen has been consumed, the circuit is closed, and the hydrogen 
supply is cut off. 


CIRCULATION OF OIL 

3539. The oil circulation method finds its simplest expression in Hoehn’s 
apparatus. Hoehn is opposed to agitation, even by the gas current. His 
method is to expose a large surface of the oil to hydrogen in fairly deep pans. 
Figure 51 shows, diagrammatically, the Hoehn apparatus. A tight housing 
encloses a series of pans in which the oil-catalyst mixture is exposed to the gas. 
The oil enters the lower pan and is pumped successively to the intermediate and 
upper pans, finally returning to the lower pan. The saturated oil may be drawn 
off from any one of the pans through outlets near the bottom (shown in the 
drawing midway of the pan). 

3540. Contrary to the opinion entertained by many Hoehn holds it unnec- 
essary to agitate violently the catalyzer for the purpose of contacting it with 
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hydrogen. Once the catalyzer is wetted with the oil there can no longer be 
any actual contact with the gas. Hydrogen reaches the catalyzer seemingly 
only through solution in the oil. The forces of adhesion effectually seal the cata- 
lyzer surface from the gas, and no measure of agitation by ordinary mixing 
apparatus will dislodge the film of oil. Of course, agitation secures the rapid 
replacement of more saturated by less saturated portions of the oil, but this 
replacement, under certain conditions, may proceed rapidly, simply by diffusion. 

3641. The British patent to Bedford and Williams, 2520, of 1907, contains 
probably the first published description of a method of exposing oil to the action 
of hydrogen by treating the oil in films in an atmosphere of hydrogen and in con- 
tact with a catalyzer of the nickel type. 

3642. The statement of invention is as follows: 

A. 44 The invention consists in bringing the substance to be treated — in the 
liquid state or in solution — into contact with the catalytic substance in the form 
of fine drops or spray or as a film, and so that the catalytic substance and hydro- 
gen are in excess. 
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B. 44 The invention also consists in continuously passing the substance to be 
reduced — by itself or in solution — introduced in the form of spray or fine drops 
over the nickel or other catalytic substance with or against a current of hydrogen 
so that a continuous supply of reduced substance can be obtained. 

C. 44 In carrying out the invention according to one mode when nickel, for 
example, is used as a catalytic substance, it is deposited on its support for the 
reduction from its nitrate, the substance which is to form the support for the 
nickel — say pumice stone, porous earthenware or the like — being placed in the 
nitrate solution which is allowed to stand for some time after which the excess of 
solution is drawn off, or the nitrate solution is allowed to flow on to the support 
in vacuum. The pumice stone or other support is then heated over a fire (in a 
crucible) to convert the nitrate into oxide. If the layer is too thin the operation 
of soaking in nitrate solution and heating must be repeated. Finally it is intro- 
duced into a suitable receptacle or tower and heated to say from 275° to 300° C. 
in a current of hydrogen with or without the addition of ether or other suitable 
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organic vapor to convert the nickel oxide into nickel and as soon as reduction is 
complete the contents are allowed to cool to the temperature at which the reduc- 
tion is to take place (e.g., for oleic acid and oils 160° to 200° C.). 

D. “As soon as the conversion of nickel oleate or nickel nitrate to metallic 
nickel is complete the contents are allowed to cool to the temperature at which 
the reduction of the organic substance is to take place. The substance to be 
reduced is fed into the top of the tower in the form of spray or the like and a cur- 
rent of hydrogen is forced in from below to mingle with the same, the mixture 
being thereby exposed to or brought into contact with the nickel, which causes 
the substance to be reduced. The substance leaves the tower in a reduced con- 
dition and free of nickel or nickel compounds, the reduced substance being drawn 
off as it is formed, preferably continuously. In order to obtain a spray the liquid 
may be fed into the tower through a screen or plate provided with a large number 
of small holes or capillary tubes. 

E. “According to this manner of carrying out the invention the unsaturated 
liquid or other substance to be reduced flows in drops or as a spray or as a film 
over the nickel-coated material and is thus exposed simultaneously to large sur- 
faces of nickel and hydrogen, both the latter being in excess. 

F. “ Though the description is of a spray method, it is not of the oil-catalyst 
spray type, as in Testrup's apparatus, because the catalyst is fixed. The spray- 
ing serves merely to insure a uniform flow of the oil through the catalyst bed." 

3643 . The Erdmann German patent 211,669 of Jan. 19, 1907, in the first 
described form differs from the Bedford and Williams procedure just described 
only in the interposition, between the spray and the catalyst bed, of a rotating 
cylinder coated with nickel catalyst. The second modification seems identical 
with the Bedford and Williams invention. 

3644 . In a supplement patent 221,890, 1909, Erdmann recommends the 
steam distillation from the reaction chamber of the saturated product, under 
diminished pressure. 

3646 . A development of this method is seen in an apparatus described by 
Verona Rinati Je for the hydrogenation of oils, in which palladium precipitated 
on small pieces of coke is used as a catalyst. 

The catalytic material is placed on a movable support kept in motion by a rotating spindle 
connected by gearing with a pulley outside the reaction chamber. Oil which has previously 
been heated is sprayed into the upper part of the chamber by means of hydrogen under pres- 
sure, and a pressure of about 2 atmospheres is maintained inside the chamber. Three reac- 
tion chambers are provided and the oil may be withdrawn after one, two, or three treatments, 
according to the degree of hydrogenation desired. The hydrogen is obtained from water-gas 
by the Frank- Linde-Caro process of refrigeration, and all the excess coming from the reaction 
chambers is returned to the refrigerating apparatus for purification. When the catalyst 
loses its activity, it is washed in the apparatus with an inert solvent (benzine), the last traces 
of the latter are expelled by a current of steam, and the palladium is again rendered active by 
treatment with hydrogen at not above 150° C. Palladium possesses the advantage of being 
active at a considerably lower temperature than nickel (e.g., at 80° to 90° C.). 

3646 . Among apparatus and methods in which the oil is circulated we find 
several which employ the device of spraying the oil-catalyst mixture into the gas 
space. 

*• Annali Chim . Appl., 1914, S, 99-105; J.S.C.I . , 1914, 1061; Chem. Abst., 1914, 3723. 
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3647. In the trial of the case, already mentioned, where the validity of the 
Normann patent was in issue it was shown that the defendants (Techno-Chemi- 
cal Laboratories, Ltd.) had used (perhaps to set up a test case) a pilot plant. 
This consisted of a cylindrical autoclave 1 meter high and } meter in diameter 
(inside measurements,) with a steam jacket, and fitted with a non-conducting 
lining of unknown material. Nine kilograms of cotton oil were pumped into the 
autoclave, and 288 g. of a composition, containing a catalytic agent, were used 
and were mixed with the oil prior to the introduction of the mixture into the 
autoclave. The autoclave was then filled with hydrogen from a cylinder to a 
pressure of 15 atmospheres. During the operation the pressure varied from time 
to time according to the absorption of hydrogen. A mechanically driven circu- 
lation pump was connected with the autoclave both by its suction and delivery 
conduits. By means of a pump and a jet for spraying, a mixture of oil and com- 
position containing the catalytic agent was drawn from, and forced back into, 
the autoclave. 27 

3648. With mechanical circulation of the oil-catalyst mixture agitation may 
be effected by suitably disposed baffle plates. An apparatus of this kind which 
is industrially important is that of Maxted. 28 This will be described in more 
detail when we come to consider complete plants for oil hydrogenation. The 
principal element is a tower provided with a number of fixed baffle plates shaped 
like propeller blades. These are superposed on one another and are alternately 
parts of left-handed and of right-handed screws. Through this column the oil- 
catalyst mixture is “ projected ” (which does not seem to mean anything other 
than “ pumped ”) together with hydrogen. The action of the baffles is to cause 
rotation of the mixture alternately clockwise and anti- 
clockwise. 

3649. The apparatus of Schlostein 29 is intended to 
permit of hydrogenation and deodorization being performed 
in the same vessel. The oil circulates in a closed system. 

Perforated pipes force the deodorizer (e.g., steam) or the 
hardening agent (i.e., hydrogen) through the oil. 

3660. A frequently used device is that of causing the 
oil to flow over baffles of some kind so as to expose it in a 
thin film to the action of hydrogen. Thus Humphreys 
hydrogenates oil with an apparatus consisting of a closed 
chamber (Fig. 52) having within it slightly inclined, sup- 
porting plates, one above the other, and successively dis- 
charging at their lower edges onto the upper portions of 
the next succeeding plate with means at the bottom of the 
chamber for collecting the material being acted upon and delivering to a pump 
which conveys it back to the top of the chamber to complete the path of cir- 
culation. 

11 Brit. Off. Jour. Suppl., June 18, 1913, 301. This seems to he the apparatus and method 
described in Swed. Pat. 992, May 27, 1911, to Techno-Chemical Laboratories, Ltd. 

* Brit. Pat. 109,993, 1916, to Maxted and Ridsdale; U. S. Pat. 1,313,407, Aug. 19, 1919. 

® U. S. Pat. 1,296,013; Chem. Abst .. 1919, 1539. 
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3551. In the same order of ideas is Sojiro Kawase’s apparatus.* 90 This con- 
sists of a tower in the center of which is a vertical rod. To this rod are attached 
perforated plates at a slope of 60°. Down the “ stairs ” so formed the oil-cata- 
lyst mixture cascades, meeting the up-coming hydrogen current. 

3652. The Soci6t4 Anonyme Toxyhydrique frangaise has proposed a detail 
in the technique of hydrogenation which consists in passing the hydrogenated 
oil, holding catalyst in suspension, through an asbestos filter. This retains the 
catalyst. The new batch of oil coming through the filter in the reverse direction 
takes up the catalyst.* 0 

Double Circulation — Hydrogen and Oil 
(without mechanical agitation) 

3663. A rather complicated oil-catalyst mixture circulation apparatus is 
described by Martin. 31 A reservoir contains the oil-catalyst mixture. It has a 
gas space above. Into this the oil is pumped from the circuit or from the supply 
of raw oil or from both. The mixture passes by gravity, through a valve in the 
bottom of the reservoir, into conduits. These conduits are jacketed for heating 
and heat-regulation. In these conduits are perforated pipes connected with a 
hydrogen pump. This, drawing gas from the gas space and from the general 
supply, forces it through the perforations into the circulating oil-catalyst mix- 
ture. The residual gas accompanies the oil to the reservoir, thus completing the 
circuit. 

3554. Two somewhat related methods of hydrogenation by spraying the oil- 

catalyst mixture into hydrogen under pres- 
sure are described in patents to Testrup 31 
and to Wilbuschewitsch. 

3666. Testrup’s process and apparatus is 
described in Brit. Pat. 7726, of 1910, and is 
illustrated in Fig. 53. Oil and catalyzer are 
pumped through the pipe 0 into the tank 
A, and hydrogen is admitted by the pipe H 
to furnish a gas pressure of, say, 15 atmos- 
pheres. The tubes B are heated by steam 
and the stirrer C circulates the oil and cata- 
lyzer in the tank A, until the oil has become 
heated and presumably somewhat hydro- 
genated. The oil is allowed to pass into 
the adjacent tank E , entering this tank by 
the spray nozzle F . Hydrogen gas is admitted 
to the tank E from the tank A, so as to afford a pressure of, say, 12 atmospheres 
in the tank E. A series of tanks may be arranged with a constantly decreasing 

"•Japanese Patent 37,301, Oct. 19, 1920; Chem. Abat., 1922, 170. 

10 Brit. Pat. 143,848, May 11, 1920; Chem . Abat., 1920, 2296; reference to Brit. Pat. 127,978. 

31 U. S. Pat. 1,333,328, Mar. 9. 1920; Brit. Pat. 129,461. 

,J Testrup was co-defendant with Techno-Chemical Laboratories, Ltd., in the caae of the 
Normann patent and counsel stated that this spraying process wae Testrup’a invention. 
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pressure so that the differential pressure enables the spraying of the oil from 
tank to tank. Testrup states that spraying the material ten or fifteen times is 
sufficient to bring an oil of an iodine number of 110 down to an iodine number 
of 50. 

S556. According to one form employing the apparatus shown in Fig. 54, and treating 
cottonseed oil, the oil, mixed with a suitable contact substance, such as finely divided palla- 
dium or preferably nickel, is placed in a vessel a provided with a stirring device 6 comprising 
blades or like elements fixed to a vertical and rotatable shaft c within it. The amount of 
nickel may l>e about 2 to 3 per cent by weight. This vessel is preferably jacketed as at d, 
and is heated by the passage of heated fluid through this jacket, say to about 160° C. From 
this chamber the oil is pumped by a pump / through a conduit / and enters a vessel g, which is 



jacketed and heated by tubes h , being also provided with a mixing device comprising a central 
tube and propeller arrangement i. Hydrogen gas is supplied at high pressure from a reser- 
voir/ through a duct k. The vessel g has an educt l for the material under treatment at its 
base and an educt for hydrogen m provided with a loaded valve n. The duct m opens into 
a vessel o into which the oil from the vessel g is sprayed by a spray nozzle p attached to the 
end of the duct l by the pressure of the gas in the vessel g. The oil and catalyst thus exposed 
to the action of the gas fall into the base of the vessel o to be forced by the pressure of the gas 
therein through a duct to a nozzle r in another vessel a wherein the operation is repeated. 
Several such vessels are arranged in this way in cascade, all being jacketed to allow of main- 
taining the desired temperature. The last vessel t is provided with any suitable educt u 
for the gas and an educt v for the treated oil and catalyst which is passed to filter press to 
in which the oil is separated from the catalyst, the former passing by a duct z to a reservoir 
V and the catalyst being returned to the vessel a for which purpose the chute z may be utilized. 
Should the catalyst have become contaminated with nickel soap it may be purified as by 
washing with acid. A storage tank for the material awaiting treatment is indicated at 1 
with its duct 2 leading to the vessel a. Gauges for noting the pressure 3 and the level gauges 
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4 are also employed. The temperature at which the reaction is conducted is about 160° to 
170° C., and the pressure of the hydrogen in q may be about 15 atmospheres, in o say 12 atmos- 
pheres, the difference in pressure producing the spray. The pressure may similarly fall by 
3 atmospheres for each vessel. It may be necessary to pass the substance again through the 
apparatus or to provide several systems of heaters and spraying devices in series in order to 
obtain the desired result but by this process the requisite number of repetitions can be carried 
out rapidly. Even such a number of treatments as stated above requires only about thirty 
minutes or less and the number of treatments would depend largely on the activity of the 
catalyst employed. 

3657. The Wilbuschewitsch plant is a rather complicated system, and Fig. 
55 shows only what appear to be the essential features of the treating apparatus. 

Several tanks or autoclaves are connected as shown 
at A and A', oil entering the top of the tank A by 
the pipe 0, to form a spray which in descending meets 
an upward current of hydrogen entering by the pipe 
H. The oil is drawn off through the pipe O', and 
sprayed into the tank A'. This time it meets a current 
of hydrogen represented by the excess of hydrogen 
coming from the tank A. The treated oil is drawn 
off and may be centrifuged to remove the catalyzer. 
A pressure of 9 atmospheres is recommended and 
the pressures may be varied in the different 
tanks. 33 

3668. Of the Wilbuschewitsch process Gold- 
schmidt states that the high hydrogen pressures 
employed enable the reaction to take place quickly 
at temperatures between 100° and 160° C., so that 
the fat is not likely to be injured by the temperature to which it is sub- 
jected. 34 

3659. Another apparatus for hardening oil, proposed by Wilbuschewitsch, 36 
comprises the vessel R (Fig. 56) containing the fat to be treated and the vessel O 
containing the catalyst. Differentially connected pumps AA' feed the oil and 
the catalyst into the mixing device B in which an intimate mixture of the oil and 
the catalyst is obtained. This mixture passes through a pipe G and the valve H 
into an autoclave «/' which is provided with a spraying device C consisting of 
a number of spraying nozzles so arranged that the oil and catalyst are uniformly 
scattered in finely subdivided condition throughout the whole inner space of the 
autoclave. A compressor K forces hydrogen into the autoclave under a pressure 
of about 9 atmospheres. The pipe X extends from the upper part of the auto- 
clave downward to the lower end of the same and is provided at its lower end in 
the conical part of the autoclave with an admission nozzle D\ By this spraying 
system an intimate contact of the oil mixture with the hydrogen is achieved on 
the counter-current principle. The autoclave is heated to between 100° to 160° C. 
according to the nature of the oil under treatment. The reduction by the 

33 U. S. Pat. 1,024,758, Apr. 30, 1912. 

34 Chcm. Ztg., 1912, 945. 

33 U. 8. Pat. 1,079,278, Nov. 18, 1913. 
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hydrogen begins at the upper part of the autoclave. The partially reduced oil 
mixture collects in the conical part of the autoclave and is sprayed in the form 
of a fountain through the autoclave by the incoming hydrogen. The mixture is 
forced by pump E' into the second autoclave J *. The hydrogen enters this 
autoclave through pipe Y and the action of the first autoclave is repeated. Any 
number of such autoclaves can be arranged in series or parallel to each other in 
accordance with the extent of reduction required. It is generally suitable to 
use one autoclave for each increase of melting-point by 15° C. When the fat 
has attained the desired melting-point which is ascertained by samples with- 
drawn from the autoclaves, the oil mixture is withdrawn through the valve U 
into the centrifugal apparatus F. Here the oil is separated from the catalyst. 
The finished reduced oil flows into the reservoir N while the catalyst is returned 
through the pipe R' and valves S and T to the vessels 0 and P. 
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3660. At first when the catalyst which Wilbuschewitsch employs is still quite 
fresh, he states that 1 per cent may be used. When, however, in the course of 
the operation its catalytic power decreases, correspondingly more of it must be 
present. The regulation of the quantity of catalyst may be attained by a suit- 
able adjustment of the differential pump system. 

3661. When the catalyst is completely spent it is allowed to flow out through 
the valve S into the reservoir P in order to be regenerated. The working is con- 
tinued by introduction of fresh catalyst through the valve T. The hydrogen 
not consumed passes through the check valve W and pipe Q and cooling worm L 
into a vessel M filled with caustic soda lye where it is purified and then passes 
to the compressor and autoclaves. 

3662. Wilbuschewitsch regards his process as applicable to the treatment 
of all unsaturated acids and their glycerides, as well as for waxes and other alco- 
holic fatty substances. From castor oil there is obtained a product which melts 
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at 83° C. The finished fat can be hydrolyzed and the fatty acids distilled. For 
example, from cottonseed oil there may be obtained fatty acids which melt up 
to 71° C. and make excellent candles. After suitable refining the products may 

yield satisfactory alimentary fats 
if the reduction is only carried so 
far that the melting-point is be- 
tween 28° and 34° C. Thus he 
finds from castor oil there may 
be made a product which is 
odorless and tasteless, but retains 
the other properties of castor oil. 
So also from cod-liver oil and other 
fish oils there may be made butter 
substitutes, or from vegetable oils 
substitutes for cocoa butter. Oils 
Fio. 57. treated by the process lose their 

specific odor. 

3663. Mandelstam hardens oil by a combined spraying and bubbling method 
employing apparatus as shown in Fig. 57. A closed tank heated by a steam coil 
is two-thirds filled with oil carry- 
ing a catalyzer in suspension. The 
pumps shown on either side of 
the tank withdraw the oil and 
catalyzer mixture from the lower 
part and spray it into the gas 
space in the upper part of the 
tank. Hydrogen is admitted by 
the pipe shown in the middle 
of the top of the apparatus 
and is forced into the oil at 
various places in the tank by 
means of sprayers or distributing 
devices. 16 

3664. For the effective mix- 
ing of oil, catalyzer and hydro- 
gen, Ittner 17 recommends an 
apparatus of the character shown 
in Fig. 58. 

In this drawing a receptacle containing oil is equipped with a peculiar form of agitating 
and hydrogen-mixing device shown in detail in Fig. 68a. The latter is termed by Ittner 
a centrifugal distributor or injector. It is set below the normal lovel of the oil and is so 
constructed that the liquid is drawn in near its center and discharged centrifugally outward 
so that circulation of the liquid is effected. The upper part of the chamber is filled with 
hydrogen gas which may be at atmospheric pressure or under increased or decreased pressure. 

,# /.S.C./. f 1914, 1162; U. S. Pat. 1.114,623, Oct. 20, 1914. 

17 U. S. Pat. 1,242,445, Oct. 9, 1917; Cf. 1,271,576, July 9. 1918, to same patentee. 
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The ga s ia drawn through the hollow shaft of the centrifugal distributor by means of per- 
forations and passes out through the disc-shaped portion admixed with oil. By this means 
Ittner states, an intermixture of the liquid and gas of such intimacy is obtained that ordinary 



Fio. 68a. 


agitation can add but little to the efficiency of the operation. In fact, he states it is some- 
times advantageous to avoid a high degree of agitation of the liquid and screens or baffles 
may be so placed as to lessen agitation. 



Fio. 69. 


3566 . Ittner 11 also effects this mixture of gas and oil in another manner 
shown by Fig. 59. The oil-catalyst mixture is pumped from the bottom of the 
* U. 8. Pat. 1,271,575, July 9, 1918. 
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reaction vessel and reenters from above. The aspirator device communicates 
with the gas space. The gas is, therefore, entrained with the oil-catalyst 
mixture and carried into the body of the oil, with which and with the catalyst 
it forms an intimate mixture. 

3666. Birkeland and Devik *' employ a form of apparatus which permits of 
forcing a mixture of oil and catalytic agent downwards through a nozzle into an 
atmosphere of hydrogen, filling the space above the bulk of the oil, which is con- 
tained in an autoclave. The hydrogen is drawn into the oil jets by injector action 
and subsequently rises in small bubbles through the body of oil. The process is 
preferably carried out under a pressure of 10 to 15 atmospheres and at a tem- 
perature of about 150° C. Sudden reduction of the pressure is claimed to pro- 
mote the hydrogenation of the oil. Details of the apparatus are shown in the 
accompanying illustration. Figure 60 is a hydrogenating apparatus shown in sec- 



Fio. 60. 


tion. Birkeland and Devik state that when an efficient catalyzer, for instance 
pyrophoric nickel, and a good oil are employed, the hardening will be effected in 
from one-half to one hour. 

3667. They observe that it is advantageous to employ injectors which are so constructed 
that the shape or thickness of the oil jet may be altered, because such alterations during the 
working have proved to be necessary in order to obtain at each moment the best possible 
atomization and distribution of the gas in the liquid. To obtain this a member adjustable 
from the outside may be provided in the injector. The oil is introduced into the vessel 11 
through adjustable injector nozzles 12, so as to produce a mixture of the very hot oil with 
hydrogen. This milky-white mixture, in which the bubbles of hydrogen are too small to be 
observed with the naked eye, is then introduced through a reduction valve, 13, into a larger 
vessel. 14. Birkeland and Devik claim to have found that under this expansion the intimate 
mixture of oil and hydrogen gives off malodorous volatile substances which may be condensed 
and washed out by passing the gas through a condensation and washing apparatus, 15. 
This is stated to have the advantage of eliminating several substances (volatile amines, water, 
etc.) before the addition of the catalyzer so that on the one hand an unnecessary inactivation 
of the catalyzer is obviated, while on the other hand hydrogen is consumed only for the pur- 
pose of hardening the oil itself and not for the hydrogenation of the volatile bodies. The 
hydrogen gas. after having passed through the vessel, 14, and having thereupon been puri- 
fied. is then again compressed and brought into circulation anew by being introduced into the 
hydrogen space, 18. When the oil has in this manner been freed from various malodorous 

*U. S. Pat. 1,125,259, Jan. 19, 1915. See also 1,271,575 and 1,271,576 issued July 9, 
1918, to Ittner. 
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volatile substances the hardening process may be started by adding the catalyier to the oil. 
During the hardening operation the same circulation as before described may be maintained 
or the inlet to the expansion tank may be closed and the oil maintained in circulation only 
through the pressure vessel, ll. 40 

3568 . The direct pumping of hot hydrogen gas, especially if the latter is under 
considerable pressure, offers some difficulties, and the apparatus shown in Fig. 61 
is designed to effect a circulation of the gas by inductive effect. The tank 1 car- 

m ries an inductor 2 through which is 

Dt forced oil propelled by the pump 3. The 

(D /\ passage of the oil through the inductor 

yfi] I II causes hydrogen, which is supplied to 

[ I V the upper part of the tank, to be drawn 

W* into the central vertical pipe and carried 

0 j| to th e bottom of the tank 



when the gas bubbles through the main body of oil. Thus the oil which is 
being treated is made use of to circulate the gas. 41 

3569 . A modified form of the inductor and tank shown in Fig. 61 is depicted 
in Fig. 62. 41 

In Fig. 62, 1 is a treating receptacle having the inlet 2 for oil or catalyzer; a hydrogen 
inlet 3; a back-flash tube 4; a draw-off valve 5; a steam-heating coil 6; supporting members 

40 French Pat. 456.632. Apr. 14, 1913; U. S. Pat. 1,125,259, Jan. 19, 1915. 

41 U. S. Pat. to Ellis, 1.059.720. Apr. 22. 1913. 

41 Ellis, U. 8. Pat. 1,084,203, Jan. 13. 1914. 
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7; and a catalyser inlet 8 adapted to hold capsules of catalyser; 11 ia a pump connected with 
the lower part of the tank by the pipe 12 and having a discharge pipe 13 extending to an 
inductor 14 which is in communication by means of the inlet 15 and pipe 16 with the top of 
the treating receptacle 1. From the inductor the pipe 17 extends nearly to the bottom of the 
receptacle and terminates in a distributer 18 which is so arranged that the flow of material 
therethrough is both down and angularly against the bottom of the tank or receptacle. 

DIRECT MECHANICAL AGITATION 

3570. Mechanical agitation of the liquid may be used in combination with 
gas circulation, oil circulation, with fixed or with suspended catalyst. 

3671. Arnold's apparatus 41 is illustrated in Fig. 63. The mixing of the oil 
with the gas is accomplished by imparting a rotary motion to the oil in the lower 

portion of the tank and causing 
the whirling liquid to be thrown 
upwardly into the space occupied 
by the gas, by means of fixed 
blades or deflectors which dip 
into the liquid. The oil is thrown 
against the top of the tank, so 
that it is broken up and showers 
down through the gas space. 

3672. Wells 44 has devised an 
apparatus and process of this 
type. In a vertical cylinder ro- 
tates a central shaft carrying two 
propeller agitators. The first is 
near the gas entry at the bottom 
of the cylinder; this one rotates 
rapidly and serves to shatter the 
gas current. The second propeller, 
placed higher, rotates more slowly 
and produces a slow circulation of 
oil, catalyst and gas. 

3673. A typical apparatus com- 
bining agitation, baffles and oil 
circulation is described by Lane. 48 
This consists of a vertical cylin- 
drical vessel which is heated by 

means of a steam jacket or otherwise. Beaters rotating horizontally round 
a central vertical shaft, alternate with annular sloping shelves on the sides 
of the vessel, so that the oil entering at the top is alternately sprayed outwards 
to the sides and guided to the center of the beaters next below, and so on until it 
reaches the bottom; it is then pumped again to the top of the vessel. 44 

41 U. S. Pat. 1.181,205, May 16. 1916. 

44 U. S. Pat. 1,1383,887, July 5, 1921. 

48 Brit. Pat. 968, Jan. 21, 1915; J.S.C.I . , 1916, 642. 

44 See also French Pat. 481,504, Dec. 13, 1916; Chem. Abst ., 1917. 2122. 
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3574, The apparatus described in Lane’s U.S. Pat. 1,307,588 of June 24, 1919, 
is an improvement on that described in British Pat. 968 of 1915, and French Pat. 
481,504 of 1916. 47 The improvement consists in employing internal circulation 
of the oil instead of pumping it through an external pipe. The apparatus con- 
sists of a main cylindrical reaction vessel with the usual connections. In this 
is an inner cylinder open above. At 
the bottom of the latter is a centrifugal 
pump which serves to draw the oil- 
catalyst mixture from the inner cylin- 
der and to drive it upwards in the 
annular space so that it overflows at 
the top into the inner cylinder. In 
the inner cylinder rotates a central 
shaft carrying discs with blades; these 
rotate between annular shelves sloping 
to central openings. 

3676. Calvert claims that improved re- 
sults are obtained when, in addition to pres- 
sure, there are repeated shocks or impacts 
applied to the oil under pressure. Such a 
shock, it is alleged, cannot be applied readily 
by aid of a spray. He subjects a hot mix- 
ture of oil and catalyst under pressure and 
in the presence of hydrogen to such repeated 
mechanical shocks or impacts. This may be 
effected by means of rotary beaters. In 
treating oil for edible use, it is important to 
avoid decomposition of the fat and Calvert 
states this can best be done by employing 
high pressures of hydrogen. Pressures up to 
and above 250 lb. per sq. in. are used. The 
mixture of oil and catalyst is supplied to a 
closed container, Fig. 64, fitted with a pro- 
peller at the base and rotary agitators above, 
in the form of a comb. These rotary or moving 
parts are mounted on a shaftwhich isdriven by 
a motor inclosed in a casing over the spherical Pj 0 54 . 

container. It will be found on trial, Calvert 
states, that there is a comparatively small 

range of temperature at which absorption is most active. The curve showing the rate of 
absorption and the temperature follows practically in a straight line till a certain point is 
reached, when it ceases to have an upward inclination and passes over into a substantially 
horixontal line. This curve is indicated in Fig. 65, which is the approximate curve for fish 
oil. The rate of absorption, as stated, is also increased with the pressure and especially 
in the case of vegetable oils intended for food purposes the pressure should be high to prevent 
decomposition. In the latter case the pressure should be above 250 lb. per sq. in., and may 
be as high as 500 lb. to 600 lb. per sq. in. Whale oil has been deodorised in twenty minutes, 
and hydrogenated to a hard fat in fifty-five minutes with the Calvert apparatus. The 
approach of the point of saturation can be readily ascertained by observing the absorption of 
the hydrogen by a suitable gauge on the hydrogen supply pipe. With this apparatus there is 
little likelihood of leakage of hydrogen so that the gauge gives a correct indication of the 
rate of absorption. 



47 Chem. Abat., 1917, 3122. 
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3576. Various forms of apparatus are employed by Calvert, 41 one of which is shown in 
Fig. 66, and consists of a gas-tight inclosure comprising a commingling chamber a, a motor 
chamber e , and a pipe d connecting the two. The liquid to be treated such as oil, is placed in 
the com mi ngling chamber a. The commingling means is in the form of stirrer blades c 



mounted on a shaft 5, which passes through the pipe d and is driven by a motor / located 
within the motor chamber t. In the case of the hydrogenation of oils / is preferably a motor 
of the induction type so as to avoid sparking. The gas which is to be commingled with the 
oil is supplied to the gas-tight inclosure by a pipe g which for instance may be connected to 



Fio. 66. 


the motor chamber e, the gas passing from the chamber through the pipe d into the com- 
mingling chamber a. In the hydrogenation of oils this pressure is sometimes fairly high and 
hence the great difficulty associated with the prevention of leakage if the stirring mechanism 
for the shaft 6 passes through a stuffing gland. In the apparatus of Calvert there are no pack- 

« U. S. Pat. 1,123,092, Dec. 29, 1914. 
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ing glands for any moving part* passing through the walls of the gas-tight inclosure and con- 
sequently hydrogen cannot leak from the interior of the vessel. In order to prevent vapor 
rising to the motor chamber c and to maintain this chamber fairly cool, a jacket i through 
which water circulates may be arranged on the connecting pipe d. The finished product is 
removed from the commingling chamber a by a pipe k. Another form of the apparatus, Fig. 
67, has stirrers driven by an electromagnet placed outside of the hydrogenation chamber. 
On rotation of the shaft carrying the magnet the stirrers inside the chamber are actuated by 
magnetic action. 

3577. Figure 68 represents this type of oil-hydrogenating apparatus. In the 
design is embodied the patented principle of enclosing the agitating motor in a 



Fio. 67. Fio. 68. 


chamber essentially an extension of the autoclave proper, and under the same 
gas pressure. By this arrangement the risk of leakage is entirely eliminated, 
and at the same time high stirring speeds are rendered possible without the 
frictional resistance which would be caused by shafts passing through glands, 
etc. The autoclave proper is the lower vessel shown in the illustration, and is 
enclosed in a heat-insulating jacket. The top vessel contains the electric motor, 
the intermediate tube through which the stirrer shaft passes being enclosed in 
a water jacket in the large sizes. Current is conveyed to the motor by insu- 
lated screws on the top of the machine. On the right is the flue and the hydrogen 
feed pipe, the charging and discharging tube being shown on the left. For con- 
venience in discharging the contents, in the smaller sizes the whole is mounted on 
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trunnions. The oil is brought into a state of fine division by the stirrer blades, 
which cause the liquid to rotate against the inner side of the vessel, to which 
perforated baffle plates are fitted. The working pressure is 200 to 250 lb. per 
sq. in., and the temperature about 185° C., but every machine is tested to 1000 
lb. cold water and to 500 lb. gas at 200° C. The illustration represents a small 
size, suitable for oil laboratories, which stands about 4 feet high, but large units 
also have been manufactured for working in batteries on a commercial scale. 49 

3578. In another method proposed by Calvert 60 catalyst is treated with 

hydrogen in a closed vessel contain- 
ing a rotating comb-shaped agitator 
surrounded by a stationary gauze 
screen, which finely subdivides the 
oil, while a centrifugal propeller at the 
base flings the mixture upwards to be 
beaten and subdivided again. 

3579. Higgins provides agitation 
by means of beaters or vanes rotating 
on a horizontal axis. To these arms 
are attached conical cups, the narrow 
part next to the arm being perforated, 
the free base being imperforate. The 
upper part of the vessel is a gas space. 
The leading part in the direction of 
rotation is the perforated narrow 
mouth of the cup. Fig. 69 illustrates 
this apparatus. 61 

3580. In an apparatus devised by 
Ellis 62 and illustrated in Fig. 70 the 

Fio. 69. oil and catalyzer are exposed to an 

ascending current of the gas. The oil 
and catalyzer mixture is caused to circulate in a direction approximately 
transverse to the direction of flow of the stream of hydrogen. 

Apparatus for the purpose is shown in Fig. 70. A treating tank is equipped with a 
shaft, carrying mixing blades. Hydrogen is entered by a pipe at the bottom and passes out 
of the apparatus by an exit pipe at the top. The bell-shaped structures on the shaft may be 
used for the purpose of intercepting the upward flow of the gas, permitting of a longer period 
of contact. The tank is filled with oil containing catalyzer, finely divided nickel from nickel 
carbonyl being suitable for this purpose. The stirring apparatus is put in motion and hydro- 
gen introduced. 

3681. Allbright 68 uses a cone-bottomed reaction vessel. In this is set, cen- 
trally, an inner cylinder of relatively small diameter. At the bottom of the 

41 Chtm. Trade Jour. 1913, 618. 

60 J.3.C.7., 1915, 434; Brit. Pat. 5967, Mar. 9. 1914; U. S. Pat. 1,142,668, June 8, 1915. 

11 U. 8. Pat. 1,170,815, Feb. 8. 1916; Chem. Abel., 1915, 4; Brit. Pat. 15,063, June 13, 1913. 

M U. 8. Pat. 1,096, 144, Apr. 28, 1914. 

11 U. 8. Pat. 1,404,708, Jan. 24, 1922 (first application filed June 28, 1915; renewed 
Sept. 22, 1920). 
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inner tube are two propellers, right- and left-handed: thus, though they rotate 
in opposite directions, they both drive the gas, oil and catalyst mixture upwards 
through the cylinder, to spill over at the top, 
through the gas space, into the main body of 
liquid. The hydrogen is admitted at the 
lowest point, viz., the apex of the cone. At 
the surface of the liquid in the outer cylinder 
are set skimming cups which take off small 
quantities of the oil, etc., and convey it to a 
manifold from which it is pumped to the apex 
of the cone. 

3582. An apparatus for hydrogenating 
oils designed by Sugita consists of a cylindri- 
cal hydrogenating vessel or converter which is . — 
provided with two revolvable shafts, one 
within the other. A propeller with a number 
of nozzles for supplying hydrogen, each pro- 
vided with an automatic valve, is attached 
to the end of one of the shafts. By this 
arrangement the hydrogen is made to contact 

rapidly and thoroughly with the oil, thereby facilitating the hydrogenation. 64 

3583. Kayser 66 describes apparatus one form of which is diagrammatically 
represented in Fig. 71. Here A is a closed horizontal cylindrical vessel in which 




Fio. 71. 


is a paddle wheel D, made up of blades carrying wire gauze. The paddle wheel 
is rotated by a driving gear at B. In the upper part of the tank is an inlet for 

64 Japan. Pat. 30.637. Jan. 19. 1917; them. Abat., 1917, 2413. 

“ U. S. Pat. 1,004.035, Sept. 26, 1911. 
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charging oil and presumably also the catalyzer, the oil being admitted to the tank 
in an amount sufficient to fill to perhaps one-fourth or one-fifth the entire capac- 
ity. Hydrogen is admitted at H and passes, by the three-way cock /, to the 
compression pump J, going from there to the treating receptacle. At the oppo- 

side end of the tank is an exhaust pipe L, carrying a 
blow-off valve Af, for the purpose of venting the 
unabsorbed hydrogen. The temperature of treatment 
is stated to be about 150° to 160° C. Although the 
claims call for the use of hydrogen under pressure, no 
working pressures are specified. 

3684 . Feld 16 describes an apparatus for causing intimate 
contact between liquids and gases. A simple type is shown in 
Fig. 72. Gas enters the stationary bell, a, through the pipe e, 
and is distributed through the liquid, o, In an atomized condition 
by the rotation of the agitator, d, which also serves to agitate and mix the liquid. Over 
twenty modifications of the apparatus are described in the specification. 

3686. Kimura 6to describes an apparatus in which an unsaturated fatty oil, a 
catalyst such as nickel carbonate and hydrogen gas are agitated in a vertical 
cylinder enclosed in a steam jacket. The agitator consists of wire frames actu- 
ated by a planetary movement. 

3686. Pictet hydrogenates oil by causing it to flow by gravitation, with or 
without the addition of a catalyst, through a series of communicating tubes the 
walls of which are composed of a catalytic metal. The inner surface of the walls 
of the tubes is submitted to a preliminary treatment to increase the catalytic 
activity of the metal. Hydrogen is introduced into the tubes, and the oil is sub- 
divided by rotating devices, which constantly brush against the inner walls. 17 

3687. An unusual method is employed by de Jahn. 68 Oil is agitated with 
hydrogen in one vessel and then passed through a second vessel containing the 
stationary catalyst. The circulation of the fat is continued until hydrogenation 
is complete. The apparatus used by de Jahn is shown in Fig. 73, the agitating ves- 
sel appearing on the right, and the catalyst chamber on the left of the illustra- 
tion. The catalyst, which may consist of cobalt, palladium, or nickel, is carried 
in thin layers on an inert material, such as porous burnt clay lumps or pumice 
stone. 

3688. Sieck and Drucker 69 state that their apparatus is specially designed 
to accelerate hydrogenation by maintaining the contact between oil, catalyst and 
gas for a period substantially longer than that usually employed. Essentially 
this is effected by placing an open-ended cylinder vertically in the center of the 
reaction vessel. In this cylinder there rotates a continuous helicoidal or spiral 
propeller, on a shaft which also carries, at the lower end, a propeller of the ordi- 
nary type. Between these two propellers is a hydrogen inlet. The action of the 

M U. S. Pat. 1,110,914, Sept. 15, 1914. 

Brit. Pat. 113,232, Aug. 31, 1917. 

47 J.S.C.I . . 1915, 434; French Pat. 472,080, July 24, 1913. 

14 U. S. Pat. 1.131,339, Mar. 9, 1915; J.S.C.I., 1915, 434. 

" U. S. Pat. 1,335,398, Mar. 30, 1920. 
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propellers drives the oil-catalyst mixture downwards through the inner cylinder, 
while the hydrogen bubbles upwards in counter-current. See Fig. 74. 

3689. Agitation also has been effected by motion of a reaction vessel, con- 
taining the oil and catalyst. The vessel may be a drum rotating 60 or oscillating 81 
on a longitudinal horizontal axis. 

3690. In Ney’s apparatus 41 the catalyst is placed in baskets in the reaction 
chamber. In this chamber an oil mist in an atmosphere of hydrogen is produced 
by atomizers. The catalyst baskets are rotated at a speed such that the centrif- 
ugal force is sufficient to throw off the grosser particles of oil while permitting 
the mist particles to come into intimate contact with the catalyst. 





Fio. 73. 

3691. A highly complicated system is specified in patents to Blair, Camp- 
bell and McLean, Ltd., 81 and to Blair and Ferguson. 44 In a cylindrical high-pres- 
sure reaction vessel is fitted, centrally, a rotating shaft. From the sides of the 
vessel there project annular, sloping shelves with central holes. The shaft is 
fitted with a series of buckets perforated for the passage of bristle brushes. These 
buckets rotate between the annular shelves. The lower end of the shaft carries 
a stirring device which maintains the catalyst in suspension. The oil-catalyst 

80 U. 8. Pat. to Ellis. 1,052.469. Feb. 11, 1913. 

81 Brit. Pat. to Charlton, 1,410, Jan. 19, 1914. 

88 U. 8. Pat. 1,185.704, June 6, 1916. 

44 Brit. Pat. 144,478, Aug. 28, 1919. 

44 Brit. Pat. 144.479, June 19, 1919; 1920, 551A; Chem. Abtt., 1920, 2996. 
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mixture is pumped from the bottom of the vessel over the first shelf. Flowing 
through the central opening it enters the first rotating bucket. Flung by centrif- 
ugal force along the bristles it enters the gas space as a mist : it collects on the 
wall, flows down the second shelf to the second bucket, and so on. The later 
patent describes an inner cylinder with perforated baffles, geared to rotate in the 
same sense as the central shaft, or in the opposite sense. This cylinder is per- 



forated with openings through which gas enters and is forced againBt the centrif- 
ugal spray of liquid. 

3692. The firm of H. Schlinck & Co., of Hamburg, Germany, hydrogenate 
oil by passage through a centrifuge, the drum of which carries a porous lining 
supporting palladium catalyzer which offers a frictional resistance to the passage 
of the oil. Openings are provided in the walls of the drum in which is placed 
rough or porous material covered with precipitated palladium. Several drums 
may be arranged in series. 46 

M Brit. Pat. 8,147, 1911; U. S. Pat. 1,082,707, Dec. 30, 1913. 
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3593. Steward in a long and detailed specification 44 describes an elaborate 
apparatus and method for hydrogenation of liquids. The original patent should 
be consulted for particulars. Essentially the process consists of producing a film 
of the substrate (e.g., unsaturated oil) by centrifugal means under conditions 
permitting control of the film thickness. This film is exposed to the hydrogen 
atmosphere at any desired pressure and temperature. The catalyst will usually 
be suspended in the substrate, but it may be fixed. The principal advantages 
claimed are accuracy of control, rapidity of action, constant freshening of cata- 
lyst surface by attrition. 

3594. Mechanical agitation of the catalyst only is effected by Walter through 
the application of a magnetic field. If the catalyst itself is not magnetic it is 
supported on a magnetic body. By rapidly making and breaking the circuit 
forming the magnetic field, fresh parts of the catalyst can continually be brought 
into contact with the reacting substances and the catalyst can be moved to dif- 
ferent parts of the apparatus. For reactions with gases the catalyst is supported 
preferably on nets or perforated plates and a magnetic field is maintained per- 
manently near the outlet to cause the settling of any material carried along by 
the gas. 47 

3596. A combination of several methods is described in a patent to Fujimura 
and others. 48 From the bottom of a reaction vessel the oil is pumped to a rota- 
ting spraying device at the top. The spray of oil is projected against a gauze 
screen which rotates, in the gas space and in the oil, in the sense opposite to that 
of the sprayer. This screen is composed of nickel activated on the surface. 44 
Hydrogen enters by nozzles in the body of the oil which are so arranged as to 
cause the oil to rotate in the same sense as the sprayer. Here we have (1) agita- 
tion by gas current, (2) spraying of the oil, (3) fixed catalyst, (4) mechanical 
agitation. 

3696. A similar combination is used by Walker. 70 A body of oil to be hard- 
ened is placed in a closed receptacle. This oil contains finely divided catalyzer. 
The receptacle contains a shelf supporting a bed of catalyzer which is placed 
above the body of the oil. The mixture of oil and finely divided catalyzer is 
pumped from the bottom of the receptacle to the top where it is sprayed upon 
the bed of the catalyzer and passing therethrough collects in the body of oil 
beneath. The latter is stirred by an agitator while hydrogen is blown through 
the oil. The unabsorbed gas is withdrawn from the top of the receptacle and is 
passed through a condenser to remove moisture. It is then returned to the bot- 
tom of the receptacle. Thus both the oil and the gas are constantly circulated 
through the oil container. 

•• U. S. Pat. 1,284,488, Nov. 12, 1918 (application Aug. 19, 1912, renewed June 10, 1916.) 

07 Ger. Pat. 295,507, Apr. 20, 1913; J. Chem. Soc., 1918, Abat. ii, 163; see also French Pat. 
(to Walter) 471,108, Oct. 15, 1914. 

° Brit. Pat. 157, 057, June 14. 1920. 

40 By treatment with nitric acid, followed by reduction. 

70 U. 8. Pat. 1,276,290, Aug. 20. 1918. 



CHAPTER XXXVI 


MISCELLANEOUS PROCESSES AND DEVICES FOR OIL HARDENING 


3600. There is advantage in increasing the ratio of catalyst to oil because 
this is one way for shortening the period of working. In suspended catalyst 
methods this leads to filtration difficulties. Another way of shortening the time 
and also of lowering the reaction temperature is to work at high pressures of 
hydrogen. Both these improvements are combined by Ellis 1 in one method. 
Fatty oils containing unsaturated components are brought into contact with a 
stationary catalytic agent whose quantity is materially over 1 per cent (even 
up to 100 per cent) of the weight of oil which would be in contact with the cata- 
lyst at any given time, in the presence of a counter-current of hydrogen at high 
pressure. Thus no material amount of the metal of the catalyst enters into com- 
bination with the fatty acid of the oil because in these conditions the oily mate- 
rial may be cooled to a temperature below that at which objectionable side reac- 
tions occur, without interference with the hydrogenation. 

3601. Maryott 7 dissolves fatty oils or fatty acids in a suitable vehicle, such 
as alcohol, acetone, ether, petroleum ether, benzene, chloroform, carbon disul- 
phide, carbon tetrachloride, or other fat solvent; and the fat or fatty acid, while 
in the solvent, is subjected to the action of hydrogen in the presence of some cata- 
lyzer, preferably palladium. 

3603 . It is not necessary that the fatty substance be completely dissolved in the solvent, 
for triolein, for instance, in alcohol at a temperature below that at which it is completely 
soluble, is readily reduced in the presence of finely divided palladium. In general, a solution 
containing about 25 to 50 per cent of fat is preferable. 

3603 . The process can be carried out in a reaction chamber provided with an agitator 
and suitable means for regulating the temperature and gas pressuro. The solution of the fat 
or fatty acid in the fat solvent containing in suspension the catalyzer, preferably deposited on 
some finely divided material as asbestos, is introduced into the chamber, and kept agitated to 
insure a uniform mixing with the catalyzer, while the temperature is suitably regulated, and 
the hydrogen conducted into the chamber under appropriate pressure. While the unsaturated 
fatty bodies, when dissolved, for instance, in alcohol or acetone, are hydrogenized in the pres- 
ence of finely divided palladium at room temperature under atmospheric pressure, a higher 
temperature and a greater pressuro favor the reduction. After the reduction has proceeded 
sufficiently far, as shown by tests of samples withdrawn, the mixture is removed from the reac- 
tion chamber, the catalyzer separated by filtration, and the solvent distilled off either at atmos- 
pheric pressure or at reduced pressure, or without distilling off the solvent the reduced fatty 
substance may be largely removed by cooling and filtering off the separated fat. 

3604 . Instead of agitating the solution of the fat or fatty acid in the reaction chamber, the 
solution containing the suspended catalyzer can be sprayed by means of an atomizer into a 
chamber of hydrogen, and after sufficient action the mixture can be treated as above for the 
removal of the catalyzer and the solvent. 

1 U. S. Pat. 1,343,255, June 15, 1922; 1920, 551A. 

• U. 8. Pat. 1,097,456, May 19, 1914. 
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9600 . The influence of the solvent in facilitating the action of the hydrogen on the fat or 
fatty acid in solution may find an explanation according to Maryott, in the better opportu- 
nity afforded for the freer diffusion of the reacting substances. Maryott states that benzene, 
gasoline, and ether are solvents which greatly increase the speed of the reaction. 


3606. A process of, and apparatus for, making lard substitute is proposed 
by Chisholm.* 


Figure 75 shows a casing, mounted upon supports. Centrally and rotatably mounted 
within the chamber is a catalyzing element, consisting of a spool-like support wound with 
wire formed of or coated with a catalytic agent, the wound mass being sufficiently porous 



Fio. 75. 


to permit of the passage of liquid and gas outwardly therethrough, the liquid and gas tending 
to follow the spiral course of the wire in its passage outward. In the construction of the cata- 
lyzing element, No. 20 copper wire with a rough black unpolished electrolytic deposit of 
nickel thereon is used. Wire of nickel or palladium which has been roughened also may be 
employed. Within the spirally wound mass of wire is a central chamber with which there is 
rigidly connected an inlet pipe to provido hydrogen gas. A pipe on the opposite side sup- 
plies oil to the apparatus. The pipes are rotatably mounted within bearings secured upon 
opposite sides of the casing and the oil pipe is provided with a driving pulley. On being 
revolved, the catalyzing element moves the oil and gas outwardly along the lines of the spirally 
wound wire. A temperature in 160° is employed. The hydrogen and oil may be introduced 

1 U. S. Pats. 1,113,151, Oct. 6, 1914; 1,114,963, Oct. 27, 1914* 1914, 1062, 1168; 

Chem. Abst ., 1914, 3828; 1915, 110. 
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under pressure. The lard-like fat resulting from the treatment of cottonseed oil in this manner 
is collected in the lower part of the casing. 

3607. The apparatus and method described by Walter 4 and covered by 
German patent to him, 257,825 of July 27, 1911, though of little or no impor- 
tance in the oil-hardening industry, are of potential interest in other hydrogena- 
tions as they are specially intended to effect catalytic hydrogenation in the pres- 
ence of ultra-violet radiation. Figure 
76 shows one form of Walter's ap- 
paratus. 

3608. A is a closed vessel in which 
is placed a belt or web-carrying cata- 
lyst. The belt may be made of 
asbestos or cotton cloth impregnated 
with platinum, iridium, nickel or other 
catalytic material. The belt is carried 
on rollers E , one of which dips into 
the oil. Catalyzer also may be carried 
in the container C attached to the 
belt B. D is a steam- or water- 
bath. II is an inlet and F an outlet 
for hydrogen. 0 is an inlet for oil. 
Two other types of apparatus are 
described: one consists of an upright 
stationary cylinder jacketed for about 
one-half the distance. The interior 
has a shaft with 4 arms upon which 
the catalyzer is carried and revolved 
through the liquid and gas. A bucket 
arrangement is also attached to the 
shaft to throw liquid upon the cata- 
lyzer. Another type consists of a jacketed horizontal cylinder with a rotating 
shaft supporting arms for carrying the catalyzer. (Figs. 77 and 78). 

3609. The operation may be carried out with the aid of chemically active 
light for which purpose a lamp-lighting system of actinic character is shown at 
L positioned in the receptacle A . Walter lays great stress on the rapid absorp- 
tion of hydrogen by oil or other material exposed in this manner in thin films. 
He states that although the film of oil on the belt covers the catalyzer, and in 
consequence one would expect the reaction to be hindered by the sealing effect 
of such a film, yet the liquid and gas react very quickly with one another. The 
solubility of the gas in the liquid, as well as the physical properties of the latter, 
he states, do not appear to play any essential part, for the sparingly soluble hydro- 
gen exerts its reducing action appararently just as quickly in a thinly fluid alco- 
holic quinine solution as it does in a viscous fish oil. 

3610. Walter recommends passing the oil through a series of receptacles con- 
taining catalyzer attached to a belt as described or to an agitator arm. the 

4 Sri/en. Zlg. t 1913. 442. 
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arrangement being such that the oil first enters the receptacle which contains 
the weakest or more nearly spent catalyzer and after short treatment passes to 
the next container and so on until finaHy it reaches the last receptacle where 
the most active catalyzer is employed. 

3611 . Page 1 maintains the catalyst continuously in a state of high activity 
by inducing in it electric currents of high amperage and low voltage. To effect 
this he makes his reaction chamber of dielectric material: around this he places a 
helix connected with a source of high-frequency, high-voltage electric current. 
The high-frequency oscillating electromagnetic field so produced induces the 
revivifying currents in the catalyst. The process may be either batch or con- 
tinuous. 



Fio. 77. Fio. 78. 


3612 . The Badische Brit. Pat. 249,309, March 9, 1925, describes a method of 
refining fat (also mineral and raw oils) by distillation with non-superheated steam 
in presence of an alkali or alkaline earth hydroxide. Hydrogenation of the prod- 
uct is a further step in refining. 

References 

8613 . Commercial stearic acid prepared by hydrogenation of distilled esters. U. S. Pat. 
1,659,790, Feb. 21, 1928, to Starrels. 

3614 . Noll. Ger. Pat. 271,641, May 9, 1913; J.S.C.I . , 1914, 469. A method of auto- 
matic regulation of the supply of liquid to, and discharge of liquid and gas from, pressure 
vessels in processes involving the mixture of liquid with gas. 

3616 . Nikaido and Suzki, Japan. Pat. 35,053, Oct. 4, 1919; Chem. Abat. t 1920, 2561. An 
apparatus for hydrogenating oils. Oil and catalyst are mixed with small bubbles of hydro- 
gen, in a state of emulsion. 

3616 . Ellis 6 discloses an apparatus in which the oil-carrying catalyst (e.g., colloidal nickel) 
is converted to a fine mist by action of water-Qas . 

3617 . An apparatus designed by Winship 7 for heating oils with the aid of tubular elec- 
trical resistance elements is illustrated in 78a (page 410). These tubular elements are open- 

1 U. S. Pat. 1,472,281, Oct. 30. 1923. 

• U. S. Pat. 1.390.687. Sept. 13. 1912. 

7 U.S. Pat. 1,712,372, May 7, 1929. 
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ended and are set vertically in a tank in which the oil is to be heated. The elements are 
electrically connected in series and may be operated on three-phase, single-phase or direct 
current. It is shown connected for three-phase current. Porcelain and mica are used as 
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insulation. The effect of the circulation of the oil through the tubes, coupled with the 
generation of heat over a large area of heating surface, has resulted in the production of oils 
of an unusually light color. See para. 3516, page 377. 


CHAPTER XXXVII 


HYDROGENATION OF FATTY OILS 

Industrial Practice 

3700 . Whether the plant is to treat animal or vegetable oils, or fish oil, the 
following general procedure may be laid down for guidance in the equipment 
and operation of a hydrogenating works. 

3701 . The starting-point is, perhaps, the preparation of catalyzer. Of course 
the procedure employed for its preparation depends on the type of catalyzer 
selected. Suppose nickel be chosen as the active material, to be used on a suit- 
able carrier or supporting base. To this end a solution of a nickel salt, such as 
the nitrate or sulphate, is mixed in vats with the support, in the presence of a 
precipitant, or the latter is subsequently added, and the material is well agitated. 
Soluble salts should then be removed by washing and the material dried. These 
operations may take place in a filter preas supplied with air under pressure. The 
caked product should be ground in a ball or pebble mill until resolved into a fine 
powder. 

3702 . The catalyzer is now ready for reduction, which should be performed 
with extreme care as the entire oil-hardening process depends on the efficiency 
of the catalyzer. A simple and efficient type of catalyzer-reducing device is repre- 
sented by Fig. 79. A is a brick structure which contains the reducing drum B. 
The latter is rotated by means of the sprocket C. E l E* are stuffing boxes which 
admit of rotating the drum without disturbing the gas inlet and outlet. The cata- 
lyzer is admitted and withdrawn through the gate G. The drum is filled about 
two-fifths full of the catalyzer and hydrogen passed in. When tests for oxygen 
show that all the air has been expelled the drum is heated to a temperature not 
exceeding 360° C. During reduction the hydrogen is passed through at a con- 
siderable rate in order to remove the steam formed, thus reducing the partial 
pressure of the latter and facilitating the reduction of the nickel oxide or hydrate. 
The gases issuing from the exit side of the drum may pass through a water seal 
and after purification may be returned to the gas holders to be used again. 
When the issuing gases are found to contain no steam the reduction is complete, 
the heating is discontinued and the catalyzer allowed to cool in a current of 
hydrogen. 

3703 . After cooling the catalyzer, the hopper shown in Fig. 79 is coupled to 
the flange of the gate G. The bottom of the hopper dips below the surface of oil 
contained in a receptacle beneath. Hydrogen is passed in at the valve J and the 
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air is thereby expelled from the hopper. The valve of the reducing drum is now 
opened and the catalyzer allowed to fall into the oil, with which it should be thor- 
oughly mixed. Thus the catalyzer is effectively sealed from the air. 

3704. This method of abstracting catalyzer from the reducing drum prevents 
oxidation of the nickel which occurs to a greater or less extent when the catalyzer 
is withdrawn in contact with the air. 

3706. The catalyzer in oil may then be transferred to a large agitating tank 
in which oil is added in sufficient quantity to make the mixture contain the cor- 
rect percentage of catalyzer. The contents are thoroughly agitated and trans- 
ferred to the hydrogenator where the actual hydrogenation takes place. 



Fig. 79. 


3706. Tall iron tanks may be used for this purpose, one type of which is 
shown in Fig. 80. The air in the hydrogenator is displaced by means of hydrogen 
and the mixture of catalyzer and oil pumped from the agitator A into the hydro- 
genator C. The contents of the hydrogenator are heated to a temperature of 
175° to 190° C. by means of superheated steam or hot oil coils, the latter being 
preferable owing to the danger of leakages of steam into the chamber. The tem- 
perature of the contents of the hydrogenator should be registered by means of a 
reliable thermometer, preferably a recording pyrometer. 

3707. The oil and catalyzer in the hydrogenator are circulated by means of 
the rotary pump E, which takes the liquid from the bottom of the hydrogenator 
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and pumps it through the inductor I where hydrogen drawn from the gas space 
at the top of the hydrogenator is mixed with the oil. C K is a check valve to pre- 
vent oil from entering the tank through the suction tube in the event of the induc- 
tor suction nozzle becoming flooded. The mixture of oil, catalyzer and hydrogen 
is ejected through the distributor D at the bottom of the hydrogenator. The 
hydrogen inlet is provided with a safety device M and a pressure gauge P,. 

3708. The pressure maintained in the hydrogenator is variable according to 
the oil under treatment and may range from atmospheric or less up to about 25 
lb. 1 The difference in the readings of the pressure gauges P\P\ registers the suc- 
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tion of hydrogen at the suction nozzle of the inductor. Samples of oil may be 
withdrawn from time to time from the outlet Q. When the sample indicates that 
the oil has the required hardness the hydrogenator is emptied through the outlet 
V and the contents are run into large tanks which are heated by means of steam 
coils. From these tanks the mixture of oil and catalyzer is pumped into filter 
presses where the catalyzer is removed. The oil is finally run into cooling tanks 

1 One of the difficulties met with in the handling of hydrogen has been the loss by leakage 
of the gas. Under pressure and at a temperature of 150° or 200° C. t hydrogen is surprisingly 
penetrating. Autoclaves with welded seams are desirable for high-pressure and high-tem- 
perature work. Moving parts should be avoided as far as possible. A vast improvement 
has been made during the past ten years in high-pressure hydrogenators. 
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where it solidifies to a hard fat ready to be made into lard compound, soap or 
other product. 

3709. Of course, the method given above is capable of many modifications, 
as oils of different character require different treatment and in consequence often- 
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times call for equipment which varies consider- 
ably from that given by way of illustration. 
Catalyzers vary a good deal in their properties, 
and conditions which are suitable for nickel in 
some of its forms will not answer for palladium. 
A much lower temperature usually suffices when 
using the latter metal as a catalytic substance.* 

3710. A simple type of converter now exten- 
sively used is shown in Fig. 81. It consists of a 
closed tank equipped with a steam coil and 
stirrer. The vessel is charged with oil and 
catalyzer and the charge is heated to the requisite 
temperature when hydrogen is introduced by the 
small pipes in the bottom of the apparatus. The 
oil is stirred vigorously during the operation. 
Heat is developed in hydrogenating fatty oils 
and when a considerable quantity of oil is being 
hardened, the heat of reaction may be not only 
sufficient to maintain the batch at the reacting 
temperature but may even cause the tempera- 
ture to rise too high, so that cooling is needed. 
This is especially noticeable with freshly prepared 
catalyzer. Sometimes preliminary heating by 
steam to 100° to 120° C. suffices to start the 
reaction and the temperature rises rapidly. At 
170° to 180° C. water may be passed through 
the coil to prevent overheating.* 

3711. The filtration of oil to remove finely 
divided nickel, especially when in a colloidal or 
partially colloidal condition, is aided by the 
addition of fuller's earth, silex or some similar 
bulking material. 4 

3712. Turning now to actual practice, we shall 
describe three typical plants . The first type uses 
no mechanical agitation, depending on the current 


* Reference is made to the chapters on Catalysts which gives much detailed information 
3n the subject. Attention is, however, called to the existence of several patents covering 
certain forms of catalytic preparations. 

1 In some localities the present tendency of converter design is towards diminishing the 
diameter and increasing the height. C/., Brit. Pat. 309,258, Feb. 12, 1928, to Synthetic 
Ammonia A Nitrates, Ltd. and Rule. This tall converter is for work under high pressures 
(Brit. Chem. Ab*t.. 1929 , 457B). 

4 U. S. Pat. to Ellis, 1,158,664, Nov. 2, 1915. 
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of hydrogen to maintain an effective mixture of catalyst and oil: the second plant 
also uses no moving agitator, but secures the intimate contact of catalyst, 
oil and gas by means of stationary baffles: in the third plant there is no 
agitation at all. In one case the catalyst is in powder form and is reduced 
44 dry,” and then added to the oil: in another the powder catalyst is reduced in 
the oil: in the third case the catalyst is stationary and is composed of the 
surface of nickel turnings first oxidized at the anode of an electrolytic cell, then 
reduced 14 dry ” in hydrogen. 

3713. Method of Preparation of Catalyst A nickel catalyst with copper as 
co-catalyst or promoter is prepared as follows: The raw material for making the 
catalyst is nickel sulphate and copper sulphate, both in crystals. Five parts of 
nickel sulphate are used to one part of copper sulphate The crystals are dissolved 
in hot water and dry soda ash is added to alkaline reaction. After boiling for 
thirty minutes the precipitate is washed, either by decantation several times, 
or in a filter press. The precipitate or press cake is dried and ground or is put 
in a heated ball mill containing steel balls where drying and grinding progress 
simultaneously. 

3714. Alternative Method of Preparing Catalyst The sulphates of nickel 
and of copper are dissolved in hot water in a tank fitted with agitators. The 
tank should not be more than half-filled. To the hot solution are added, first a 
carrier such as kieselguhr or fuller's earth, then soda ash. The mixture is boiled 
gently with steam for a brief period. The tank is then filled with cold water and 
its contents sent to a washing filter press. From this point the method is the 
same as in paragraph 3713. 

3715. The mixture of nickel and copper carbonates (with or without carrier) 
is placed in a catalyst mixing tank equipped with an agitator. Here it is mixed 
with oil, and, if necessary with kieselguhr or other filtration aid. The charge of 
oil is 1 ton. 

3716. To a batch of mixed carbonates (prepared by the first method) of 150 
lb., 175 to 225 lb. of kieselguhr, fuller's earth or other filtration aid is added. If 
the carbonate mixture has been made by the second method, it already contains 
the filtering agent and the weight should be between 300 and 400 lb. The oil and 
catalyst are agitated in the cold until thoroughly mixed and then a portion is run 
to a measuring drum. 

3717. From the measuring drum 200 lb. of the mixture are blown by hydro- 
gen gas into the hydrogenator. The hydrogenator is already charged with 6500 
lb. of oil. High-pressure steam is turned into the steam coils of the convertor to 
raise the temperature to 180°-190° C. which temperature is necessary for reduc- 
tion of the nickel and copper carbonates in the oil. Hydrogen is blown through 
the oil as soon as the carbonate mixture is added. This serves to remove resid- 
ual moisture therefrom. The hydrogen can be introduced by means of a rotary 
gas compressor. 

3718. Enough catalyst is used to have approximately one-tenth to two-tenths 
of 1 per cent of nickel in the oil during hydrogenation. Assuming that 5 per 
cent of the catalyst concentrate blown from the measuring drum into the con- 



416 


HYDROGENATION 


vertor is nickel, a charge of 200 lb. of this concentrate would give 10 lb. of nickel 
to the 6500-lb. batch of oil. 

3719. The hydrogen leaving the convertor is carried to a scrubbing tower 
where it meets a spray of caustic soda solution circulated continuously by pump. 
The purified hydrogen gas does not need drying, the moist gas being satisfac- 
tory. A supply of fresh hydrogen from a gas holder insures a constant supply of 
fresh gas and the gas in circulation is blown off whenever the action gets slug- 
gish. The pressure of the hydrogen in the circulating system is only 3 to 6 in. 
water-gauge pressure although the pressure employed to blow the hydrogen into 
the convertor is, of course, higher, dependent on the height of the column of oil. 
A pressure of 10 to 25 lb. usually is sufficient. 

3720. To harden cottonseed oil to the consistency of a lard substitute requires 
treatment with hydrogen on an average of one and one-half to two hours from 
the time the temperature reaches 180°-190° C. When hardened to a congealing 
point of, say, 26°-29° C., depending on the season, the oil is pumped to filter 
presses where the catalyst is removed. The filtered oil goes to the hardened-oil 
storage tanks. The catalyst is used repeatedly and, when its action becomes slug- 
gish, the amount is increased until the batch is no longer sufficiently active. The 
catalyst can be used about a dozen times on a well-refined cottonseed oil. 

3721. The oil lightens in color somewhat during hydrogenation, afterwards 
becoming darkened slightly during deodorizing. 

3722. Dry (Roasting) Reduction of Catalyst This method can be readily 
used with nickel catalyst, without copper. The nickel carbonate on a carrier 
(prepared by the second method, para. 3714) from the filter press is run through 
hoppers into a heated ball mill. 

3723. The dried powder is fed from this mill into a horizontal reducing cylin- 
der equipped with a conveying agitator which propels the mass slowly there- 
through where it is met by a counter-current of hydrogen gas. The cylinder is 
kept at about 500°-600° C. The temperature is controlled by an electric 
pyrometer. 

3724. The reduced material discharges into oil in a mixing tank. The oil in 
the mixer is of the same grade as that to be hardened, except when a very poor 
grade of oil is to be hydrogenated, in which case it is considered advisable to use 
a better grade of oil for catalyst mixing so as not to poison the latter before it 
reaches the hydrogenator. 

3726. The mixture of catalyst and oil is pumped to a storage receptacle where 
it is kept agitated. It is run as required into measuring tanks and, when the 
required quantity of catalyst mixture has entered, the tank is closed and bottom 
valve opened. Gas pressure is applied which blows the catalyst mixture into the 
hydrogenator which is being charged. 

3726. The catalyst is not added until the main charge of oil in the hydrogena- 
tor is heated well above the boiling-point of water. When the temperature 
reaches 140°-150° C. hydrogen is turned on. Steam is kept on until the tem- 
perature is about 180°-190° C. The steam is then shut off and as hydrogenation 
takes place the temperature rises to 200° C. or higher. At 200° C. for edible oil, 
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and somewhat higher for soap oil, water is run through the coils to keep the tem- 
perature from rising further, otherwise the stock may be discolored. When the 
oil has reached the proper point of saturation, which can be determined either by 
index of refraction or by the melting-point, hydrogen is shut off and the oil is 
passed through cooling coils to the filter presses. As an alternative the oil may be 
run to a blow tank from which it is pumped to the filter presses. When the press 
is full it is blown with steam to drive out all the oil possible and it is then cleaned. 

3727. Regeneration of Spent Catalyst. Part of the spent catalyst is some- 
times used for preliminary treatment of raw oils, especially such oils as contain 
large quantities of catalyst poisons. The remainder is taken to a tank where it 
is boiled with an aqueous solution of soda ash and salt, until the oil separates. 
Steam is then shut off and hot water is pumped into the bottom of the tank to 
raise the volume to within a foot or two of top of tank. This is then allowed to 
settle, a clear layer of oil floats on top and the extracted catalyst settles to the 
bottom. The oil is pumped off and the catalyst and water are pumped through 
filter presses and roughly washed to remove most of the soap, soda ash and salt. 
The presses are blown with steam to dry, are cleaned and the press cake removed. 

3728. The press cake is next put into wooden tubs with wooden bladed agi- 
tators and boiled with an excess of sulphuric acid. The excess acid is essential 
to secure solution of the nickel from the pores of the kieselguhr. This excess is 
largely neutralized with soda ash, bichromate of soda is added to oxidize any 
ferrous iron present to the ferric condition, and then sufficient soda ash is added 
to precipitate practically all the ferric iron and alumina, but none of the nickel. 
A test for ferrous iron is made by the ferricyanide method, and for iron and 
alumina by taking a portion of the green liquor and adding excess of ammonia 
containing ammonia salts. This should show almost no precipitate. 

3729. When the right point is reached the tub is filled with w’ater and the 
batch filtered. This green liquor, nickel sulphate in solution, is analyzed for its 
nickel content and then pumped to the original precipitation tubs in proper pro- 
portion to replace nickel sulphate crystals. 

3730. It is not worth while to recover the nickel still present in the extracted 
kieselguhr, which is thrown away. 

3731. Fat from Used Catalyst. Stiepel 1 extracted the fat adherent to a spent nickel 
catalyst which had been used in oil hardening. He found 1.7 per cent gasoline-soluble and 
1.5 per cent gasoline-insoluble hydroxy acids. The presence of such a quantity of hydroxy 
acids Stiepel explains as due to their formation by action of oxygen or water during hydro- 
genation or, possibly, during steaming out of the press cake. They may act as catalyst 
poisons. 

3732. Butkovski 6 effects an economy by recovering fat adherent to the spent contact 
mass. After removal of the nickel from the deposit of catalyst and adhering fat obtained in 
fat-hardening, the hitherto wasted residue, which amounts to 4 per cent by weight of the 
hardened fat and contains considerable amounts of kieselguhr from which the fat cannot 
be recovered by melting, is treated with hot lye (sp. gr. 1.05), 70 per cent of the fat being 
recovered as soap. 

3733. Hydrogenator. A hydrogenator is shown diagrammatically in Fig. 
82. It consists of a steel tank supported on four lugs and provided with man- 

*Sei/en. Ztg., 1925, 52, 967; Chem. Abet., 1926, 20, 2758. 

*J. Oil and Fat Ind., Moscow, 1926, 11; Brit. Chem. Abet., 1927, 530B. 
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hole, gas vent, oil fill and drain, coil for heating and cooling and a hydrogen dis- 
tributor. The hydrogen distributor has four arms and is so constructed that no 
hardened oil can remain to clog it if the tank is drained and cooled. No agitator 

Riveted 



is used, and therefore there are no stuffing boxes through which hot hydrogen can 
escape. 

3734. Lay-out Figure 83 is a flowsheet of this kind of plant. 

3736. The Maxted-Thompson Hydrogenation Plant This type of plant is 
characterized by a tower, with special baffles, in which the oil and catalyst mix- 
ture is vigorously agitated with hydrogen, under a pressure of 4 atmospheres. 
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3736. The following account is taken from articles by Maxted 1 and from 
material furnished by John Thompson (Gas Developments) Ltd., the makers of 
the plant. The method of and apparatus for preparation of catalyst have been 
described in paras. 1115 to 1121, pages 131-132. 

3737. Preheating the Oil. The Maxted-Thompson plant works at 100°- 
150° C. according to the nature of the oil under treatment. This low tempera- 
ture, contrasting with that of 180°-250° C. commonly used, is held to favor the 
production of a palatable oil. The oil is preheated to this temperature in a ves- 
sel Bhown diagrammatically in Fig. 84. It consists of a cylindrical tank with a 
conical bottom. B is a coil in which high-pressure steam condenses, the latent 
heat of condensation heating the charge of oil. Uniformity and rapidity of heat- 
ing are secured by agitation of the oil, either by the small circulating pump C or 
by other means. 



3738. The Hardening Operation. The oil is pumped from the preheater to 
the hardening vessel where it is mixed with nickel catalyst and treated with hydro- 
gen under slight pressure. 

3739. The nature of the hydrogenation vessel will be seen from the photo- 
graph reproduced in Fig. 85, and from the diagrammatic sketch shown in Fig. 86. 
The vessels, which are made in four standard sizes, holding respectively } ton, 
1 ton, 2 tons and 5 tons per charge, are constructed of welded mild steel. They 
consist of a central cylindrical portion A (Fig. 86) with enlarged ends B and C. 

3740. During the hardening operation, the charge of oil, which in its station- 
ary condition is sufficient to fill the vessel to the oil level shown, is circulated 
by means of the pump D in the direction indicated by the arrow, namely down- 
wards through the vessel and upwards through the external oil circuit. Simul- 
taneously, hydrogen at 40-80 lb. pressure, is circulated in the reverse direction 
by means of the pump E, through the gas circuit shown, namely upwards through 
the vessel and downwards through the external gas circuit. Hydrogen and oil 
are thus continuously forced at a high velocity in counter-current to one another 
through the vessel. The central portion A contains a series of specially con- 

'J.S.C . /., 1921, 40, 109T. 
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structed baffles. Each of these consists of a series of radial blades, forming 
together the propeller-like structure shown in the diagram. The blades in ques- 
tion are curved in such a manner that a substance projected through the column 
is rotated alternately clockwise and anti-clockwise by successive baffles ; in other 
words, the curve of the series of blades on alternate baffles is right-handed and 
left-handed respectively. At the same time the form of the baffle is such that a 
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substance on being projected through the column is, in addition to the rotation 
described above, forced alternately towards the center of the column and towards 
its periphery by successive baffles. 

3741. Owing to the high velocity at which circulation is carried out, the speed 
of the alternate rotations is exceedingly rapid, and a sufficient degree of agita- 
tion is obtained for the entire apparatus to be filled with an intimate emulsion 
of oil and hydrogen. It must be clearly understood that the baffles in question 
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are fixed, the mixing being obtained by the motion of the oil and of the hydrogen 
respectively. There are thus no moving agitators, and consequently no stuffing 
boxes to cause trouble through leakage. The high degree of mixing obtained 
renders it possible to hydrogenate a charge, for instance of peanut or cottonseed 
oil, in from fifteen to twenty-five minutes, with an initial temperature of 130° C. 

3742. This extremely high velocity and low temperature render the system 
particularly applicable for the hardening of oils for edible purposes, for which a 
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product of good flavor is required. The normal pressure of hydrogen is about 
4 atmospheres, and fresh hydrogen is supplied continuously to the system during 
the hardening operation to compensate for that absorbed by the oil. 

3743. For controlling the course of hardening, the volume of hydrogen passed 
into the vessel may be read off from a meter provided for that purpose, and sam- 
ples are usually taken out from time to time from a small cock. These samples 
may be filtered quickly through a small filter paper, a 6mall quantity of the fil- 
trate being utilized for determining the change in the refractive index, a prop- 
erty which changes regularly with increasing saturation of the oil: or, more 
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roughly, a drop from the sample taken is allowed to solidify, the hardness of the 
resulting fat being estimated by touch. The determination of the iodine value 
is, of course, in view of the time involved, only of use subsequently. 

3744. Subsequent Treatment of the Oil. As soon as the required degree of 
hardening has been obtained, the charge is pumped into a filtering tank and fil- 
tered at a temperature as near to its melting-point as is compatible with con- 



( By Courtesy of John Thompson [Gas Developments] Ltd.). 
Fxo. 87. 


venience in working. The hardened oil tank (see Fig. 87), consists of a cylin- 
drical receiver with a conical bottom. Arrangements are provided for the regu- 
lation of the temperature, and, where necessary, for the exclusion of air. The 
oil is, in this tank, maintained in a liquid condition at a suitable temperature 
above its melting-point, and the stirring gear shown is employed to prevent the 
separation of catalyst as a sludge upon the bottom of the tank. In the figure, the 
tank is shown at A. B is a heating or cooling jacket and C is the agitating gear. 

3745. From the tank in question, the suspension of catalyst in hardened oil 
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is passed by means of a filter pump, provided with an adjustable pressure return 
valve, through the oil filter press, by means of which the catalyst is removed. 

3746. The nickel catalyst, thus recovered, is utilized for a further charge of 
oil, the number of times that a charge of catalyst can be used depending on the 
nature of the oil and on the temperature to which it has been subjected both dur- 
ing the hardening operation and during filtration. The unnecessary exposure of 
mixtures of catalyst and oil to the air at high temperatures, in addition to exert- 
ing an inhibitive effect on the activity, results in the formation of nickel soap, 
which renders the filtering of the charge containing it slow and difficult. Under 
normal conditions, however, the oil runs quite freely through the filter cloth, and 
no difficulty is encountered in separating the hardened oil, as far as ordinary 
tests are concerned, in a completely nickel-free condition. 

3747. A Continuous Process of Oil Hydrogenation. A process which has 
attracted considerable attention is one exploited by The Technical Research 
Works, Ltd., and associated with the names of Bolton and Lush. This is a 
continuous process. The nickel catalyst is in massive form, consisting of nickel 
turnings, activated on the surface and enclosed in removable cages. Activation 
of the nickel is effected by anodic oxidation, followed by reduction in hydrogen. 
The catalyst is regenerated by removal of the adherent fat with a solvent, fol- 
lowed by anodic oxidation and reduction in hydrogen. A plus pressure of hydro- 
gen is maintained, e.g., 60 lb. The description here given is taken, by permission, 
from an article by Lush. 8 

3748. The ideal process of hydrogenation would be continuous, would avoid 
the use of inert supports, and yet use a rigid catalyst, which would remain in the 
hydrogenation vessel, and would obviate filtration. A rigid catalyst involves the 
necessity of opening up the plant for its removal, and if this disadvantage is to be 
minimized, the catalyst must have very high activity to ensure a long life, and its 
removal from and return to the hydrogenation vessel must be made quick and 
easy. Moreover, the reactivation of spent catalyst must be cheap and simple, 
and the method used must lead to complete recovery of activity whatever the 
nature of the poison including accidental poisons not common to the process. 
The process of the Technical Research Works, Limited, 9 lays claim to have 
approached this ideal. To avoid the use of inert supports, efforts were concen- 
trated on making nickel its own support by the use of a compact form of nickel. 
A description of the early work in this direction has been published by Bolton 10 
and Lush. 11 A more recent account of large-scale developments has been given 
by Bellwood. 12 

3749. The Catalyst. The catalyst consists of pure nickel in the form of turn- 
ings or wire, the surface of which is first oxidized and then reduced back to nickel 

8 The Industrial Chemist , June, 1927. In the United States the Bolton and Lush processes 
are represented by Robinson, Butler, Hemingway & Co. f Inc., of New York, who have an 
experimental plant, capable of hydrogenating 5 tons a week, at Bound Brook, N. J. 

• Brit. Pat. 203,218, 1922. 

10 J.S.C.I. , 1922, 41 , 3S4R. See also Bolton, J.S.C.I. , 1927, 444T. 

11 J.S.C.I. , 1923, 42 , 219T. 

18 Chem. Trade Jour. t Mar. 0, 1925. 
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by hydrogen. This form of catalyst avoids the use of an inert support. Further, 
the catalyst is spread over nickel, and not over an inner core of unreduced oxide, 
such as may be formed by the reduction of nickel oxide in powder form. Under 
these conditions, reduction is thorough, and can be carried out at low tempera- 
tures. Palmer 11 has shown, in a study of the reduction of copper oxide by hydro- 
gen at low temperatures, that reduction takes place at the interface between 
copper oxide and copper. It is probably for this reason that the surface film of 
nickel oxide is reduced to nickel by hydrogen at 180° C., or even lower. As 
Sabatier 14 has pointed out, the surface oxidation of a catalyst is readily removed 
by hydrogen at 180° C. Probably the reduction at the interface between metal 
and oxide is brought about by the nascent or atomic hydrogen formed on the 
surface of the metal from molecular hydrogen. 

3760. Method of Oxidizing the Catalyst Air oxidation, which requires high 
temperatures, does not lead to the production of an active catalyst. The method 
used by Technical Research Works, Limited, is that of anodic oxidation. 1 * If a 
nickel surface is made the anode in an electrolytic bath, using as electrolyte a 
solution of a salt such as sodium carbonate, which will not allow nickel to pass 
into solution, a film of nickel peroxide is formed over the surface. Such a thin 
film is easily reduced, and the resulting catalyst is extraordinarily active. The 
method has the merits of simplicity and cheapness without sacrificing the impor- 
tant factor of control, since by means of an ammeter and a voltmeter, the condi- 
tions of oxidation can be readily standardized, and the production of a catalyst 
of uniform activity can be depended upon. 

3761. Method of Recovering Spent Catalyst While anodic oxidation is the 
method employed to oxidize the nickel turnings to produce a catalyst in the first 
instance, it also serves another and equally important purpose. When the cata- 
lyst has been poisoned it is only necessary to extract the oil, and anodic oxidation 
will remove the poisons so that on reduction a catalyst is formed having its 
original activity fully restored. Figure 88 shows graphically (Curve I) the fall in 
activity of a catalyst used in the hydrogenation of whale oil, and the same cata- 
lyst restored (Curves II and III) to its original activity by anodic oxidation. In 
one factory, the same catalyst has been in constant use for four years without 
loss in either weight or activity, involving nearly a hundred reactivations by ano- 
dic oxidation. 

3762. Method of Using the Catalyst Cages. Anodic oxidation being the 
method employed for activating nickel and reactivating spent catalyst, the turn- 
ings or wire must be used in a form suitable for treatment in an electrolytic 
bath. The turnings are therefore packed into cylinders of metal gauze with a 
center rod of nickel which supports two circular flanges at its extremities. The 
metal gauze is fastened to the top and bottom flanges. Such a cylinder is called 
a cage. The cages are slipped into asbestos covers, and stood centrally in nickel 
or nickel-plated vessels giving a 2-in. clearance between the cage and nickel ves- 

11 Proc. Roy. Soc. % 1923A, 103. 

14 J. Ind. Eny. Chrm., Oct., 1926. 

14 Brit. Pat. 203,218, 1922. 
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sel. The vessel is filled with a solution of sodium carbonate and a current passed 
through the electrolytic cell, the cage being made the anode and the vessel the 
cathode. Earthenware pots may be used with nickel sheet cathodes fitted inside. 
The strength of the current will vary with the size of the cage. For example, a 
cage 12 in. diameter and 3 ft. long, holding 100 lb. of nickel turnings, will require 
a current of 180 amperes and 7 volts for eight hours in an electrolyte consisting 
of a 5 per cent solution of sodium carbonate. After anodic oxidation, the cages 
are washed in water, which is frequently changed. The water may be changed 
automatically by syphon action. In this process, as in the powder process, the 
importance of washing thoroughly cannot be exaggerated. 

3753. A cage construction for holding a catalyst of the nickel anodic oxidation type is also 
described by Schueler. The nickel turnings are packed around a pipe perforated for the 
admission of hydrogen. To this pipo are welded spirals of nickel wire which are imbedded in 
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the catalyst: these are to ensure adequate contact during the anodic oxidation. The cages 
are constructed so as to fit together in vertical sets of three, the lowest being adapted to fit 
on the hydrogen supply casing. The cages are placed in a vertical jacketed cylinder. The 
oil or other liquid to be hydrogenated is admitted at the top and trickles through the catalyst 
and meets the up-coming hydrogen. 14 

3754. Schueler claims that nickel catalysts made by his process are superior in uniformity 
to those made by electrolytic treatment of nickel turnings. He uses gauze, rods, strips and 
other shapes; these are mounted around a vertical pipe which is perforated for hydrogen. 
The oxidation is effected by hanging the units between cathodes of an electrolytic bath. 17 

3755. Lush finds that above a certain minimum rate of flow of oil the hydro- 
gen absorbed per hour is independent of the flow of the oil, or in other words the 
degree of hydrogenation of the oil as measured by the drop in iodine value is 
proportional to the speed of the oil passing through the plant. 

3766. As cocoanut oil can be hydrogenated to an iodine value of 0.1 per cent 

14 Brit. Pat. 273.045. Apr. 16. 1926; Chem. Age (London), 1927. 17, 133; Svizuin uses 
spirals of iron wire coated electrolytically with nickel. The nickel is oxidized in a caustic 
bath ( Maeloboino-Zhir . Delo, 19*8, No. 3, 25; Brit. Chem. Abet., 19*8, 1196A). 

17 Brit. Pat. 274,952, Apr. 28. 1926. Chem. Age (London), 1927, 17, 220. 
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by a single passage through the plant, it has been calculated that all the oil 
comes into molecular contact with the catalyst. 

3767 . It is interesting in this connection to note that the hydrogen absorp- 
tion per hour remains the same whether the final iodine value of cottonseed oil 
is 70, in which case mostly linolic acid has been hydrogenated, or whether the 
iodine value is 40, when an equal proportion of linolic and oleic acid has been 
hydrogenated. This is taken as evidence that the limiting factor in the rate of 
hydrogenation is the activation of the hydrogen by the nickel. 

3768 . The effect of the pressure of the hydrogen on the rate of hydrogenation 
is also interesting. It has been found that the hydrogen absorption is propor- 
tional to the square root of the pressue. From this Lush concludes that the nickel 
atomizes the hydrogen which is then added as such directly to the double bond 
of the unsaturated oil. 

3769 . The following table confirms the results previously published, but with 
a pressure variation of 100 lb. instead of 10 lb. These results are useful in adjust- 
ing the working conditions of a large plant. If the flow of oil is too slow the cata- 
lyst is not all covered, and the hydrogen absorbed per hour will increase with 
increased flow of the oil. If, on the other hand, the flow of oil is too fast, in order 
to reach the nickel the hydrogen must pass through a thick film of oil, and this 
will determine the amount reaching the catalyst in a given time. Since the solu- 
bility of hydrogen in oil is proportional to the pressure, when the flow of oil is 
too fast, the rate of hydrogenation will be proportional to the hydrogen pressure 
and not its square root. 

Effect of Hydrogen Pressure on the Rate of Hydrogenation 


p. 

Hydrogen 
Pressure, 
Pounds per 
Square Inch 

Iodine 
Values of 
Final Prod- 
uct (original 

oil 106.2) 

Difference 

Time in 
Minutes 

Cubic 

Centimeters 
of Oil 

Hydrogen 

Absorbed, 

P. 

Hydrogen 

Absorbed. 

VP. 

0 

95.6 

10.6 

5 

200 

708 

272 

100 

66.2 

40.0 

5 

200 

347 

372 

200 

51.1 

55.1 

5 

200 

256 

377 

300 

40.8 

65.4 

5 

200 

207 

370 

200 

48.2 

58.0 

5 

200 

270 

396 

100 

60.3 

45.9 

5 

200 

398 

425 

0 

91.2 

15 0 

5 

200 

1000 

384 


3760 . These considerations enable a plant to be designed with the correct 
ratio of oil flow to hydrogen pressure. 

3761 . The Hydrogenation Plant. Figure 89 shows a 4-in. model of a Bol- 
ton and Lush plant. The cages are 4 in. in diameter and 2 ft. 6 in. long, and 
there are two cages per tube. This plant has a capacity of 5 tons per week of 
cottonseed oil, hydrogenated to an iodine value of 50. Each cage holds 12 lb. of 
nickel turnings, from which it can be calculated that the turnings occupy 10 per 
cent of the total space in the cage. 
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3762. As nickel is ten times heavier than oil, the weight of oil in pounds 
equivalent to the cubic capacity of the cage is equal to the weight of turnings 
used to fill it. For estimating the output from a plant of given size one can there- 
fore use the cubic capacity of the plant expressed in pounds of oil or the weight 
of turnings. Experience has shown that a plant will deliver cottonseed oil 
hydrogenated to an iodine value of 50 at an average hourly rate expressed in 
pounds per hour equal to its own cubic capacity or the weight of the catalyst 
contained in it. For example, the plant shown in Fig. 89 requires 100 lb. of oil 
to fill it; the weight of nickel turnings contained in the eight cages is also 100 lb., 
and it will deliver 100 lb. per hour of cottonseed oil (average iodine value of 50). 
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3763. Twelve-inch Factory Model. For the hydrogenation of oils in the fac- 
tory, standard cages each 12 in. diameter and 3 ft. long have been found most 
convenient. Each tube contains three cages. The first plant was erected in 
1922 at the works of Loders & Nucoline, Limited, Silvertown, London. 

3764. In this plant the oil is circulated in ■parallel through five tubes, while a 
sixth is being reactivated. By stopping a tube for reactivation every second day, 
a uniform output of hydrogenated oil can be maintained continuously with a 
variation in iodine value not exceeding 1 per cent. The oil from the five tubes 
flows by gravity down the catalyst in the cages, and collects in a receiver situated 
below the tubes. It is taken by an oil pump from the receiver and pumped into 
the tops of the tubes by a suitable manifold connection. The continuous flow of 
oil is maintained by adjusting an outlet valve from the receiver to deliver the 
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same volume of hydrogenated oil as is supplied to the manifold by a pump con- 
nected to the storage tanks of untreated oil. 

3765. Three parallel lagged pipes constitute the heat interchanger between 
the hydrogenated oil leaving the plant and the untreated oil entering it. This 
arrangement works satisfactorily for the hydrogenation of cocoanut and palm 
kernel oils where selective hydrogenation and iso-oleic acid formation do not 
have to be taken into account. 

3766. A strictly continuous process, such as is used in the 4-in. model plant, 
is preferable for the hydrogenation of cottonseed, soya bean, whale oil, and other 
oils having high iodine values. The oil is carried from the bottom of one tube 
to the top of the next by means of the hydrogen, which is circulated round the 
tubes. This procedure avoids the use of oil pumps between the vessels and, 
incidentally, by watching the pressure gauges on the tubes one can see at a glance 
whether there is a free passage throughout the system. The circulation of the 
hydrogen has the additional advantage that the hydrogen can be passed through 
coolers to remove water, so that vacuum-drying of the oil entering the plant is 
unnecessary. 

3767. The time taken from the moment the oil enters the preheater or heat 
interchanger until it reaches the hydrogenated oil receiver is about ten minutes. 
From here it is forced by the hydrogen pressure in the system — 60 lb. per sq. in. 
— through the heat interchanger to preheat the incoming oil. 

3768. In this plant oil is hydrogenated continuously for three weeks, and the 
plant is then shut down for two days for reactivation of catalyst. After cooling 
down, the cages are extracted in situ, the solvent removed, and the cages taken 
out and reactivated by anodic oxidation for eight hours in the electrolytic bath. 
They are then washed, returned to the plant and reduced in hydrogen at 180° C. 
and hydrogenation recommenced. 

3769. The length of time a set of cages will remain active depends upon the 
nature of the oil and the care taken in refining it, particularly in the removal of 
soap. In the laboratory common edible cottonseed oil can be hydrogenated con- 
tinuously for a month by the use of an electrically heated tube provided with a 
sufficiently large store tank placed above it for supplying the oil by gravity. 
The apparatus can be left unattended even over the week-ends. Care must be 
taken by electrically heating the hard oil receiver to prevent the formation of 
stalagmites of hydrogenated oil which will otherwise rise even over a foot in 
height and choke the tube. 

3770. It is interesting to note the capacity of the activating baths for supply- 
ing cages. A set of three earthenware vessels to take the three cages used in each 
tube will reactivate the cages in eight hours, and since the cages remain active 
in use from two hundred to four hundred hours, three vessels will supply cages 
for 25 to 50 tubes where their cages are reactivated in rotation. 

3771. The Product. The fact that the catalyst is free from unreduced nickel 
oxide or kieselguhr perhaps explains why the free fatty acids are not increased 
by this process. The average free fatty acids of cottonseed oil with an iodine 
value of 50-55 made in this plant is 0.08 per cent. In the powder process they 
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frequently rise to 0.5 per cent, or even 1 per cent, with inferior oils where fresh 
catalyst has to be added to complete hydrogenation. 

3772 . Lush has previously 18 drawn attention to the importance of encour- 
aging selective hydrogenation and repressing the formation of iso-oleic acid. 
He considers the effect of the hydrogen pressure on the rate of hydrogenation 
as evidence of the direct addition of single atoms of hydrogen to the double bond 
of the unsaturated oil. On this view iso-oleic acid is formed by the single atom 
being ejected before another atom arrives to stabilize the semi-saturated double 
bond. If this be so, then conditions which facilitate the arrival of more atoms 
should decrease iso-oleic acid formation. See Chap. XXXIII. 

3773 . Experimental evidence suggests that the continuous hydrogenation 
process described above keeps the catalyst working at its maximum efficiency in 
supplying atoms of hydrogen. Therefore this process should produce the mini- 
mum amount of isooleic acid at any given temperature. Figure 90 is reproduced 
as support to the theory and evidence of the importance of the process to the 
oil-hydrogenation industry. Hydrogenation by this continuous method may be 
conducted in two ways: (a) The tubes may be filled and the oil allowed to over- 
flow at a regular rate. This procedure Lush terms the “ overflow method.” (6) 
Allowing the oil to drip down the catalyst in an atmosphere of hydrogen so that 
the same amount of oil is collected in a given time as is yielded by the overflow 
method. ,f For the second procedure Lush has applied the term “drip method.” 
Lush observes that the complete covering of the catalyst according to the over- 
flow method should be expected to yield greater hydrogen absorption per unit 
time, but repeated tests made by him show that there was very little difference 
in the rate of absorption resulting by the two methods, as measured by the 
iodine values of the resulting oils. He did, however, notice that the overflow 
method gave oils with a higher melting-point. The difference in physical con- 
dition resulting from the differing methods of procedure was investigated 
and led to the interesting discovery that the course of hydrogenation was 
different in the two cases. Figure 90, page 437, shows the course of hydrogena- 
tion of cottonseed oil by the two methods. It will be noticed that the overflow 
method gives a conversion of linolic acid to iso-oleic and stearic acids as the main 
measured change. This manner of conversion Lush observes is normal for hydro- 
genation with powder catalysts and that very little departure occurs from this 
type of hydrogenation with variation in conditions of temperature, pressure and 
mechanical agitation. The graph on the right shows the course of hydrogenation 
by the overflow method at 180° C. without agitation or pressure. The points 
marked (X) show the analysis of a sample of cotton oil hardened at 130° C. at 
90-pound pressure with very violent mechanical agitation, using a highly active 
powder catalyst, and it can be seen that the results obtained by the two methods 
show only small variations in the composition of the mixed acids for such extreme 

18 J.8.C.I., 1923, 41 , 219T. Cf. para. 1052. 

11 In 1914, the Badiache Co. advocated the hydrogenation of linseed oil by allowing the oil, 
in the presence of hydrogen, to trickle over a nickel wire netting carrying a promoter of 
alumina. See example 4, para. 036, page 59, also para. 637. 
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changes of physical conditions. Lush notices that at the point where linolic acid 
disappears the ratio of oleic to iso-oleic acid by the overflow method is almost 
exactly that found by Moore (J.S.C./., 1919, 320T) for the ratio of oleic to iso- 
oleic acid in the hydrogenation of ethyl oleate. The drip method, on the other 
hand, shows as the main net change the conversion of linolic acid to stearic acid 
with only a small percentage of iso-oleic acid. This may be arrived at in one of 
two ways: (1) direct conversion of linolic acid to stearic acid; (2) the conver- 
sion of linolic to oleic acid and oleic acid to stearic acid. In view of the forma- 
tion of iso-oleic acid in the hydrogenation of ethyl oleate, as shown by Moore, 
and due, as he believes, to the dehydrogenation of the newly formed stearate, 
Lush thinks it is probable, from these results, that the linolic acid is hydrogen- 
ated directly to stearic acid and in the one case — the overflow method — there is 
momentary absence of hydrogen which has to reach the nickel by solution in 
the oil and diffusion with the oil for a comparatively long distance, whereby con- 
ditions favoring dehydrogenation exist and result in the formation of iso-oleic 
acid. 

3774. The representatives for the United States of the Bolton and Lush 
processes 10 state that the plant has been successfully used for many products other 
than oils, and even for hydrogenations in the vapor phase. They list the follow- 
ing tried applications: 

Tetrahydronaphthalene from Napthaleno, Decahydronaphthalene from Naphthalene. 
Isopropyl Alcohol from Acetone, Butyl Alcohol from Crotonaldehyde, Butyl Aldehyde from 
Butyl Alcohol, Thymol from Piperidine, Acetaldehyde from Ethyl Alcohol, Cyclohexanol 
from Phenol, Methyl Cyclohexanol from Cresol, Aniline from Nitrobenzene and Aniaidine 
from Nitroanisol. 


10 See para. 3747, footnote. 
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EDIBILITY OF HYDROGENATED GLYCERIDES 

3800. A considerable discussion took place in the early days of the oil-hard- 
ening industry as to the desirability as foods of hydrogenated fats, in general, 
and of certain kinds in particular. On the whole the question was resolved in a 
sense favorable to the new products. Nevertheless, as it is conceivable that the 
question may again be brought forward at the instance of some vested interest, 
we retain the record of the discussions to which it gave rise. For details of the 
controversy the reader is referred to the originals listed or to the abstracts given 
in the second edition of this book. 

3801. Much of the unfavorable criticism, indeed almost all of it, came from 
Germany. It was based on three objections: (1) The presence of nickel in hard- 
ened oils. (2) Doubts as to the inherent suitability of hardened fats for food. 
(3) Esthetic considerations based on the use as raw material of whale oil and 
other oils prepared in conditions of uncleanliness. 

3802. It is true that nickel, derived from the catalyst, can be detected in 
hardened fat, not always but sometimes, and more often and in larger quantity 
in fats not intended for consumption as food than in edible fats. With present- 
day methods the quantity present in the latter class of fats is infinitesimal and 
opinion is now all but unanimous that it is entirely harmless. When the exquisite 
delicacy of the dimethylglyoxime test for nickel is considered, the presence of a 
barely detectable trace will be recognized as devoid of importance. 

3803. Apart from carelessness the cause of the presence of nickel in the fin- 
ished fat seems to be the formation of nickel soaps from free fatty acids of the 
oil. 1 The difficulty of economically removing these soaps from edible fats is con- 
siderable. Their formation is therefore sometimes prevented. One method of 
doing this is by esterification of the free fatty acids. 2 In practice, however, 
alkali-refining is usually the method of choice. This is a routine process in 
refining edible oils and therefore need not be detailed. It consists in heating and 
agitating the raw oil with the calculated quantity of alkali, separating and wash- 
ing the oil. The extracted free acid (as sodium salt) with the intermixed oil, 
etc., is used as soap stock. 

3804. The occurrence of nickel in food is widespread and is due, not only to 
the use of hydrogenated fats, and to the natural occurrence of the metal,* but 

1 B6mer, Zeit. Nahr-Genu*sm., 1912 , 104, and Chem. Rev. Felt. u. Harz Ind., 1912 , 221. 

1 See paras. 562 to 565. 

* C/., paraa. 3446 and 3447. 


431 



432 


HYDROGENATION 


also to the use of nickel vessels in the manufacture or in the domestic preparation 
of food. 

3805. The investigators named in the footnote 4 have examined this matter. 
The result of their work is that the quantity of nickel taken up by food from 
nickel vessels is larger than that found in properly prepared hydrogenated fats 
and that, even so, it is harmless. 

3806. The quantity of nickel found in 1 kg. of food cooked in nickel vessels 
is tabulated below: 


(Ludwig) 

Milligrams 

(Lehmann) 

Milligrams 

Spinach 

25-27 

Beef and bouillon 

26-04 

Peas 

12-16 

Potato pulp (equal part of water) 

26-40 

Lentils (acid) 

35 

Spinach 

22 4 

Lentils (boiled) 

24 

Damson plum mixture . . . 

13.3 

18-57 

Sauerkraut 

54-129 

Sauerkraut 

Plums 

35 

Fruit cooked in 2 per cent acetic 

acid solution 

Water, salt water, flesh extract 
and milk 

65-67 
3. 5-5. 3 


3807. Normann and Hugel found: 



Duration of 
Cooking, Hours 

Milligrams of 
Nickel in 1 Kilo 
of Material 

Coffee 

\ 

0.03 

Apple 

\ 

46.0 

Cabbage 

\ 

83.0 

Red cabbago 

1 

67.0 

Sauerkraut 

H 

127.0 

Kohlrabi 

1 

19.0 

Potato 

1 

80.0 


3807B. Solubility of Metals in Milk.“ 


Loss in Weiqht op Metal per Square Decimeter Exposed to Milk for 30 Minutes 


Temperature 

°C. 

Nickel 

Mg. 

Temperature 

°C. 

Nickel 

Mg. 

20 

0.86 

75 

6.54 

30 

1.22 

80 

6.54 

45 

3.442 

85 

5.17 

65 

4.31 

90 

3.442 

62.8 

5.85 

95 

1.22 


4 Normann and Hugel, Seifen. Ztg., 1913 . 959. Ludwig. Osferr. Chem. Ztg. (Vienna) 
1 , 1898; Lehmann, Arch, f fir Hygiene, 1909, 68, 421; idem, Chem. Ztg., 1914 , 798. Ghe- 
orghin. Ber. pharm. Gee., 1914, 94 , 303; Chem. Abet., 1915 , 487. Vuk, Z. Nahr.-Genuesm., 
1914, 98 , 103; Chem. Abet., 1915 , 109. 

4# Qu&m, Ind. Eng. Chem., 1929, 91 , 703. 
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3808. Of seven samples of hardened cottonseed oil examined, four samples contained 
0.03 mg. of nickel in 1 kilo. One sample showed a relatively high content, 0.075 mg. of 
nickel; while the remaining samples contained 0.02 mg. of nickel. Palm kernel oil showed 
a content of nickel ranging from 0.017 to 0.1 mg. of nickel per kilo, averaging around 0.02 mg. 
Thus it will be noted that the nickel content of these fata is only about one-thousandth part 
of that found in foods prepared in nickel kettles, and when one considers that fats generally 
are not used for edible purposes, by themselves, but simply as additions to other foods, the 
amount of nickel furnished by hydrogenated fatty material amounts to so very little that the 
consumption of such food year in and year out may be regarded as harmless. 

3809. Even in fats intended for technical purposes, the amount of nickel is small a a 
compared with that found in the food materials above-mentioned, as for example: 

Nickel in 1 Kilo, 

Milligrams 


Hardened fish oil 3.3 

Hardened fish oil 1.2 

Hardened fish oil 3.2 

Hardened cottonseed oil 0.85 


3810. The second objection to the use of hardened oils in food, that based on 
their supposed inferiority to natural fats in digestibility and availability, has 
been conclusively disposed of by the daily experience of millions, as well as by 
laboratory experiments ad hoc. b 

3811. It is evident that a product of wax-like hardness, such as a fully hydro- 
genated stearin, is not suitable for use alone, as a food fat. It is, however, incon- 
ceivable that such a product would be offered for that purpose. Mixed fats, 
whether produced by hydrogenation to a lard or butter consistency, or by the 
mixture of a hardened fat with a soft or liquid product are as assimilable as natural 
fats of the same consistency. 

3812. In the process of hydrogenation, not only is hydrogen added to the 
unsaturated fatty acids, but objectionable and unstable substances are removed 
by the stream of gas. This confers on hydrogenated oils a high degree of sta- 
bility which has been positively established by a number of workers. 1 * * * * 6 

3813. The keeping properties of some hardened oils examined by Knapp {Analyst, 1913, 
102) were found to be remarkably good. Although prepared nearly a year and a half pre- 
viously, and having often been exposed to damp air, yet these samples showed no signs of 
rancidity. The acidity (0.7 per cent as oleic acid) did not appreciably change during the period 
of observation. This opinion of the stability of hydrogenated oils is now general. Leim- 
dorfer, 7 however, found that, even in a vacuum, hydrogenated fats change in color and in 
odor. This is true of some partially hydrogenated fish oils and not of carefully prepared 
edible hydrogenated oils. 

3814. Ueno and others 1 found that hydrogenated olive oil, cottonseed oil, cod-liver oil, 
peanut oil, soya-bean oil, sesame oil and cocoanut oil were superior to the untreated oils, as 
food materials, because of their greater stability and because of the removal of obnoxious 
constituents. They state that, under their conditions of working, Vitamin A is conserved. 

1 Lehmann, Chem. Ztg., 1914, 798, Cf. "Gehartete Pflanzenfette in der Speisefettin- 
dustrie.” Seifen-Fabrikant , 1914, 181: Pekelharing and Schut, Pharm. Weekblad.. 1916, 

53, 769; Chem. Abst., 1916, 2758; Thoms and Muller, Arch. Hyg., 1915, 84, 56; Chem. Abst ., 

1915, 1642; Holmes and Lang, Bulletin No. 469, U. S. Dept, of Agriculture. Erlandsen, 

Fridricia and Elgstrom. Tidskrift Kem., 1918, 15, 109; Chem. Abst., 1918, 1793 (this last 

article deals with experimental and mass feeding, under careful supervision, of a margarine 
containing 22.8 per cent of fat from hydrogenated whale oil. 

1 Holmes and Lang, loc. cit. 

7 Seifen. Ztg., 1913, 1317. 

1 Ueno, Yamashita, Ota and Okamura, J . Soc. Chem. Ind. Japan, 1927, 30, 378. 
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3815 . Gill • discusses the subject of hardened oils in their various applications. Concern- 
ing edible products obtained by hydrogenation, ho observes that it is claimed for them that 
they can be heated hotter (to 455° F.) without smoking than ordinary fat: this cooks the 
outside of the food more quickly and prevents the grease from soaking in. Consequently it 
is less greasy, more digestible, dry and crisp. Another advantage is that no odor is absorbed ; 
fish, onions and potatoes can be cooked successively in the same fat. Another claim is that 
one-fourth leas is used of these fats than of butter; further that it is all fat, while butter con- 
tains 5 to 10 per cent of water. 

3816. The fight for and against the use in food products of hydrogenated fats 
made from marine oils was far more vigorously waged than that based on the 
other objections. For details w'e again refer the reader to the second edition of 
this work and to the original papers listed in the footnote. 10 A plea was made 
by German manufacturers of margarine for the prohibition of hydrogenated 
whale oil in margarine. 11 

3817. The tumult and the fighting died when Germany, under pressure of the 
allied blockade, was in dire need of solid fats. Considerations which, after all, 
were based chiefly on esthetic grounds gave way before the stern arbitrament of 
war. Moreover, the processes of winning whale and marine oils have been 
greatly improved. The fleets are now accompanied by a steamer which is a float- 
ing oil refinery. Every effort is made to obtain the maximum of No. 1 oil. Since 
1906 the production of whale oil has increased greatly, even alarmingly, for these 
huge sea mammals are few in numbers, not prolific and are slow of growth. 
Unless concerted international action is soon taken to protect the whale, the 
question of the use of whale oil, for any purpose, will become a dead issue, by 
extinction of the source. 

3818. Hydrogenation and Vitamins. The two important vitamins of oils 
are the vitamins (or groups of vitamins) known as A and D. D has been found 
in quantity only in marine liver oils, especially cod-liver oil. Both these vitamins 
are far more resistant to heat than was once thought. 12 But they are very sen- 
sitive to oxygen. In industrial methods of hydrogenation it seems impracticable 
to exclude oxygen altogether. Therefore commercial hydrogenated oils contain 
little or no vitamin. This is of minor importance because they are not used 
alone as articles of diet. Butter substitutes are churned with soured skim milk 
and receive from this source a certain quantity of Vitamin A. 12 

3819. Vitamin Concentration. Funk and Dubin 14 have availed themselves 
of the stability of Vitamins A and D in hydrogenation conditions at relatively 
low temperatures to devise a method of concentrating the vitamins of cod-liver 
oil. The oil is emulsified with a gum-protected palladium catalyst and treated 

• Science Conspectus, Mass. Inst. Tech., 1915, 6, No. 4. 

10 Bohm, Sei/cn. Ztg., 1912 , 1087; Lieber, ibid., 1188; Keutgen, ibid., 1914 , 89; Offer- 
dahl, Ber., 1913 , 559; Halbmonatschri/t f. d. M argarinindustrie (Dilsseldorf) editorial reported 
in Seifen. Ztg., 1914 , 30; Deutsche Margarine Zeitschri/t, ibid., 118; Mblkerei Ztg., 1913; 
Klimont and Mayer, Z. angew. Chem., 1914, 27 , 645; J.S.C.I., 1915 , 148. 

11 Seifen. Ztg., 1914 , 604; Margarine Industrie, 1914. 

12 Funk and Dubin (U. S. Pat. 1,629,074) heat cod-liver oil with glacial acetic acid under 
reflux for ono hour without substantially impairing the vitamin activity. 

11 About half the Vitamin A content of milk passes into the skim milk. 

14 U. S. Pat. 1,649,520, 1927. 



EDIBILITY OF HYDROGENATED GLYCERIDES 


435 


at 60° C. until completely hardened. The vitamins are then extracted from 
the solid fat. 

3820. There are many persons, whole races in fact, who, on religious, hygienic 
or esthetic grounds, will not eat animal products. Others must eat food of ani- 
mal origin only when it has been prepared in some ordained fashion and when it 
contains no forbidden fat. To such persons the oil-hardening industry has been 
a godsend. Now they can procure sweet fats of any desired consistency with- 
out the slightest risk of transgressing their personal or religious rules. In the 
East an immense quantity of clarified butter (ghee, samn) is used in the prepara- 
tion of food. For this expensive luxury, or quasi-luxury, partially hardened 
vegetable oil has proved an acceptable substitute. The consumption of this 
product, of foreign 14 or domestic origin is continually increasing. 

3821. The Bureau of Animal Industry requires only that the true nature of 
hydrogenated fat be stated on the label, e.g., “ Stearine made from cottonseed 
oil” showing that it is not the natural article. 

3823. Oil Hydrogenation in Italy. An oil-hardening plant has been erected at Brescia 
by the S. A. Stereol near the electrolytic plant of Soc. Elettrochimica del CafTaro, utilizing 
the hydrogen by-product of the latter company. The hydrogenation plant is designed to 
produce 5000 tons yearly of hydrogenated marine oils. Tariff exemption on marine oils for 
hydrogenation has been granted. Another application of hydrogenation in Italy is contem- 
plated for the treatment of olive oil foots. Hitherto the catalyst poison from the residual 
solvent has hindered this development. New solvents are now used which are free from this 
disadvantage. 14 

11 In 1927 India imported 22,222 tons of "vegetable ghee," according to the Prospectus of 
Oil Products and Butterin Co.. Ltd., a company formed to manufacture oil products in India. 

M Cotton Oil Press, 1928, 11, 25. 
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FOOD PRODUCTS MADE WITH HYDROGENATED GLYCERIDES 

3900 . Since the addition of less than 1 per cent of hydrogen sufficed to con- 
vert cottonseed oil or other vegetable oils into a fatty body of at least the con- 
sistency of lard, it followed that manufacturers of ordinary lard compound (that 
is to say, a mixture of about 85 to 90 per cent of refined cottonseed oil and 10 to 15 
per cent or so of oleo-stearin) were attracted by the possibility of producing com- 
pound from a 11 self-thickened ” cottonseed oil. Even though there may exist 
no marked price differential between oleo-stearin and hardened cottonseed oil, 
yet when, as is the case, millions of pounds of lard compound are made monthly 
in this country, a reduction in cost of but a small fraction of a cent per pound 
means an important gross saving. 

3901 . By the hydrogenation process a lard substitute may be prepared in 
two ways. The entire oil may be simply hardened to the consistency of lard, 
care being taken to employ an oil as nearly neutral as possible to prevent excess- 
ive solution of catalytic metal, and to avoid a high temperature of treatment 
so as not to impair the flavor of the product. If the color and flavor are detri- 
mentally affected, resort may be had to a further treatment with fuller's earth 
followed by steam-vacuum deodorization. The addition of a small amount of 
cocoanut oil benefits the flavor. 

3902 . The other method is that of making lard compound which, as indi- 
cated above, involves thickening a large proportion of normal oil with a small 
amount of a relatively hard hydrogenated product. This may be carried out as 
follows: 

3903 . After the oil has been hardened, it is freed of catalyzer and then may be 
run into tanks containing the requisite amount of deodorized cotton oil (or other 
edible oil) and if necessary the mixture is further clarified and filter-pressed. 
With hardened cotton oil of 58 to 60 titer, only 7 to 10 per cent is required to 
thicken the oil to the consistency of lard, although in hot climates a somewhat 
larger proportion may be needed. 1 The mixture is run on to a chill roll to cause 
rapid solidification and after slight aeration to improve the color is ready to be 
packaged. Figure 92 shows a chill roll or lard cooler of the type usually employed. 

3904 . In this illustration the large upper cylinder or roll is chilled by the cir- 
culation of brine and is slowly rotated say from 6 to 10 r.p.m. The hot liquid 

1 An object in making lard compound is to use as large a percentage of cottonaeod oil as 
possible and yet fulfil the required conditions as to the stiffness of the material to withstand 
warm temperatures without much softening. Compound which stands a moderately warm 
climate can be made with even as low as 6 to 7 per cent hardened oil. 
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compound at a temperature of 50° to 55° C. is run into the feeding trough and 
falls onto the chilling roll, forming a thin somewhat translucent film which 
quickly cools and solidifies. The solid fat is removed by a scraper and falls into 
a picker trough. The latter contains a shaft equipped with beating and con- 
veying blades which churn the composition and destroy the translucency, pro- 
ducing an opaque white product of lard-like appearance. The picker is run at a 
relatively high speed, say 175 to 180 r.p.m. Figure 91 is an end view showing chill 
roll, feeding trough and picker. In Fig. 93 the cooler and picker appear on the left 
hand and in the center is a pump which withdraws the product from the picker 
and forces it through the pipe line to the packaging cocks on the right hand. 



Cottonseed oil hydrogenated by the drip 
method. 


Ratio: Oleic : iso-oleic :: 10 : 1.8 


Cottonseed oil hydrogenated by the over- 
flow method. 

Ratio: Oleic : iso-oleic :: 10 : 14.5 


Too high a speed of the picker blades incorporates an excessive amount of air in 
the product rendering it 11 fluffy.” 2 

3905 . The speed of rotation of the chilling roll is governed by the rate of 
feed and by the temperature of the brine. The latter may be kept between, for 
example, — 5° to + 10° F. for good results. If the brine is too cold, the product 
is liable to drop badly from the roll and the texture is not always satisfactory. 
This, however, may be largely remedied by increasing the feed. In winter the 
brine may be held at a slightly higher temperature to prevent brittleness. In 
the hottest weather, very cold brine should be used to aid in securing a producn 
which will preserve its color and consistency for a considerable time. 

* The author desires to make acknowledgment to the A 11 bright- Nell Co. of Chicago for 
their courtesy in furnishing the illustrations Figs. 91-92 and 93a. 
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3906 . When properly made the compound containing the hydrogenated oil 
thickener is excellent in color, texture, flavor and keeping qualities. By many 
it is considered superior in several respects to oleo-stearin compound. 

3907 . Possibly, however, for best results as to stability it is desirable to 
hydrogenate the entire body of oil to a fatty acid titer of 36 or 38, or whatever 
consistency may be required, rather than to take a relatively small proportion 
of the oil and harden it to a titer of 50 to 60 or thereabouts and incorporate 
with unhydrogenated oil. It appears that the hydrogenation of the total body 
of the oil, by transforming the linoleic and linolenic compounds and the like, has 
a tendency to improve the oil as regards its edibility and certainly gives it greater 
stability. The flavor of lard compound is, however, preferred by many large 
users of lard substitute presumably because of the proportion of normal oil 
which it contains, and the manufacturing cost is lower. 



3908 . Further, it may be stated, by partial saturation of glycerides, we have 
the possibility of preparing from tri-olein the oleo-distearin or the dioleo-stearin. 
Dioleopalmitin would give either oleostearopalmitin or distearopalmitin. From 
tri-olein we may have the two isomeric oleo-distearins, or- and ^-oleo-distearin as 
well as <*- and /3-dioleo-stearin. Which of these we may be able to produce con- 
trollably and which may prove best from the edible standpoint are problems for 
the future to solve. 

3909. Joslin calls attention to the economy in using hardened oil " vegetable stearin M 
in place of oleo-stearin for making lard compound, since only 7 to 10 per cent of the former is 
called for against 14 to 20 per cent of the oleo-stearin. Of course the amount of hardened 
oil required depends on its degree of " hardness." but for the present grades of hydrogenated 
cottonseed oil of 68 to 60 titer, now on the market, the above proportions hold. When the 
oil is hardened to about the consistency of average oleo-stearin, naturally a greater proportion 
is needed in lard compound. 

3910. Joslin notes the economy resulting from the employment of hardened oil at one 


plant during a period of one year. 

93 parts cottonseed oil at $6.45 per hundred pounds $6.00 

7 parts hardened oil (vegetable stearin) at $9.25 per hundred pounds.. . 0.65 


Cost per hundred pounds of compound $6.65 

86 parts cottonseed oil at $6.45 per hundred pounds $5.55 

14 parts oleo-stearin at $9.25 per hundred pounds 1.29 


Cost per hundred pounds of compound $6.84 


Or a saving of practically 20 cents per hundred pounds of compound manufactured on the 
basis of prices then prevailing. This differential, of course, will change with altered price 
conditions. 
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3911. Brauer 1 notes that both laboratory experiments and those made on a 
commercial scale indicate that hardened fats have a much greater capacity for 
11 holding ” water than untreated fats, and that the same is true of margarines 
made from the two kinds of fats. Margarines made of (a) hardened whale oil 
and unhardened linseed oil, (6) hardened linseed oil mixed with unhardened oil, 
and (c) tallow and unhardened linseed oil, contained 25.67 per cent, 18.33 per 
cent and 11.75 per cent, respectively, of moisture. 

3912. The fat-soluble accessory growth substances of beef fat and “ oleo-oil ” 
are considered important food elements by Halliburton and Drummond. 4 Mar- 
garines containing these bodies are nutritively equivalent to butter. On the 



Fio. 93a. — Lard Blender. 

Lard compound ia further improved by panning through a blender, after leaving the chill roll. 

other hand it is asserted that cocoanut oil, cottonseed oil, peanut oil and hydro- 
genated vegetable oils contain little of these accessory substances and that mar- 
garines prepared from these are not equal to butter in nutritive value. A com- 
mercial butter substitute prepared from cocoanut oil and skimmed milk is 
said to contain the full proportion of Vitamin A. 

3913. Clayton 1 observes that excessive moisture content of margarines from 
hydrogenated oil has not been met with in British factories. 

3914. The utility of hydrogenated oils in the manufacture of oleomargarine 
receives further confirmation by Pickard, 4 who states that for the purpose hydro- 

1 Z. Offcnt. Chem ., * 2 , 209; Chem. Zentr. % 1916, II, 627; Chem . AUt. t 1917, 1699; Z.angew. 
Chem. % 1916. 29 , Ref. % 492; 1917 , 98. 

4 Journal of Physiolooy , 1917, 61 , 235-261. J. Chem . Soc., 1917, 112 , i, 673. JJS.CJ^ 
1917 , 1285; cf. Dannemeyer, V olkacrrUlhrung, 2 , 193; Chem. Ztr., 1927 , II, 1219. 

'J.S.C.I., 1917 , 1205. 

• Am. Food J., 1918 , 16. 
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genated or hardened oils are used in considerable quantities. He further states 
that when the process is properly handled, the melting-point of the resulting 
material can be regulated to a nicety and the oils contain no appreciable amounts 
of deleterious substances, so that they are, therefore, perfectly wholesome and, 
in consequence, legitimate constituents of edible products. 

3915 . Kecbler states that the principal difficulty experienced with some manufacturers 
of nut margarine is that of keeping the melting-point above 75° F., while butter melts about 
92° F. However, it is claimed by one manufacturer that his nut margarine has a melting- 
point of 107° F. Keeblor observes that this possibly can be accounted for by tho use of 
hydrogenated oils. 

3916. Butter Substitute from Peanuts. Sherman 1 * * * prepares a butter sub- 
stitute by mixing hydrogenated peanut oil with a “ milk powder ” Bubstance 
obtained by leaching the fat-free meat of the nuts and evaporating the liquid. 

3917. Burchanal * prepares a food compound closely simulating lard in its 
physical and chemical characteristics, consisting of a mixture of an oil and a 
hardening agent produced by hydrogenizing an oil or liquid fat. 

In its most desirable form, the product is a vegetable one, consisting of a mixture of about 
85 per cent of cottonseed oil and 15 per cent of hydrogenized cottonseed oil. In the manufac- 
ture of this product, oil is hydrogenized, by vigorous agitation in a closed vessel containing 
an atmosphere of compressed hydrogen, a catalytic agent, such as kieselguhr impregnated 
with finely divided nickel, being maintained in suspension in the oil and the charge being 
heated to a temperature of about 155° C. The oil is thereby converted into a white or yellow- 
ish solid, containing additional hydrogen about .5 to .6 percent more than in the non-hydro- 
genized material, having a saponification value of about 190, an iodine value of about 20, 
a melting-point of about 56° C., and a titer of about 55° C., giving no reaction for cottonseed 
oil under the Halphen test. Suitable proportions of the hydrogenized oil are now thoroughly 
mixed or blended. In case about 15 per cent of hydrogenized cottonseed oil and 85 per cent 
of non-hydrogenized cottonseed oil are thus mixed, the final product is stated to be a white 
or yellowish semi-solid, having a saponification value of about 195; an iodine value of about 
95; a melting-point of about 42° C.; and a titer of about 36° C. 

In case a harder hydrogenized stock is used, its proportion may be correspondingly reduced. 
For example, if the oil used for hardening is hydrogenized to an iodine value of 8 or 9, approxi- 
mately 10 per cent of the hardened material are stated to be required to yield a mixture having 
physical constants approximately as above specified. 

3918. Burchanal 9 produces an incompletely hydrogenated lard-like fat 
from cottonseed oil, with the stated object of providing a new food for a shorten- 
ing in cooking, in which the liability to become rancid is minimized, and in which 
the components of such vegetable oils which are inferior and detrimental to use 
as such a food product have been, to a large extent, converted into a higher and 
more wholesome form. 

3919 . All such vegetable oils contain glycerides of unsaturated fatty acids, and among 
these, notable quantities of fatty glycerides of lower saturation than olein. Oxidation is 
largely the cause of rancidity, which oxidation weakens the fat at the point of absorption at 
the double bonds, and these glycerides of lesser saturation readily absorb oxygen from the 
air at ordinary temperatures, while the more highly saturated glycerides, as olein, only absorb 
oxygen at elevated temperatures. It is evident, Burchanal observes, that oils or fats con- 
taining notable quantities of glycerides of linolic acid, or of lesser saturation, are distinctly 

1 U. S. Pat. 1,691,087, Nov. 13, 1928, assigned to Brown Co. 

• U. 8. Pat. 1,135,935, Apr. 13. 1915. 

9 U. S. Pat. 1,135,351, Apr. 13, 1915. This is tho patent which was involved in The 

Procter & Gamble Company vs. Berlin Mills Company. 
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inferior a a an edible product to those containing a minimum of these glycerides with a larger 
per cent of olein. On the other hand, while it is important to get rid of the readily oxidizable 
glycerides of lower saturation it is also important not to supply too large a per cent of fully 
saturated glycerides. The saturated glycerides of the arachidic, stearic, palmitic and other 
groups are stated to be of very small value for shortening, inasmuch as it is the liquid fats 
which contribute this value to the material. Saturated fats, however, serve the purpose of 
congealing the shortening within the food, and thus retain it equally distributed throughout 
the whole. Oil, liquid at the ordinary temperatures, is not regarded as making the best 
shortening, because the oil remains liquid, keeping the food in a soggy condition, and the oil 
will even settle to the under part of the cooked product. Moreover, fats of a melting-point 
above the temperature of the human body, 98° F., are not so digestible as fats which are 
liquid at this point, or which have a melting-point below 98° F. Burchanal therefore endeav- 
ors to change the chemical composition of the oil (cottonseed) to obtain a product with a 
high percentage of olein, a low percentage of linolin and the lesser saturated fats, and with 
only sufficient stearin to make the product congeal at ordinary temperatures. 

3980 . Hydrogenation is, therefore, stopped when the oil has been converted into a product 
which cools to a white or yellowish semi-solid resembling lard. In many respects, it is claimed 
the product is superior to the best leaf lard as a shortening. It is not so liable to becomo 
rancid and the product can be heated to a considerably higher temperature than lard without 
smoking or burning. The high temperature to which the product can be raised without 
smoking or burning is stated to make the product ideal for frying as a crust forms almost 
instantly on the food fried, which prevents any absorption of the shortening. Burchanal 
gives data on the analytical constants of the product. A lard-like product thus prepared 
from cottonseed oil has a saponification value of about 195; and an iodine value ranging from 
about 55 to about 80. The product having an iodine number of 55 has a titer of about 42° 
and a melting-point of about 40° C.; that having an iodine value of 80 has a titer of about 
35° and a melting-point of about 33° C. While but partially hydrogenized, containing from 
about 1.5 per cent to 2.5 per cent of additional hydrogen more than in the non-hydrogenized 
material, it shows no free cottonseed oil when subjected to the Halphen tost. It contains 
from 20 to 25 per cent of the fully saturated glycerides, from 5 to 10 per cent linolin and from 
65 to 75 per cent olein, and an average of a number of samples gives 23 per cent of saturated 
fats, 7.5 per cent linolin and 69.5 per cent olein, while the cottonseed oil before treatment 
contained 37 per cent linolin and 46 per cent olein. 

3921 . Walker 10 proposes a method of making fatty food products which 
consists in partially hydrogenating unsaturated compounds of vegetable or ani- 
mal oils and fats by any method and arresting the operation at a predetermined 
point short of saturation and, where the consistency of the product is above or 
below that of a given oil or fatty body, and then incorporating with the partially 
hydrogenated body an unhydrogenated oil or fatty body to produce a product 
of the desired consistency and having the characteristic flavor desired. For 
example, purified cottonseed oil is hydrogenated until the action reaches a point 
where the stearin produced amounts to about 22 per cent of the oil treated, 
there remaining about 80 per cent of unsaturated oil. These proportions may 
vary with wide limits, depending on the consistency of the final product desired 
and the nature of the subsequent additions. To the hydrogenated product freed 
from catalyzer, oily lard is added, preferably by means of incorporating rolls, 
the quantity being sufficient to give to the hydrogenated product a lard con- 
sistency. 

3922 . The process is stated to be equally applicable to making butter sub- 
stitutes, the manufacture of coatings for chocolate creams, confections and 
the like. 


»• U. 8. Pat. 1,206,954, Dec. 5, 1916. 
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3923. Walker considers it is important that the hydrogenating action 
be carried to a point affording a consistency above or below that of the final 
product, and then to secure the desired consistency by incorporation of a 
suitable oil or solid fatty body, thereby securing the benefits of the added body 
as a hardening or softening agent while retaining its desirable flavoring charac- 
teristics unimpaired. In general, the hydrogenating action may vary between a 
product which is soft and greasy to a solid, but for the preparation of lard and 
butter substitutes the hydrogenating action should afford a product containing 
about 18 to 22 per cent of stearin. 

3934 . An edible oil composition is described by Ellis 11 comprising hydrogenated cotton- 
need oil and cocoanut oil, tho mixture being beaten with air to improve the color of the product. 
The following formula and method of treatment are given : 90 parts cottonsoed oil are mixed 
with 10 parta of cocoanut oil and the mixture subjected to the action of hydrogen at a tem- 
perature of from 150° to 160° C., in the presence of finely divided nickel so as to convert a 
proportion of the unsaturated into saturated material. A soft solid composition is produced 
which is then subjected to aeration carried out by beating the hydrogenated product with 
rapidly revolving paddles until a sufficient quantity of air is incorporated in the product, 
in a finely vesiculated condition to produce a material of the proper consistency and light- 
colored appearance. Another statement 11 gives details of a hydrogenated butter substitute 
in which various hydrogenated and normal oils are incorporated to make a fat approximating 
the melting-point of butter, with which is mixed milk, etc., to produce a variety of margarine. 
These compositions should ordinarily have a melting-point considerably less than the temper- 
ature of the human body, so that when the material is taken into the mouth, it immediately 
melts and does not leave an unpleasant greasy sensation on the tongue and walls of the 
mouth. It is generally desirable to carry the hydrogenation treatment to a point where a 
product of rathor firm consistency is secured. This produces a material, however, which is 
of too high a melting-point for the production of a vegetable butter composition. Hence it 
is then pressed to remove the excessive amount of stearine. In the case of cottonseed oil, it 
is stated that it is desirable to hydrogenate until the iodine number falls to about 80. The 
oil may then be cooled to about 30° C., and allowed to stand for a time and pressed. After- 
wards it is warmed to render it entirely fluid, and is incorporated with ordinary full milk or 
skim milk or buttermilk, sterilized milk, sour milk or milk which has been specially fer- 
mented. Coloring material, such as ordinary butter color, may be added. Also a flavoring 
compound, such as cumarin and various esters and aldehydes, such as those of valerian and 
capryl bodies, may be added. In order to give the product the property of browning, when 
heated in a skillet, bodies such as egg yolk, milk sugar, lecithin or finely powdered casein 
may be introduced. 

3925 . A suitablo oil base having been derived in this manner, the oily material is emulsi- 
fied with the milk. For 100 parts of fatty material about 30 to 60 parts of full milk or per- 
haps 50 to 80 parts of skim milk are suitablo proportions. In the summer months a stiffer 
composition is required than in the winter months and the fatty material should be com- 
pounded to give a material melting at the proper point with reference to seasonal tempera- 
tures. In emulsifying it is desirable to put a portion of the milk in tho beating apparatus, 
and to stir for a short time. In the case of full milk, beating for ten minutes or so causes 
a separation of the butter fat. The oil then may be added in portions, beating thoroughly 
until the composition is well incorporated. The remainder of the milk and fatty material 
may be added from time to time, and the temperature of the mixture should preferably be 
maintained between 30° and 40° C. When thoroughly incorporated, tho batch is run from 
the apparatus into a cooling device which cools the emulsified composition rapidly. It is 
then ready to be rolled and kneaded to remove the excess of water, after which treatment 
the material is formed into the desired shape for shipment. The coloring material and salt 
and also flavoring material may be added during the emulsification process 1S 


« U. S. Pat. 1,037,881, Sept. 10. 1912. 

« Ellis. U. S. Patent, 1,038,547, Sept. 17. 1912. 

11 The use of hardened oil in preparing oleomargarine compositions is the basis of French 
Pat. 458,611, of 1913, to Deveaux. 
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3926. Hydrogenated soya-bean oil 14 has been recommended, as well as hydrogenated 
vegetable oil and animal fats mixed to form lard-like products of varying composition. When 
employing cocoanut oil in such compositions it is desirable to hydrogenate it. To be sure, 
cocoanut oil usually has an iodine value of only 7 to 10, which is indicative of the small pro- 
portion of unsaturated bodies present. But, in spite of this, in order to secure a permanent 
product, which does not separate or grow lumpy on standing, and which remains in a per- 
fectly neutral condition for a long period of time, even when exposed to the air, it is desirable 
that the iodine number of the cocoanut oil should be reduced practically to zero, if larger 
proportions than 30 per cent or thereabout are incorporated with hydrogenated soya-bean 
or cottonseed oil. Cocoanut oil may be pressed to separate stearin from olein and the latter 
hydrogenated. 

3927. An edible product of a so-called superhydrogenated character 11 is obtained by 
carrying the degree of hydrogenation beyond the actual titer required and then pressing to 
remove some of the harder material so that the final titer of the expressed fat is that of lard, 
butter or whatever other titer may be required. Most oils of a vegetable nature and some 
animal oils contain from traces up to considerable quantities of highly unsaturated bodies, 
including those of the linoleic and iinolenic group. These and other similar bodies are very 
sensitive to oxidation and lend instability to edible oil products of this character by their 
tendency to change chemically and thus alter the flavor of the material. These bodies may 
be saturated by very careful hydrogenation up to the degree of consistency required in the 
edible product, but such hydrogenation is difficult to carry out commercially on a large scale 
with the assurance that the product will run uniform in quality. By saturating with hydrogen 
to an excessive degree as regards final consistency, these bodies become more completely 
divested of odor of origin and tendency to rancidify. By hydrogenating cottonseed or com 
oil or similar oils to reduce the iodine number materially, the more sensitive double bonds are 
saturated with hydrogen and oxidation tendency is reduced. Apparently the complete elimi- 
nation of all the double bonds characteristic of the linoleic type is more difficult than the 
removal of the double bonds characteristic of the Iinolenic type, so that control over this 
seeming selective action during hydrogenation when saturating up to a given degree of con- 
sistency from a given oil is difficult, if not impossible, under ordinary conditions of hydro- 
genating. If, however, the oil is overhydrogenated so that a more consistent fat is acquired 
than is actually desired for an edible product, the unstable bodies thus may be completely 
transformed. In order to secure the degree of consistency desired the hot hydrogenated fat is 
gradually cooled to about 30° C., when the temperature may be maintained between 25° to 
35° C., or so for several hours to induce crystallization or balling of the high melting-point 
compounds. The mass is then pressed. 

3928. It has been noted when a vegetable oil such as cottonseed oil is hydrogenated 
directly until of the consistency desired that on cooling frequently it tends to granulate unless 
rapidly cooled. This is objectionable in culinary operations as an initial lard-like body 
after once heating and slow cooling in the air often forms relatively hard granules of stearin- 
like bodies which look like little balls of coagulated material and separating as they do from 
the fluid oil under some circumstances give the product the appearance of having curdled 
or decomposed. By superhydrogenating and pressing to the point required the granulating 
stearins or stearin-like bodies are eliminated to a greater or less extent and less easily crystal- 
lizing or non-granulating stiffening bodies remain tending from their amorphous texture to 
maintain better the original consistency and appearance of the product in repeated culi- 
nary use. 

3929. The Boyce process If of producing an edible compound consists in preparing a 
mixture of synthetic stearin by the action of hydrogen in the presence of a catalyzer upon a 
previously unsaturated oil or fat, the latter being subjected to the catalytic action of hydrogen 
to a degree sufficient to convert the required fraction of the oil into synthetic stearin. 
The hydrogenation process is arrested at the point when the stearin is found to be present 
in the amount of about 20 per cent of the entire body of the oil. Boyce states that by arrest- 
ing the action at this point there will remain a mixture of the unsaturated oil and the syn- 
thetic stearin produced by the hydrogenation of a portion of the oil. 

3930. A hydrogenated fatty food product containing hydrogenated corn oil has been 
described. 17 When com oil is suitably by hydrogenated, a product is derived which has the 

14 Ellis, U. S. Pat. 1.047,013, Dec. 10, 1912. 

11 Ellis. U. S. Pat. 1.058.738, Apr. 15. 1913. 

,f Boyce. U. S. Pat. 1,061.254, May 6, 1913, assigned to the American Cotton Oil Co. 

17 Ellis, U. S. Pat. 1,067,978, July 22, 1913. 



FOOD PRODUCTS MADE WITH HYDROGENATED GLYCERIDES 445 


property of improving the stability of hydrogenated cottonseed oil or similar hydrogenated 
oils which tend to granulate. Also it is stated that hydrogenated cocoanut oil may be used 
as a fluxing agent for chocolate in the manufacture of confectionery. The melting-point of 
the fatty flux should preferably be about 90° to 100° F. Hydrogenated cocoanut oil olein 
may be used in a similar manner. The manufacture of the coating of chocolate creams calls 
for a relatively high melting-point fat which incorporates readily with chocolate and does 
not impair its flavor. Cocoa butter is especially desired on this account, but is relatively 
expensive. Cocoanut oil melts so easily that in hot weather candies made with it soften very 
quickly when handled. Cocoanut oil also has a tendency to rancidify. By hydrogenation 
of an oil assimilable with chocolate the exact melting-point desired may be obtained and a 
stable composition secured. 11 

3931. Hydrogenated oil of high titer may be mixed with unhydrogenated 
oil to form a body of a consistency suitable for use as a substitute for lard. For 
example, hydrogenated cotton oil of a titer of say 52° C. (fatty acids) may be 
melted and incorporated with four times its weight or so of ordinary refined or 
deodorized cottonseed oil so as to form on cooling a white, opaque fatty mate- 
rial of the consistency of ordinary lard. The product made in this manner is not 
always sufficiently color-stable. Not infrequently in a short time it will lose its 
opacity to a considerable degree and will take on an appearance more suggestive of 
petrolatum than lard. Sometimes this change, which may be due to a tendency 
to form solid solutions of certain types, occurs irregularly in layers of isolated 
zones which give the product a curious mottled appearance, and this striated 
effect taking place in the containers during storage so changes the product, 
physically at least, that it is regarded as damaged or unfit for use by those accus- 
tomed to the normal appearance of lard. By disseminating through a fatty 
basis of a melting-point and consistency approaching that of lard, a quantity of 
fatty material of higher titer so as to form flocculations of a high titer product 
uniformly disseminated through the fatty basis, a product of better 41 color sta- 
bility ” is secured. 19 The material of the relatively higher titer may be denomi- 
nated the stabilizer and the proportions of fatty basis and stabilizer as well as 
their melting-points and titers may be varied to meet various conditions of a 
climatic nature. 

3933 . As an illustration one may take to make the fatty basis, 6 parts of hydrogenated 
cottonseed oil of a titer ranging between 52° to 54° C. (fatty acids) and 34 parts of refined 
and deodorised cottonseed oil. A thorough mixture is secured by the aid of heat and when 
well incorporated the melted product is chilled rapidly in a thin layer by feeding onto a chilled 
roll which is kept in constant rotation and from which the solidified product is removed in layers 
by a scraper. This product when properly set has a consistency approaching that of ordinary 
lard. The stabilizer is prepared by incorporating 3 parts of hydrogenated cottonseed oil of 
the same titer as that used in making the fatty basis, with 5 parts of refined and deodorized 
cottonseed oil. By heating the hardened oil with the deodorized oil the requisite mixture is 
obtained. As in making the fatty basis, the stabilizer is likewise chilled to form a solid, and 
the two products are mixed in powerful mixing apparatus. To secure a desirable distribution 
both the fatty basis and the stabilizer may be fed onto the same chill roll in a series of adja- 
cent or alternate streams, or the fatty basis may be allowed to fall on the chill roll, and when 
it has progressed a distance sufficient to solidify but not to stiffen it fully, the stabilizer is 
applied as a superposed coating adherent to and slightly intermingled at the contacting sur- 
faces, with the fatty basis. This composite film is removed by the scraper and is then '* pugged" 

u Cf. Whymper and Bradley, J.S.C.I . , 1925, 44 , 77T on advantages obtained by use of 
hydrogenated oil in chocolate coatings to prevent "fat bloom." 

» Ellis, U. S. Pat. 1.070,331, Aug. 12. 1913. 
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or beaten. As the melting-point of the stabilizer is preferably considerably higher than that 
of the fatty basis, the former congeals more quickly, so that although the superposed film is 
somewhat insulated from the chill roll by the fatty basis film yet the solidification of the upper 
layer is usually rapid enough to prevent material solution or interfusion of the two heterogeneous 
layers. 

3933 . Further modifications are the following: 80 parts of cottonseed oil are mixed 
with 15 parts of hydrogenated oil of a titer of 48 (fatty acids). This is chilled and mixed 
with 5 parts of melted 42° C. titer hydrogenated or hard oil, or fat. Likewise one can super- 
pose on a basis of 34 to 38 titer about 20 per cent of 40 to 42 titer. Cottonseed oil may be 
hydrogenated to 37 titer, chilled as described and similarly incorporated with about 10 to 20 
per cent cottonseed oil hydrogenated to 40 to 42 titer. Thus there may be obtained a lard-like 
or otherwise consistent fatty material having its main titer to a considerable degree influenced 
so that the product may have the desired soft consistency of ordinary lard while actually 
containing bodies which if melted into the fatty basis would raise the melting-point and 
consistency. 

3934. Palm oil, suitably hydrogenated, has been recommended for use in 
edible fat products. 50 

3935 . A product called Vegetole, manufactured by Armour & Co., according to the 
American Food Journal, June, 1917, page 330, is a hydrogenated cottonseed oil, without 
flavor and fully sterilized. It is stated that Vegetole differs slightly from lard and also mix- 
tures of cottonseed oil and oloo-stearin and that it also has different properties from cotton- 
seed oil. Vegetole is sweet, wholesome and nutritious and easily digested and can be used 
for all purposes for which lard is used. As a shortening agent, whether in bread, pie crust, or 
biscuits, or when used as a medium for frying, the results obtained are stated to be excellent. 

3936. A liquid hydrogenated oil food product is described by Lowenstein 
which is stated to be suitable for use as a salad oil, cooking oil or for such other 
purposes as cottonseed oil, or similar oils have been used, the product being super- 
ior to such oils in keeping qualities. See para. 3268, page 333. 

3937. A further advantage of the product lies in the fact that the dissolved stearin therein 
is found to crystallize most readily, which quality renders the product especially suitable for 
winter or cold pressing for salad oil. 

3938 . In carrying out the process for the manufacture of the product, a fatty oil, for 
instance, choice or prime yellow cottonseed oil, is placed in a closed vessel and caused to bo 
chemically combined with hydrogen in the presence of a catalyzer. A temperature of 150° 
to 200° C. has t>ccn satisfactorily employed and the time required to produce the desired result 
after attaining this temperature is from five to thirty minutes, depending upon the activity 
and proportion of the catalyzer employed. 

3939 . Depending upon the particular cottonseed oil treated by the process the iodine 
value of the finished product varies from about 90 to 102. Its titer (as determined by the 
Wolfbauer method) has been slightly increased during the process to the extent of from 
about T^y° C. to A° C. over that of the original oil treated. The color of the treated product 
is usually somewhat lighter than the original oil. On cooling the product it in part readily 
crystallizes, thereby making the separation of stearin from the oil much easier and more 
effective for "winter pressing" for salad oil than is the case with ordinary cottonseed oil. 
The product responds negatively to the Milliau test for cottonseed oil. 

3940. Improvement in Edibility of Vegetable Fats by Partial Hydrogena- 
tion. 21 Edible vegetable fats are hydrogenated in carefully regulated stages — at 
70° C. to decompose aldehydes and ketones and then under 250-600-lb. pres- 
sure at 90° to decompose hydroxy-fats — without hardening the fat. 

20 Ellis, U. S. Pat. 1.087,161, Feb. 17, 1914. 

The fatty acids of Kaya oil have been hydrogenated by Ueno ( Chem . Rev. u. d. Fell. u. 
Harz. Ind., 1913, 209) who thereby obtained fatty acids melting at 65.5° C. 

21 U. S. Pat. 1,605,108 to Grindrod (assignor to Carnation Milk Products Co.). 
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3941. Partial Hydrogenation of Oil for a Food Product A liquid product 
of improved quality is obtained from a vegetable oil by subjecting the oil to 
hydrogenation, stopping the hydrogenation at a point at which the oil solidifies 
at 21°-27°, and then separating the liquid from the solid constituent. The 
liquid food product so obtained has an iodine value of about 90 and remains 
clear for at least five hours at 0°. M 

3942. Qualities Sought by Bakers in a Hydrogenated Oil. Aspergren, writ- 
ing in The Colton Oil Press, November, 1927, says that to the cracker baker a 
low melting-point and not more than a small amount of highly unsaturated 
glycerides are desiderata, while the cake baker, using hydrogenated oil, wishes 
for one which has high water-absorption qualities and which will cream well. 

3943. Graff ” writing of vegetable oils as shortening, says that hydrogenation 
has greatly improved this class of shortening. In the first place the reduction 
of readily oxidizable oils such as the glycerides of linoleic acid has made these 
oils more stable and has diminished or abolished the tendency to rancidity. This 
is of special importance to the cracker ( anglice biscuit) baker because his mer- 
chandise has to be kept so long before it is consumed. In the second place, hydro- 
genation furnishes a complete range of consistencies from hard waxy fats to 
buttery semi-solids. 

3944 . In the manufacture of leavened bread it is the practice to add various milk prod- 
ucta to improve the flavor, etc. The addition of milk tends to retard fermentation by yeast 
and Kohmann, Godfrey and Aache u have found that by peptonizing the milk the fermenta- 
tion is accelerated rather than retarded. 

3946 . In addition to milk they And that various forms of cheese may be employed and 
that it is preferable to mix the cheese with a hydrogenated fat such as hydrogenated cotton- 
seed oil having a melting-point of about 35° to 40° C. A creamy mixture is obtained by incor- 
porating these ingredients and such mixture may be readily introduced into the dough batch 
during the usual mixing operation. The addition of the hardened fat to the cheese is 
desirable for the further reason that the fat replaces a part or all of the shortening agents that 
are ordinarily added to bread. Ten parts of cheese to 4 or 5 parts of the hardened fat may 
be employed and 1 to 1 J lb. of this mixture may be used to 100 lb. of flour. 

3946 . Kohman, Godfrey and Ashe employ hydrogenated fats in the manufacture of 
bread. 21 A shortening effect equal in value to that produced by relatively largo quantities 
of liquid oil is stated to be obtained by the employment of a hard fat, which also permits the 
use of sufficient water not only to supply the amount required for giving stiffness and springi- 
ness to the dough, but to supply, in the baked loaf, the quantity recognized as desirable for 
imparting to the bread the expected freshness and flavor. The employment of the hard fat 
as the shortening agent is likewise found to add to the keeping qualities of the loaf, in the 
sense that even after the loaf has lost its original freshness, it lacks the rancidity frequently 
met with in ordinary bread which has been kept, under the same conditions, for the same 
period of time. For the present purpose they use as the shortening agent, a hard fat of 
cither vegetable or animal origin, — as, for instance, hydrogenated edible vegetable oil (hydro- 
genated cottonseed oil), hydrogenated edible animal oil, or oleo-etearin. Kohman, Godfrey 
and Ashe give preference to the use of hydrogenated cottonseed oil, or other hydrogenated 
vegetable oil of an edible character, for the stated reason that such oils are relatively cheap, 
and can be hydrogenated or hardened up to a high melting-point readily and conveniently. 
Thus hardened cottonseed oil having a melting-point of 57° C. is well adapted for shortening 
purpoeee. 

” U. 8. Pat. 1,483,155, Feb. 12, 1924; original application June 1, 1914, renewed June 22, 
1923, to Boyce (assignor to The American Cotton Oil Co.). 

u Ind. Eng. Chem. % 1928, 10, 1310. 

14 U. S. Pat. 1.222.304. Apr. 10, 1917. 

M U. S. Pats. 1,204,280 and 1,204,281, Nov. 7, 1910. 
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3947. To incorporate the hard fat of high melting-point into the dough batch it is desir- 
able to bring the former first into intimate admixture with flour. This may be effected by 
melting the hard fat and heating it somewhat above its melting- temperature and then mix- 
ing the flour therewith. The heating and mixing operation may be carried out in a rotary 
drum, having a heating jacket, and provided with stirrers. The temperature should be main- 
tained, during the mixing operation, above the melting-point of the fat, so that the flour shall 
not chill the mass, or the flour may be preheated, for the same purpose. It is found that under 
these conditions a quantity of flour equal in weight to from 5 to 10 times the weight of the 
melted fat will absorb the fat, and that the flour will retain its pulverulent condition. The 
procedure involves heating only a relatively small quantity of the flour. Thus, if 1 lb. of 
hard fat is to be added to a dough batch containing 880 lb. of flour, it will suffice to abeorb 
the fat in 5 to 10 lb. of flour, in the manner described, and it is found that in the subsequent 
mixing and kneading of the dough batch, the shortening thus added to the relatively small 
amount of flour will be uniformly distributed throughout the entire mass. This feature 
avoids heating the entire mass of flour up to the temperature of the small portion which has 
absorbed the fat. 

3948. The hard fat may also be incorporated with the flour in the manner following: 
The melted fat heated to a temperature of 200° C. and upward may be supplied from a 
suitable melting and heating receptacle to a discharge pipo from which it may be ejected, at 
a correspondingly high temperature, in the form of a fine spray or cloud, by a jet of air into 
an inclosed chamber. Into this chamber the flour may bo sifted, and on coming in contact 
with the highly heated particles of fat sprayed into the chamber, take up the fat. The 
flour thus impregnated with the melted fat remains in a pulverulent condition, after cooling, 
and is available for use as a part of the flour ingredient of the dough batch. In this case it is 
found that by repeating the absorbing operation a number of times, upon the same body 
of flour a quantity of flour from five to ten times the weight of the fat is sufficient to absorb 
the fat and yet remain in a pulverulent condition. 

3949. It is found that, with equally good results as to color, texture and expansion, a 
quantity of the melted fat incorporated with the flour in either of the ways described may 
be employed of approximately one-twentith the weight of the cottonseed oil used ordinarily 
in making up the dough batch. Thus, in those instances where from 2 to 3 per cent of cotton- 
seed oil (calculated, by weight, on the amount of flour employed in the dough batch) was 
used, one-twentieth of that percentage, by weight, of hydrogenixed cottonseed oil having a 
melting-point of 57° C. may be used, resulting, it is claimed, in like shortening effects with the 
production of a stiffer and springier dough; the viscosity of the dough being maintained, 
even though the absorption is increased, and the resultant baked loaf having an amount of 
moisture sufficient to give it satisfactory freshness and flavor. 

3980. Fats of a melting-point as low as about 35° C. can be used and the advantages inci- 
dent to the use of the hard fats secured, although to a somewhat lesser degree than when the 
shortening agent consists of the higher melting fat without appreciable admixture of liquid 
fat. Even when fats of a melting-point as low as 35° C. are employed, the amount of the 
shortening agent in proportion to the flour of the bread is but a fraction of the amount of 
liquid shortening agent required for producing the same shortening effect and need not 
exceed 5 lb. of fat to K80 lb. of flour and bread. Fats of higher melting-point require a cor- 
respondingly less proportion by weight of fat to flour to produce the same shortening effect, 
and, when the melting-point of the fat approximates 57° C. the amount of the fat may be 
diminished to say 2 lb. of fat to 880 lb. of flour of the bread. In fact, the higher the melting- 
point of the fat, the less quantity, in proportion to the flour employed, will be required to obtain 
a baked loaf of satisfactory shortness, moisture-content and keeping qualities. 

3961. In a modification of the process of making a shortening composition *• 
Kohman, Godfrey and Ashe heat flour to 200° C. or higher and atomize hydro- 
genated oil by means of a jet of air into the flour. To secure this admixture, the 
flour is sifted in at the top of a chamber into which the atomized oil is being 
introduced and on coming in contact with the colder particles of flour the hydro- 
genated fat is taken up by the flour. The latter remains in pulverulent condi- 
tion after cooling. By repeating this absorbing operation a number of times 

*• U. S. Pats. 1.242,883, and 1,242,884, Oct. 9, 1917. 
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upon the same body of flour, the latter will take up from one-tenth to one-fifth 
of its weight of the fatty material and yet remain in a pulverulent condition. As 
shortening material, this powder may be admixed with the requisite amount of 
flour and other materials used in making bread, thus introducing the shortening 
in a simple manner. 

3962 . Hydrogenated oil in the form of a powder is suggested by Atkinson 27 
as a shortener. Corn oil is hardened to a melting-point of about 148° F., and is 
ground in a mill having cooled rolls to give a fine powder. During the pulveriza- 
tion the temperature of the fat should be kept below its melting-point. The 
powder is stated to be particularly useful as a shortening composition for cereal 
baking products as it may be added to the flour or dough in definite quantities 
in lieu of lard, butter, or other solid or liquid shortening material and is more 
easily mixed with flour and dough than ordinary shortening fat or oil. 

3963 . An edible product containing hydrogenated oil and carbohydrates in 
the from of a powder or as a solid cake is described by Ellis. 28 

3964 . A shortening and leavening composition employing hydrogenated oil 
is suggested by Holbrook, 29 who finds it possible to incorporate the components 
of baking powder with thickened cottonseed oil to produce a composition which 
is stated to be stable and which, when mixed with flour and water to form 
dough, will serve both to shorten and leaven the mass. 

8966 . The cottonseed oil is thickened to the desired consistency in any suitable manner, 
but, preferably, by partial hydrogenation or by mixing it with from 6 to 10 per cent of hydro- 
genated cottonseed oil. Such a fat, it is asserted, will not become rancid and does not, as an 
animal fat or lard appears to do, more readily acquire rancidity when admixed with leavening 
ingredients. The fat should be quite free from water, and baking powder or leavening mate- 
rials, are intimately mixed therewith, either by stirring the leavening ingredients into the 
melted fat or mixing with the cold solid fat in a mixing machine. The fat and leavening 
materials are employed in such proportions that when the preparation is mixed with about 
8 parts by weight of flour and with sufficient water or milk to form dough and the mass baked, 
the product is properly shortened and leavened. Common salt for seasoning may be mixed 
into the preparation so that the baker need only add the composition to flour and water or 
milk to form the dough. Since the baking powder is embedded in the body of lard-liko fat it 
does not easily absorb moisture from the air and hence retains its gas-producing capacity 
indefinitely. The baking results attained are said to be superior to those effected by sepa- 
rately mixing the shortening and baking powder in the dough in the ordinary manner. The 
explanation offered is that the baking powder ingredients are embedded in the shortening 
fat and the development of the leavening gas is, for that reason, diminished or retarded in the 
cold dough, and hence more of the leavening action occurs when the dough is exposed to the 
heat of the baking oven. For this reason also, the preparation is considered to be more 
economical since by its use a smaller amount of the leavening agent is required. Thus, if 
baking soda is used in the preparation as the source of the leavening gas, the amount needed 
to properly leaven a given quantity of flour is stated to be about 25 per cent less than is 
ordinarily required, and the amount of baking acid required to react with the soda is likewise 
reduced. 

8966 . The leavening ingredients recommended are sodium bicarbonate and finely pul- 
verised acid phosphate such as mono-calcium or mono-sodium phosphate. Acid-phosphate, 
particularly mono-calcium and mono-sodium phosphate, are inexpensive and efficient baking 
acids, but they absorb atmospheric moisture and must, therefore, be especially prepared for 
use in ordinary baking powder. Thus, in a stable baking powder, mono-calcium phosphate 


27 U. S. Pat. 1,231,114, June 20, 1917. 

28 U. S. Pats. 1,276,507, 1,276,508 and 1,276.509, Aug. 20, 1918. 

29 U. S. Pat. 1,210,940, Jan. 2, 1917. 
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should be used in granular form (i.e., such that it will not pass through a 156-mesh sieve), 
rather than in pulverulent form (i.e., such as would pass through a 200-mesh sieve). But, 
since the leavening ingredients are embedded in a body of shortening fat, finely pulverulent 
acid phosphates can be employed in Holbrook’s preparation without detriment to its keeping 
qualities and with advantage in the baking results attained. Like the acid phosphate, the 
sodium bicarbonate and salt employed may be finely pulverized and dried. 

In preparing the composition, the materials and proportions by weight are, for example, 
as follows: 


Parts Parts 

Thickened cottonseed oil 7 Mono-calcium phosphate 1.25 

Sodium bicarbonate 1 Salt 1.0 

3967. The leavening and seasoning ingredients are dried, finely pulverized and intimately 
mixed with the thickened cottonseed oil either in the hot or cold state. The proportions 
given are such that 1 part by weight of the improved preparation will be sufficient to properly 
shorten and leaven dough containing 8 parts by weight of flour, which is stated to be the pro- 
portion in which common animal shortening fat or lard is generally used. 

3968. Shortening Emulsion for Food Products. 10 A fluid shortening mixture comprises 
45-60 per cent of lard, hydrogenated cottonseed oil or other suitable edible fat emulsified in 
water with sodium stearate and stearic acid in proportions which render the emulsion per- 
manent. 

3969. According to Bemegau, 11 fresh white of egg is treated at about 40° C. with freshly 
expressed pineapple juice (containing yeast cells), and the resulting liquid mixed with sugar, 
emulsified with fresh egg yolk, and sterilized by heating, yielding an emulsion suitable for 
blending with hydrogenated oils to produce an edible fat. 

3960. Poulenc Frfcres 11 claim that the hydrogenation of lecithin may be accomplished by 
the aid of common metals and their oxides, and at a temperature below that at which lecithin 
and hydrolecithin are decomposed, by having the catalyst in its most active condition, obtained 
by slow reduction in the case of the metals and by dehydration of the hydroxides at a low 
temperature in the case of the oxides; by vigorous stirring of the lecithin so as to expose 
continually fresh surface to the action of the hydrogen, and by working under increased 
pressure. 


OTHER EDIBLE PRODUCTS 

3961 . Edible oil preparation in "dry emulsion” form. U. S. Pat. 1,302,486, April 29, 
1919, to Dunham. Hydrogenated oils are mentioned as possible constituents. A chewing 
gum base is made by Dunham from rubber (with or without additions of chicle) and a hydro- 
genated oil such as hydrogenated peanut oil melting point 62° C. (U. S. Pats. 1,534,929 and 
1.534,831, Apr. 21, 1925.) 

3962 . Grun. U. S. Pat. 1,505,560, Aug. 19, 1924. A method of treating fata by con- 
verting them into mixed triglycerides, such as oleo-palmito-stearin. Among the fats so 
treated arc hardened oils. 

3963 . Epstein (U. S. Pat. 1,676,138, July 3, 1928) makes a food mixture suitable for pres- 
ervation by homogenizing wet pressed casein 80, cocoanut oil 18.7, hydrogenated cottonseed 
oil 1.3. 

3964 . Chilling and whitening lard compounds (with illustration), U. S. Pat. 1,036,628, 
Aug. 27, 1912, to Humphreys, assignor to Allbright-Nell Co. 

3966 . Production of stable cod-liver oil emulsions which deposit no sediment on keeping. 
(Schwarzkopf, Ger. Pat. 419,731, Mar. 1, 1924.) Sedimentation of cod-liver oil emulsions is 
prevented by the addition of hydroyenaUd fat, e.g., 1-2 per cent of hydrogenated marine animal 
oil is added to an emulsion containing 40 parts of cod-liver oil, 0.5 part of gum tragacanth. 
0.5 part of gum arabic, and 59 parts of water. 11 

10 Baker, U. S. Pat. 1.553,294, Sept. 8, 1925. 

11 Ger. Pat. 295,351, Mar. 24. 1914. 

12 French Pat. 478,193, July 22, 1914; J.S.C.I . , 1916, 1131. 

11 Supply 1926 , 218B. 
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In England one large concern is offering several grades of hardened fat rang- 
ing as follows: 



Iodine Number 

Melting-point 

°C. 

Titer 

A1 

50 

40-42 

36 

A 2 

85 

28-30 

32 

Cl 

60 

44 -46 

45 

C2 

75 

35-37 

36 



A German firm has marketed hydrogenated marine oils with these charac- 
teristics : 1 



Acid 

Number 

Saponifi- 

cation 

Number 

Unsaponi- 

fiable 

Iodine 

Number 

T 

3.5 

190.7 

0.33 

63.9 

T extra 

3.8 

190.5 

0.31 

36.1 

C 

3.8 

190.4 

0.41 

18.4 

C extra 

4.4 

188.4 

0.52 

10.4 


Fatty Acids 



Melting-point, 

°C. 

Titer 

Acid Number 

T 

38.5 

34.6 

199.7 

T extra 

45.5 

43.5 

199.9 

C 

48.5 

47.4 

198.9 

C extra 

51.8 

50.5 

199.9 


The next table gives more details concerning these fatty acids and those of 
two other similar products. 


Properties op the Fattt Acids of Hardened Fish and Whale Oil * (Knobre) 


Trade Name 

Appearance 

3 

E 

c 

C 

0 

1 
*-• 

.c 

1 

© 

Z 

«3 

- 

•2 

a 

as 

m 

a 

D 

!i 

T cs 
8 2 
z 

>» 

•* 

2 

a 

«c 

S 

a 

3 

1 

2 

3 

z 

-3 

o 

< 

e 

o 

ii 

■2 

J 

E 

3 

z 

u 

■ 

1 

f! 

u 

z 

| 

E 

3 

z 

S 

** 

6 

o 

8 

H 

$ 

P 

T fatty arid* 

Tallowy hard mass. 

m 


0.12 

0 34 


187.6 


15.4 

7.8 

69.0 

42.0 

O fatty acids 

Snow white. 

Odor, sweet. Hard. 



1 


99 . 54 

186.1 

208 8 

22 7 

9.1 

61.1 

43.0 

T fatty acids 

Crystalline. Snow 
white. 

0.21 


i 

0.71 

99.29 

187.1 




40.2 

41.2 

T extra fatty acids. 

Very hard. Tallowy. 

0 31 

0 05 

051 

0.87 

99 13 

189.3 


19 6 

9.9 

54.3 

m 

C fatty acids 

Tallowy. 

0 35 

0.08 

0 26 

0.69 


191.0 


13.1 

6.8 


19.6 

C extra fatty acids. 

Hard crystalline 
moss. 

0.15 

0. 10 

0.31 

0.56 

99.44 

193.0 

209.1 

16.1 

8.4 

8.9 

56.1 


1 Seifenfabrikant, 1912, No. 31. 
* Sci/en . 1914, 971. 



































CHAPTER XL 


USES OF HYDROGENATED OILS IN NON-EDIBLE PRODUCTS 

4000. By far the greatest consumption of non-edible hardened oils is in the 
manufacture of soap. Other, minor, outlets in non-edible products are in the 
leather industry for dressing leather, etc., in electrical work, for insulators, in the 
making of candles (fatty acids only), in paints to produce a flat finish, in phar- 
macy for ointments, and in miscellaneous uses such as the preparation of polish- 
ing and buffing materials. 


Hydrogenated Oils in the Soap Industry 

4001. The developments in oil hydrogenation have brought to the soap indus- 
try an innovation of fundamental importance in the domain of raw materials. 
The soap manufacturer, no longer well able to purchase the best grade of fats 
in face of the high prices paid by the margarine and other edible fat industries, 
has now at his disposal the means for utilizing lower grade materials in substi- 
tution for more costly stock. 

4002. By hydrogenation, oils which formerly made soaps only of soft con- 
sistency, now yield the more valuable hard soaps. This has led to a very rapid 
development of the art with respect to the production of soap-making fats. In 
particular, fish and w r hale oils have been made use of, because these oils may be 
completely deodorized by the addition of hydrogen. 

4003. When hydrogenated down to an iodine number of about 50, fish oil has 
the consistency of hard tallow and the odor of fish oil is wholly absent. For soap 
making this product is satisfactory as it complies with the test for a deodorized 
fish oil suitable for soap making in that the odor of the original oil is not appar- 
ent when ironing laundered goods on which such soaps are used. If, however, 
at least with the poorer grades of oil, the hydrogenation is not carried on to a 
point where the iodine number is approximately 50 or less, there is some danger 
that the fishy odor will become apparent during the ironing operation. It 
appears not improbable that unstable odor-forming nitrogenous impurities in 
fish oil add hydrogen during the hardening process and are transformed into 
bodies of a stable character. Moreover the current of hydrogen carries away 
other substances which contribute to the unpleasant smell of marine oils. 

4004. As exemplifying the character of fats offered by hydrogenators to the 
soap manufacturer as tallow substitutes we quote the analytical results shown 
in the following tables: 
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4005. Hydrogenated fats had to fight their way into the soap-making field 
against much opposition, though the resistance was not as strong or as bitter as 
that which sought to prevent their use in food products. 

4006. The opposition, though doubtless in part due to prejudice and conser- 
vatism, was chiefly based on genuine though temporary drawbacks. The degree 
of hydrogenation necessary to prevent the development of a fishy smell in goods 
laundered with hardened marine oil soap had to be ascertained. Hardened oil 
could not directly be substituted unit for unit for tallow. Soaps made from highly 
hydrogenated oils were deficient in lathering property. 

4007. All these drawbacks have now been overcome and immense quantities 
of hardened oils, including hardened whale oil, 3 are now used in soap manu- 
facture. 

4008. In the second edition of this work much space was given to the discus- 
sion of the utilization of hardened oils in the soap industry. Many formulas 
were offered for the preparation of different kinds of soap with various commer- 
cial types of hardened oils. This discussion is now unnecessary and much of it 
obsolete. Those who desire information of this kind are referred to the second 
edition and to the original articles cited in the footnote. 4 

4009 . Jamieson 4 states that hydrogenated oils aro particularly suitable for making soaps 
to be used for finishing textiles. 

4010. Darkening of Soap Made from Hardened OiL Smith and Wood fl 
report that, in soaps made from hydrogenated oils, the darkening on keeping 
decreased with increase in the degree of hydrogenation of the raw material. 

4011. Hirose 7 also writes of the relation between the properties of the soap 
and the degree of hydrogenation of the oil. The surface tension and lathering 
power of various soaps prepared from hydrogenated soya-bean oils were studied 
for the purpose of comparing the oils with beef tallow. Hydrogenated soya-bean 
oil having an iodine value of 60-69 is the best substitute for beef tallow for the 
manufacture of soap, although it differs somewhat in composition. The drop 

• In April, 1929, a whale oil cargo arrived in New York valued, according to the news- 
papers, at $2,000,000 and consigned wholly to one firm of soap manufacturers. 

4 Garth, Seifen. Ztg., 191 $, 1278, 1309. Heller, Seifenfabrikant , 191 $, No. 31. Schaal, 
Seifcn. Ztg., 191 $, 821, 846, 954, 979; ibid., 1913 , 173, and in his book, “ Die modeme Toilette- 
geifen-Fabrikation " (Augsburg), 1913. Full discussion and many formulas. Weber, Seifen. 
Ztg ., 1913 , 421. Cold process soap: return of fishy odor. Leimdorfer, Seifen. Ztg., 1913 , 
284, 310; idem , J.S.C.I. , 1914 , 206. Bergo, Seifen. Ztg ., 191 $, 1333; ibid., 1913 , 1220. 
Haleco, Seifen. Ztg., 1913 , 16. Hauser, Seifen. Ztg., 1913 , 141. Schuck, Soap Gaz. and Per- 
fumer , 1914 , 65, 419. Heller, Soap Gaz. and Perfumer , 1913 , 263. Ribot, Seifen. Ztg., 1913 , 
142. Knorre, Seifen. Ztg., 1914 , 806. MQller, Seifen. Ztg., 1913 , 1376; ibid., 1914 , 8. 
Lach, Seifen. Ztg., 191 $, 1245: Use of hardened Marine oils at the Fels-Naphtha works. 
Wilhelmus, Seifen. Ztg., 1914 , 257. Use of hardened linseed oil: on this subject consult 
also: Seifen. Ztg., 1913 , 1386, 1299; ibid., 1914 , 140, 167, 231. For the use of hardened castor 
oil see: Garth, Seifen. Ztg., 191 $, 1309, and Wilhemus, loc. cit. Other articles on the general 
question are found in Seifen. Ztg. passim and particularly: 191 $, 517, 660, 720, 1003, 1230; 
1913 , 312, 334, 368, 1277, 1299, 1386; 1914 , 8, 391. Kaxamovskii and Sixonenko, Maslo- 
boino-Zhir. Delo , 1938 , No. 5, 7; C. A., 1929, 33 , 3590. 

1 Textile Colorist , 1928, 80 , 19; Chem. Abet., 1928, 22, 1690. 

• Ind. and Eng. Chem., 1926, 18 , 7, 692. 

1 J. Soc. Chem. Ind., Japan, 1926, $ 9 , 203. 
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number and lathering power of the soap solutions vary with the progress of hydro- 
genation of the fatty oils used. Drop number and specific volume of lather 
diminish during the first stage of hydrogenation, then rise gradually to a maxi- 
mum when the oil has iodine value 60-69, beyond which they again gradually 
fall until the iodine value of the oil becomes zero. Iso-oleic acid formed during 
the hydrogenation has no injurious effect on the properties of the soap. Soaps 
made from unsaturated fatty acids show a fall of drop number with rise of tem- 
perature, whereas those made from saturated acids of high melting-point show 
the reverse effect, the maximum being generally at the temperature at which the 
solution becomes quite transparent. 8 

4012. The effect of adding castor-oil soap to soap made with hydrogenated 
herring oil was studied by Hirose. The drop number was slightly lowered. The 
lathering power was notably increased, the maximum being attained with 20 per 
cent castor-oil soap. However when more than 15 per cent of castor-oil soap is 
present the washing power is diminished. A formula recommended is: castor-oil 
fatty acid 2-3 parts, soap of hydrogenated herring oil 90 parts, castor-oil soap 
10 parts.® 

4013. Soap Making by Simultaneous Hydrogenation and Saponification. 10 

Soaps are made by saponifying soap-yielding materials, in presence of a hydro- 
genating agent, e.g., an alkali amalgam, or metallic hydrides or alloys — with or 
without a catalyst, e.g., reduced metals — or metal oxides, salts, or compounds. 
For example, a mixture of menhaden oil (566 parts) and whale oil (565 parts) is 
heated to 60° and emulsified with water at this temperature, and sodium amal- 
gam in lumps (1348 parts) is added gradually to the mixture. A vigorous reaction 
occurs, and after addition of all the amalgam the temperature is raised to 145°- 
160° for a time. When saponification is complete the soap is remelted with addi- 
tion of water, and salted out as usual; mercury from the amalgam settles out at 
the bottom of the vessel and is drawn off separately from the saline water and 
glycerol. 


Miscellaneous Uses of Hydrogenated Oils in Non-edible Products 

4014 . Brauer. Water-binding capacity of hardened fats. Seifen. Ztg., 1926, 63 , S30; 
Chem. Abst., 1927, 21 , 663. 

4016 . Hydrogenated oils are used by tanners for stuffing leather and other purposes. 
Fish and whale oil are especially suited for this purpose. A product low in fatty acids is 
desired, as any large amount of free fatty acid is regarded by the tanner as likely to cause 
the leather to spue. Lumbard 11 has called attention to the use of hardened linseed and 
cottonseed oils, in the German leather industry. Fat-liquor of satisfactory quality can be 
made from a mixture of hardened oil and a sulphonated oil. Sometimes tallow is added. 
Leather which has been fat-liquored with such compositions can be readily japanned (for 
patent leather) and the japan coating is sufficiently adherent. Hydrogenated whale oil is 
used as a substitute for moellon. It can be employed to best advantage in the harder types 
of leather. 

8 Brit. Chem. Abel., 1926 , 887B. 

9 J. Soc. Chem. Ind. % Japan, 1927, 30 , 122; Chem. Abat. t 1927, 21 , 1367. 

10 Brit. Pat. 255.508, Mar. 17, 1925, to Aische; Suppl. J.S.C.I. , Oct. 1, 1926, 795. 

11 J. Am. Leather Chemists , 1916 , 80. 
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4016 . A procedure given by Levinstein 11 relates to the production of compounds from 
hydrogenated saponifiable fats or oils and to the production therewith of compositions from 
waxes, fats, oils, or the like, which are soluble, miscible or emulsifiable in water without the 
addition of alkali. The compositions obtained are stated to be valuable in the preparation 
and treatment of leather, and in tho textile industries, as special finishes. 

4017 . In carrying this method into effect, hardened oils obtained by the hydrogenation 
of saponifiable fats or oils, such, for example, as hardened fish oil or hardened linseed oil, are 
treated under certain conditions with sulphuric acid. The sulpho compounds so obtained 
have the property of making mineral and other waxes, oils, fats, or the like soluble, miscible 
or emulsifiable in water. 

4018 . In order to obtain these sulpho compounds, hardened linseed oil, for example, is 
selected, and after melting is treated with sulphuric acid until a sample from the mass gives 
an emulsion with water, or until a washed sample practically dissolves in ammonia cal water. 
The ma89 is then poured into water previously heated to 30° C., when the sulpho compound 
will separate in the form of a white pulpy mass. 

4019 . The following is an example of how a sulpho compound may be obtained and 
how such compound may be used to produce a soluble composition with mineral wax: 

4020 . One hundred parts of hardened linseed oil are melted and then cooled to about 
35° C. under agitation. Twenty-five parts sulphuric acid (100 per cent H 4 SO 4 monohy- 
drate) are then added gradually and the temperature is kept between 40° to 45° C. until a 
washed sample is practically soluble in hot water. The whole is then run into a salt solution 
(10° Tw.) which has been heated to a temperature of 30° C., is well stirred, and then allowed 
to settle, after which the salt water is drawn off. Tho washing with salt water is again 
repeated until the mineral acid has been removed, or the mineral acid may be neutralised 
with alkali. The sulpho acid of hardened linseed oil, thus obtained, when melted and mixed 
with equal parts of paraffin wax gives a composition which is practically soluble in hot water 
without the addition of alkali. 

The hardened oils can be sulphonated when mixed with oils or greases, but the property 
possessed by the product of making waxes miscible or soluble or emulsifiable in water without 
neutralising the sulpho acid or without any addition of alkali, appears to be to some extent 
diminished . 11 

4021 . Hydrogenated oils and their soaps (metal salts) have found some appli- 
cation in the manufacture of lubricants. Their use is, chiefly, to confer body on 
a thin mineral lubricant. 

4022 . Lubricants produced from fatty (and mineral) oils by hydrogenation 
and polymerization in an electric field are described in Chapter LI of this volume. 
Ellis 14 produced a polymerized and hydrogenated oil by a different method, the 
chief object of which, however, was to produce a soap with free lathering proper- 
ties. The process is applicable to the manufacture of lubricants. 

4023 . The polymerization is carried out by protracted heating preferably in tho absence 
of air until the iodine number has been reduced to as low a degree as is feasible. This reduc- 
tion depends upon the oil which is being treated. Fish or whale oil may have the iodine 
number readily reduced by polymerisation to about 80 or 90. Such products usually still 
possess a fishy odor and by hydrogenating to an iodine number of 40 or 50 the odor is elimi- 
nated and, in some cases, the taste becomes fairly bland. Ellis has prepared soaps from 
such products and finds them to possess relatively good lathering properties and to yield 
soaps in other respects of quite satisfactory quality. 

4024 . Further details of the joint result of polymerizing and hydrogenating a fatty oil 
are described in a later patent . 14 Fatty acids and unsaturated oils such as the glycerides 
containing more especially two or more double bondings or olefine groupings are capable of 
polymerization at elevated temperatures resulting in a thickening of the oil due not so much 
to the formation of stearin as to the formation of oil complexes by the union of oil molecules 

» U. S. Pat. 1,185,414, May 30, 1910. 

x » Brit. Pat. 16.890. July 16, 1914; J.S.C.I . , 1915, 913; Chan. Abst., 1916, 10, 288. 

14 U. S. Pat. 1.151,002. Aug. 24, 1915. 

14 U. S. Pat. 1.178,142, Apr. 4, 1916. 
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one with another, usually denoted by a profound reduction of the iodine number and other 
changes. In this manner castor, fish, whale, cotton, corn, linseed, rape and tung oil and tho 
like may be polymerized to differing degrees and by such polymerization a thickening of the 
oil usually occurs which produces a body of viscosity that enables one to obtain by hydro- 
genation, a product containing a fatty derivative of good texture or consistency. The product 
may be used in making lubricants, or may be eulphonated by treatment with sulphuric acid or 
soaps may be prepared by saponification with alkalies. 

4025 . When catalyzers such as nickel are employed, it is preferred first to polymerize the 
oil at about 250° C. and then to reduce the temperature and harden by means of hydrogen 
at a temperature around 200° C. 

4026 . Hardened or hydrogenated oil produced by simple hydrogenation is not capable 
of yielding soaps having as free lathering qualities as often as desired, while some grades of 
the polymerized and hardened hydrogenated oil show superior lathering qualities when 
converted into soap. 

4027 . To remove the odor from fish and whale oil by hydrogenation requires a consid- 
erable conversion to stearin. Usually it is necessary to reduce the iodine number of fish 
oil to 40 or 50 in order to convert the unsaturated bodies such as clupanodonin which are 
supposed to be more or less odor-producing into more saturated or entirely saturated bodies 
rendering the oil free from disagreeably fishy odor. But hydrogenation to this point pro- 
duces so large a proportion of stearin which lathers freely as a soap only in very hot or boiling 
water that the product when used with cold or slightly warm water is deficient in lathering 
and consequent detergent properties. By polymerization the property of cold lathering 
existent in the soaps produced from normal fish oil is to a considerable degree present in the 
polymerized oils and any further hardening which may be desired and which is secured by 
hydrogenation does not impair these lathering qualities to any material degree in connection 
with the production of fats for making hard soaps. Hence, polymerization enables the pro- 
duction from oils and fats of a thickened or hardened product without the necessity of carry- 
ing hydrogenation forward to such a degree that the lathering properties of the soap are 
seriously impaired. 

4028 . The following procedure will serve to illustrate the foregoing: Whale oil was 
heated in an atmosphere of carbon dioxide for sixteen hours at a temperature between 250° 
and 270° O. The final product was viscous and the fishy odor was largely eliminated. The 
iodine number of the oil before heating was 135.5 and that obtained after heating had an 
iodine number of 89.7. The polymerized oil was treated with hydrogen in the prosence of 
nickel material as a catalyzer and a product was obtained which did not appear to have any 
very definite melting-point. Changes in temperature between quite wide ranges did not appear 
to affect the consistency very materially. It melted completely at about 37° C. and tho 
iodine number was found to be 65.9. A quantity of the whale oil which had not been poly- 
merized was hydrogenated under the same conditions and soaps prepared from both the 
products by saponification with alkali under like conditions. Tho soap obtained from the 
hydrogenated whale oil had almost no lather in cold water, while the polymerized and hydro- 
genated product gave a copious lather in water of the same temperature. The fats as well 
as tho corresponding soaps were free from any fishy odor. It appears to be an approximately 
correct statement that the lathering qualities of a soap depend on tho melting-point of the 
fats from which it is made. A soap made from oleic acid lathers rather easily in cold or slightly 
warm water, while that made from stearic acid requires a temperature of nearly 80° C. to 
develop a satisfactory lather. 

4029. Hydrogenated Marine Oil in Lubricant. Rolfsen 18 adds 0.5-10 per 
cent of hydrogenated marine (e.g., whale) oil to mineral oil to form a lubricant 
for internal combustion engines. 

4030 . Fox 17 notes that practically all the semi-drying oils are capable of use for lubri- 
cants, as they can l>e hydrogenized and converted into non-drying oils. He prepared a lubri- 
cating oil from hydrogenized soya-bean oil mixed with 14 per cent of mineral oil. A lubrica- 
ting grease, similarly made, was used in the gearbox of a motor car for nearly a year. 

16 Brit. Pat. 258,606, Nov. 17, 1926 (Norwegian date, Nov. 18, 1925); U. S. Pat. 1,717,939, 
June 18, 1929. 

17 J.5.C.7., 1918, 304R. 
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4031 . Ellin u incorporates hydrogenated oil and pulverulent material. The product 
may take either of two forms: (1) a solid cake or semisolid coherent mass and (2) a com- 
minuted or pulverulent product. The solid cake may be used for a variety of purposes such 
as buffing and grinding, lubricating, polishing and the like. A lubricating powder may bo 
made, for oxamplo, from equal weights of hydrogenated oil and graphite. A buffing or 
grinding composition may be produced from hydrogenated oil and an abrasive powder such 
as crocus or carborundum and emery. A tailor's chalk may be made by melting hydrogenated 
cottonseed oil of m.p. 60° C. with a quantity of talc. 

4031 . The hydrogenation process enables olein (oleic acid) to be prepared in two ways 
according to Du bo vita 19 either by treating hydrogenated fatty acids of a titer of 40 to 46 
in the usual way to separate stearin and olein or to hydrogenate cheap oil of high iodino 
number to bring the iodine number to about 80 or 90 or approximately that of olein, and 
saponify this product. The resulting olein contains only a few tenths of a per cent of un sapon- 
ifiable matter and a few per cent of neutral fat. The liquid fatty acid contains highly unsat- 
urated components in spite of the iodine number of 80 to 90. 

4033 . The application of hardened oils in the candle industry is noted by Bontoux 10 
who states that the operations of pressing or distillation, impose a limit on tho degree of 
hardening practicable. 

4034 . In splitting fats with aromatic sulpho-fatty acids, the color of the resulting product 
is improved by using partially hydrogenated castor oil, containing hydroxyl, for preparing 
the dissociating agent. One part each of hardened castor oil and naphthalene are ground to 
a powder and treated with 4 parts of commercial sulphuric acid at a temperature below 20° C. 
The resulting product is poured into 8 parts of water and the upper layer which forms is col- 
lected and used as a fat-splitting agent. 91 

4036 . Starrels 19 prepares fatty acids by hardening a fatty oil to a high melting-point, 
as, for example, to about 60° or 62° C., and an iodine number of from zero to 2 and thereby 
substantially completely converting the olein into stearin, also forming various isomers of 
high melting-point. 

4036 . The material is saponified by the Twitchell process or any of the other fat-splitting 
processes yielding glycerine and high melting-point fatty acids. The latter mixture is then 
dissolved in a solvent medium, as, for example, alcohol or gasoline, and, on cooling, the free 
fatty acids are separated in a state of purity, leaving in solution the greater part of tho color- 
ing agents. An example is the following: Corn oil was hydrogenated, using nickel catalyzer, 
until the melting-point was about 62° C. It was then subjected to the Twitchell process 
and the fatty acids obtained. These were brown in color. Approximately equal parts of 
denatured alcohol and the fatty acid were incorporated and heated to form a homogeneous 
solution which takes place rather readily at temperatures approaching the boiling-point 
of alcohol as the fatty acid is relatively soluble in alcohol. The solution was cooled until 
practically all of the fatty acid had separated, when tho material was pressed and a brown 
extract containing the hydrocarbons and coloring matters was removed leaving a white fatty 
acid of very high saponification value and acid number showing that the unsaponifiable mate- 
rial formed by hydrogenation had been eliminated. 

4037 . According to a method of the Reuter Process Co., 99 in the production of fatty acids 
by boiling glycerides with organic catalytic hydrolyzers, the hydrolysis is effected in a number 
of stages, in each of which stages a fraction of the total amount of hydrolyzer is added, the 
mixture being allowed to settle after each boil and a dark-colored intermediate layer of impuri- 
ties is removed, after which more hydrolyzer is added and boiling resumed. Air is excluded 
from the saponification tank. The fatty acids thus produced, and soap and candles made 
therefrom, after aging for ten days after making, do not darken substantially in color on 
exposure to air and light. Glycerides used in this process may be the following, separately 
or collectively: Beef and mutton tallows; horse, hog, and butter fats and their greases; 

19 U. S. Pats. 1,276,507, 1,276,508 and 1,276,509, Aug. 20, 1918. 

19 Seifen Fabrxkant, 1915, 137 and 157, Seifen. Zto., 1915, 459. 

90 Matikres Grasses, 1914, 4194; Seifen. Zt(j ., 1914, 987. 

91 Ger. Pat. 298,773, Vereinigte Chem. Werke, A.-G.; American Perfumer , 1918, 382. 

99 U. S. Pat. 1,209,512, Dec. 19, 1916; cf. t Brit. Pat. 155,782, Dec. 23, 1920. to same pat- 
entee; C. A. % 1931 , 1826. A further development is covered by Starrels’ U. S. Pat. 1,701,703 
according to which the fatty acids are esterified with alcohol and the esters distilled. Thus 
high-grade soaps may be prepared from low-grade oils. 

99 Brit. Pat. 9,394, June 26, 1915. 
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whale, menhaden, fish, cocoanut, peanut, linseed, cottonseed, palm, palm-kernel, and soya- 
bean oils; and the hydrogenation products of corn oil, linseed and cottonseed oils, fish 
oil, etc. 

4038 . Highly hardened oil such as a thoroughly hardened cottonseed oil is used by 
Ellis u to produce a flatting effect in paint compositions so that the surface will dry to a 
matt finish. 

4039 . Hydrogenated castor oil is used by Cordes 15 as an insulating or impregnating mate- 
rial for telephone condensers. In manufacturing these condensers, long strips of paper arc 
laid on strips of tin-foil, the two strips are then rolled up, and the coils thus formed are pressed 
into a rectangular shape and dried either with or without the use of a vacuum. The coils of 
paper and tin-foil are then mounted in frames, the frames with the coils thereon are placed 
in a vacuum-impregnating receptacle containing the hydrogenated castor oil and the coils 
are heated, for which purpose the receptacle has a heating jacket which receives steam at a 
pressure of about 2 atmospheres. The molten fat is in this way caused to penetrate between 
the paper and the tin-foil and the moisture is expelled by the heat in the form of bubbles. 
The vessel is subsequently sealed hermetically, and the extraction of moisture continues 
until the last trace has been removed from the paper, this part of the process occupying from 
two to four hours. After the moisture has been thoroughly extracted, cold water is introduced 
into the jacket. Owing to the high dielectric properties of the impregnating material, it is 
possible to obtain the same effects with condensers, which are only half as largo ns those 
necessary with the use of paraffin. 

4040. In pharmacy hydrogenated oils have been used in the preparation of 
liniments, ointments, cerates, plasters, suppositories and pessari es. Lackey and 
Sayre made an elaborate investigation of the pharmaceutical availability of 
hydrogenated corn oil. They note as an advantage the excellent keeping quali- 
ties of hardened oils. 16 

4041 . Hardened Oil as Vehicle in Oxidizing Oils. According to Eisenstein 17 linseed or 
other unsaturated oils are mixed with hardened sunflower oil so as to produce a solid. This 
is treated with an oxidizing agent, such as manganese resinate. After the completion of the 
oxfdation the oxidised product is separated by liquation. 

4042 . Ogawa and Nishiuchi. On the electrical uses of squalene hydrocarbon. Re s. 
Electro-lech. Lab., Japan, 1923, 143 . Hydrogenated squalene (from shark liver oil) is recom- 
mended as a high-grado insulating oil. 


14 U. S. Pat. 1,173,183, Fob. 29. 1916. 

M U. S. Pat. 1,241,926, Oct. 2, 1917. See also Nos. 1,276,507, 1.276.50S and 1,276,509 
issued Aug. 20, 1918, to Ellis. 

u J. Am. Pharm. Aeeoc., 1917, 6, 349. 

17 U. S. Pat. 1,564,33, Dec. 8. 1925; Chem. Abst., 1926, p. 515. 



CHAPTER XLI 


INDUSTRIAL HYDROGENATION OF NAPHTHALENE, ANTHRACENE, 
PHENANTHRENE AND THEIR DERIVATIVES 

4100. The quantity of naphthalene obtained as a by-product has been much 
in excess of any demand for the hydrocarbon. The products of hydrogenation 
of naphthalene have, however, several outlets as solvents, as fuels and as inter- 
mediates in the dye industry. Naphthalene and its immediate derivatives 
hydrogenate more readily than benzene and its compounds; with the additional 
feature of interest that when hydrogen is added in only one nucleus of the naphtha- 
lene structure there arise bodies which have properties both of those exhibited 
by the aromatic and the hydro-aromatic or alicyclic nucleus. In other words the 
hydrogenated nucleus resembles a fatty radicle in its reactions, whereas the non- 
hydrogenated nucleus manifests aromatic properties. 

4101. A reference to the processes given in paragraphs 2066-2071 shows that 
catalytic hydrogenation of naphthalene in the laboratory can be effected, with- 
out special difficulty, by most of the familiar procedures. All these methods, 
however, require a raw material of a high degree of purity, since the sulphur 
compounds present in commercial naphthalene, especially thionaphthene, poison 
the catalyst. The methods of purification used by the laboratory workers were 
not as desirable for industrial application. This was the situation when the block- 
ade having caused in Germany a shortage of motor fuels, solvents and lubricating 
oils, the attention of German industrial chemists was turned to the problem of 
hydrogenating naphthalene on a large scale. 

4102. Purification of Commercial Naphthalene. Evidently, methods of puri- 
fication of the crude naphthalene needed some simplification and cheapening. 
Various expedients were tried and the progress towards efficacy and simplicity 
can be followed by studying the methods described in the following paragraphs. 

4103. Purification by Fusion with Porous Material. 1 Naphthalene is hydro- 
genated by treating while in the fused state and at a temperature above 100° C. 
with hydrogen in the theoretical quantity and in the presence of a catalyst. 
Decahydronaphthalene or other less highly hydrogenated products are obtained, 
and these products are suitable as lamp, motor, and lubricating oils, etc. In an 
example, naphthalene is purified by fusion with fuller's earth or other porous mate- 
rial and, after separation, is mixed with a catalyst consisting of finely divided 
nickel precipitated on a porous material. The spongy mass so obtained is treated 

1 Chem. Abst 1920, 14 , 3674; Brit. Pat. 147,474, July 8, 1920, to Schroeter. 
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at a temperature of 120°-150° C. with hydrogen under 3-100 atmospheres pres- 
sure. 

4104. Purification by Fusion with Metal under Pressure. 1 2 Naphthalene to 
be hydrogenated is preliminarily purified by treatment in the fused state with 
finely divided metals such as nickel or iron, or with readily fusible metals or metal 
alloy such as sodium or potassium. The materials are stirred together in an 
atmosphere of hydrogen under pressure and maintained at a temperature of 
100° C., and the purified naphthalene is preferably distilled off under reduced 
pressure. 

4106. Purifying (Desulphurizing) and Hydrogenating Hydrocarbons. A 

process closely resembling that used for the treatment of naphthalene has been 
proposed for the simultaneous desulphurization and hydrogenation of such sub- 
stances as heavy mineral oils, naphthalene, anthracene, coal distillates and coal 
slimes. 3 The raw material is heated under pressure in an atmosphere of hydro- 
gen in the presence of sodium, potassium, rubidium or caesium. Fuller's earth, 
diatomite, carbon, magnesia or iron powder may be used to promote the reaction. 
From a mixture of coal and tar oil treated under 100 atmospheres pressure at 
430° C. motor spirit may be obtained. At 300° C. under 100 atmospheres pres- 
sure anthracene yields the decahydride and naphthalene the tetrahydride when 
treated with sodium and fuller's earth. 4 * 

4106. Mineral Oil Substitute for Use in Electric Switches and Transform- 
ers. 6 A modification of this process, or rather an application of it to tar oils, is 
for the purpose of producing an oil suitable for use in electric switches and trans- 
formers. It is also mentioned that agitation of lignite tar fuel oil with 6odium 
above 100° C. produces an oil suitable for use as a lubricant. 

4107. Purification by Fusion with Metal Compound of Non-acid Radical. 4 
Naphthalene to be hydrogenated is subjected to preliminary purification by 
fusion with a metal compound in which the metal is loosely bound to a non-acid 
radical, e.g., sodamide, potassamide or carbides such as aluminum or calcium 
carbide. The metal compound may be mixed with finely divided or porous ma- 
terials. 

4108. Purification in the Vapor Phase. 7 Naphthalene to be hydrogenated is 
preliminarily purified by treatment in the vapor phase with finely divided or readily 
fusible metals or metal alloys or with such metal compounds in which the metal 
is loosely bound to a non-acid radical; the purifying materials may be mixed 
with finely divided or porous materials such as fuller's earth. The naphthalene 
vapors may be passed through several layers of the purifying materials, or through 

1 Chem. Abet ., 1920, 14 , 3675; Brit. Pat. 147,476, July 8, 1920. Addition to 147.474, to 

Schrooter. 

3 Brit. Pat. 213,661, Jan. 2, 1923, to Hofsass and Internationale Bergin Compagnie voor 
Olio on Kolen-Chemie. 

4 Chem. Abet., 1924, 18 , 2426. 

6 Ger. Pat. 299,691, Feb. 7. 1927, to Tetralin G.m.b. H.; J.S.C.I., 1920, 39 , 440A. 

• Chem. Abet., 1920. 14 , 3675; Brit. Pat. 147,488, July 8, 1920. Addition to 147,474; U. S. 
Pat. 1,680,070, Aug. 7, 1928, to Schroeter. 

1 Schroeter and Tetralin Gee., Chem. Abst., 1920, 14 , 3675; Brit. Pat. 147,580, July 8, 1920; 
Ger. Pat. 299,012, Aug. 2, 1916; J.S.C.I. , 1920 , 743A. 



NAPHTHALENE , ETC. 


461 


the fused material maintained if desired in a finely divided state, as for example, 
in a “ lixiviating ” column; thus the vapors may be passed through a vessel filled 
with melted sodium and maintained at 150° C., and afterwards condensed and 
treated with hydrogen at a temperature above 100° C. in the presence of a nickel 
catalyst; or the vapors may be passed through a tower containing finely divided 
nickel or iron mixed if desired with fuller's earth, or through which liquid metals 
or metal alloys are maintained in circulation by means of a pump. By stopping 
the hydrogenation at the desired point, tetrahydronaphthalene may be 
obtained. 

4109. Purification in Solution . 8 Commercial naphthalene is dissolved in an 
organic solvent and after preliminary purification, and with or without removal 
of the solvent, is treated with hydrogen in the presence of a catalyst. Suitable 
purifying materials are finely divided or readily fusible metals or metal alloys, 
or metal compounds in which the metal is loosely bound to a non-acid radical, 
either alone or mixed with finely divided or porous materials such as fuller's 
earth. In an example, commercial naphthalene is dissolved in tetrahydronaph- 
thalene and treated with metallic sodium at a temperature of 150°-200° C.; 
after distillation from the residue the purified naphthalene in solution is treated 
with hydrogen in the presence of a catalyst. 

4110. Finally, a fairly simple and inexpensive procedure was adopted. This 
consists in “ stirring molten naphthalene at temperatures of about 150°-200° C. f 
with a small percentage of a highly absorbent substance, such as fuller's earth, 
kieselguhr, absorbent charcoal, talc, etc. In addition easily fusible metals such 
as sodium or potassium may be employed, in which case smaller quantities of 
the absorbent substance are required. Reduced metals, such as nickel or iron, 
naturally in a very finely divided condition, or substances like sodamide, calcium 
carbide, etc. — a metal combined with a non-acid radical — assist the purification 
of naphthalene up to a standard permitting subsequent hydrogenation. After 
a relatively short contact with the purifier the naphthalene is filtered from, or 
preferably, distilled off the spent material into the hydrogenation autoclaves. 
The pre-treatment may have been carried out in a hydrogen atmosphere, but if 
distillation be subsequently practiced this is effected in vacuo” 9 

4111. Purification of Naphthalene by Another Process. Guyot 10 describes 
a very different method for the purification of naphthalene to prepare it for 
hydrogenation. Naphthalene itself is unaffected by treatment at 100° C. with 
7 per cent of chlorosulphoacetyl chloride (HSO t CHClCOCl) but the sulphur 
compounds present as impurities are changed and rendered soluble in water, so 
that they can be removed by washing. Sodium hydroxide is added and the puri- 

8 Schroetcr, Brit. Pat. 147,747, July 8. 1920. Addition to 147.5S0; Chem. Ahst., 1920, 14, 
3675; Chem. Abst. % 1921, 15, 96; Ger. Pat. 299,013, Aug. 2. 1916; J.S.C.I. , 1920, 743A. 
Crude anthracene is purified by treatment with tetralin and an agent for removal of carbazole 
(e.Q., pyridine, potassium hydroxide or methylethyl ketone. Ger. Pat. 472,183, Feb. 6, 1922, 
to Deutsche Hydrierwerke A.-G. 

9 Chem. Aoe, 1922, 30, 4, 173. See German patents to Tetralin Ges. m. b. H. (B) 324,862, 
Aug. 1, 1915, and (C) 324,863, May 14, 1916. This process of purification and hydrogenation 
is described in Schroeter’s U. S. Pat. 1,582,310, Apr. 27, 1926. 

10 Chimie cl Industrie , Apr., 1928. Spec. No. 408; Chem. Ahst. % 1928, 22 , 4522. 
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fied naphthalene is distilled. 11 The reagent is prepared by the action of 100 per 
cent sulphuric acid on trichlorethylene: 

CHC1 : CC1, + HjS 0 4 = HSOiCHClCOCI + HC1. 


4112. Hydrogenation of Purified Naphthalene. Naphthalene treated as 
described in paragraph 4110 and showing no red coloration when rubbed with 
strong sulphuric acid is passed to the hydrogenation autoclaves. Simple distil- 
lation from the purifying vessels directly into the autoclaves has been stated to 
be the most suitable procedure. A proportion of a nickel catalyst, say 5 per cent, 
is added, and hydrogen passed under conditions of temperature and pressure 
of 200° C. and 15 atmospheres respectively. Hydrogenation is rapid at first, and 
as the reaction is exothermic, little or no heat is required to be supplied to the 
autoclaves, if sufficient heat insulation is provided to compensate for radiation 
losses from the surfaces of the autoclaves. Rapid agitation must be maintained 
in order to insure intimate contact between naphthalene, hydrogen and catalyst. 

4112A. Many types of autoclaves are possible, and detailed description is 
unnecessary, but since leakage of hydrogen around glands and stuffing boxes 
associated with mechanical agitation fittings, is very considerable and costly to 
the process, some of the types in which the stirring gear, motors included, are 
entirely enclosed, should be very useful. This is especially the case when the 
operations are to be effected at pressures around 15 atmospheres, since the prob- 
lem of hydrogen loss received great attention in the development of the oil-hard- 
ening process, where much lower pressures, and, presumably, much lower hydro- 
gen losses, obtained. 110 


4113 . Ellis 11 hydrogenates naphthalene and other aromatic compounds by circulating 
them in the liquid form, with heating, in presence of a catalyst and of hydrogen. The cat- 
alyst, which may be carried on granular charcoal, may be composed of nickel, cobalt, iron, 
platinum, palladium, with copper, manganese, titanium, molybdenum, vanadium, thorium, 
xinc or other oxides or silicides, with or without selenium or tellurium oxide. The importance 
of hydrogenation of naphthalene in the liquid state as a means of securing directly, notablo 
yields of decalin (decahydronaphthalene) has been pointed out by Lush (see para. 4120). 
An explanation offered by Lush of the selective hydrogenation of naphthalene leading to the 
production of tetralin (tetrahydronaphthalene) exclusively in the vapor phase and decalin in 
the liquid phase may be found in the different manner in which naphthalene is oriented at the 
nickel surface in the two cases. Thus in the liquid phase naphthaleno perhaps is oriented as in 
(I), and in the vapor phase as in (II), a difference sufficient to warrant the expectation of the 
formation of different compounds. 120 



(ii.) 

Vapor. 
✓ \ 

< 


< 

✓ 

\- 


Nickel Surface. 


11 French Pat. 602,408; Nov. 26, 1924, to Cio. de prod. chim. et 61ectrom6t. Alais, Fro- 
geset Cam argue. 

1,0 Ibid. % 174. See also Ger. Pat. 324,861, Feb. 25, 1915, to Tetralin G. m. b. H. 

11 U. 8. Pat. 1,345,589, July 6, 1920; Chem. Abat., 1920, 14 , 2645. 

J.S.C.I., 1927, 46 , 454T. Cf. para 413. 
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4114. Catalysts. In general, catalysts suitable for hydrogenation of oils 
may be used. The life of the catalyst depends on the degree of purification of 
the naphthalene. 

4116. The Tetralin G. m. b. H. favors nickel on a carrier of fuller's earth but 
has also patented a " nickel oxide ” catalyst from basic nickel carbonate which 
is said to have greatly enhanced activity. 

4116. The hydrogenation proceeds smoothly and quickly for the formation 
of tetralin, but the further hydrogenation to decalin requires higher temperatures 
and pressures and therefore more costly apparatus. 

4117. Oxide Catalysts in Hydrogenation of Naphthalene. The method for 
hydrogenating naphthalene in the presence of finely divided nickel is modified 
by replacing the nickel by more efficient catalysts consisting of mixtures of the 
oxides, hydroxides, or salts of metals, such as nickel, cobalt, iron, manganese, or 
copper, with or without suitable carriers. Tetrahydronaphthalene is rapidly 
produced in the presence of nickel carbonate, formate, or borate. 13 

4118. Wimmer 14 makes a catalyst by heating an organic salt, such as nickel 
formate, in a saturated glyceride with hydrogen. The product permits the reduc- 
tion of naphthalene at 180° C. f by hydrogen under a pressure of 15 atmospheres, 
to decahydronaphthalene. 

4119. Preparation of Tetrahydronaphthalene — Hydrogenation in the Vapor 
Phase. 16 A mixture of naphthalene vapor and hydrogen is passed over a mix- 
ture of nickel and copper oxides without employment of increased pressure; a 
smooth formation of tetrahydronaphthalene is observed at 140°-150° C. A modi- 
fied process involves the use of mixtures of the oxides of manganese, nickel, and 
copper, including such as are mainly composed of the first-named. In a third 
process, catalysts are employed in which the oxides of nickel, copper, or man- 
ganese are completely or partly replaced by an oxide of the rare earth metals, 
particularly thorium or cerium oxide. 

4120. Lush 16 describes the hydrogenation of naphthalene to tetrahydro- 
naphthalene by means of a nickel catalyst at a temperature sufficiently high to 
avoid condensation of the naphthalene on the catalyst. It has been found that 
if condensation occurs some decahydronaphthalene and by-products are also 
formed. 17 Lush conducted numerous experiments on the hydrogenation of 
naphthalene in the vapor phase at temperatures ranging from 100°-200° C. and 
found that tetralin was produced exclusively. Figure 94 shows the effect of tem- 
perature on the hydrogenation of mixtures of naphthalene and tetralin from which 
it will be noted that the percentage of decalin increases up to 200° C. At 230° 
dehydrogenation takes place. Figure 95 shows the effect of variation in hydrogen 
pressure, indicating an increased production of decalin with increase in pressure. 

13 Brit. Pat. 172,688, Aug. 11, 1920 (addition to 147,474), to Schroeter and Tetralin 
Ges. m. b. H.; J.S.C.l. , 1923, 42 , 8A. 

14 Wimmer. J.S.C.l. , 1920, 743A; Ger. Pat. 300,052, Mar. 14. 1915. 

14 Aktien Gesellschaft fQr Anilinfabrikation. Ger. Pats. 298,541, 298,553, 301,275; from 
Chem. Zentr ., 1921, ii, 559; J. Chem. Soc ., 1921, 119 and 120 , i, 333. 

l# Brit. Pat. 304,403, Nov. 4, 1927, to Tech. Research Works, Ltd., and Lush. 

17 Chem. Age (London), 1929, 20 , 188. See also paras. 2066-2069, this book. 
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A mixture of naphthalene and tetralin, allowed to flow over a nickel catalyst at 
160° C. and at various pressures, yields decalin in notable proportion, ranging 
from 9.2 per cent at atmospheric pressure to yields above 40 per cent at a pressure 
of 300 lbs. See Figure 96. From the foregoing Lush has drawn the following 
conclusions: (a) When naphthalene is catalytically hydrogenated in the vapor 
phase tetralin is formed exclusively. (6) When either liquid naphthalene or 
tetralin is hydrogenated at the same temperature and pressure decalin is 

formed, (c) The effect of hydro- 
gen pressure on the decalin thus 
obtained is such as leads Lush to 
the conclusion that decalin would 
not be formed in the vapor 
phase. 170 

4121. Hydrogenation of 
Crude Naphthalene, Sodium 
Catalyst. A process of some 
promise is disclosed in French 
Pat. 559,787 and described by 
Guyot. 18 Crude naphthalene can 
be hydrogenated to tetrahydro- 
naphthalene at 300° C. under a 
pressure of 100 atmospheres of 
unpurified hydrogen, in presence 
of metallic sodium as a catalyst. 
It is, however, essential that the 
reactants be dry. Sodium is 
unaffected by the usual catalyst 
poisons, which should be true, 
also, of all catalysts which are 
liquid at the operation tempera- 
ture, provided there is brisk agi- 
tation and also that an inert 
material is present to give large 
contact area, e.g., magnesia or 
kieselguhr. Potassium alone is 
a poor catalyst, but the potassium sodium alloys are exceptionally active. The 
alloys can be prepared by fusing sodium at 250°-360° C. with the equivalent of 
potassium hydroxide. 

4122. Iodine as Catalyst. 19 Naphthalene when heated for one hour with 1 per 
cent of iodine at 550° C. in presence of hydrogen at about 170 atmospheres pres- 
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Temperature, °C. 

Fig. 94. — Hydrogenation of Mixtures of Naph- 
thalene and Tetralin. 

Effect of temperaturo (Lush, J.S.C.I., 1927, 46.454T.) 


170 J.S.C.I. , 1927. 46 , 454T. Cf. para. 4113, also para. 413. 

18 Chimie cl Industrie, 1928, Apr. Spec. No. 410; Chcm. Abst., 1928, 22 , 4522. Contrast 
para. 4127. Ger. Pat. 473,457, May 7, 1925; Chem. Abst., 1929, 23 , 2986. See also para. 
2066, this book. 

18 Fischer and Niggemann, Ges. Abhandl. eur Kenntnis der Kohls, 1917 , I, 231-236. 
Chem. Zentr., 1919, 90 , II, 585-586. 
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sure is completely liquefied to an oil with a bluish fluorescence with simultaneous 
separation of a “ mirror 99 of carbon, the separation of carbon being favored by 
an excess of pressure. Under 50 atmospheres hydrogen pressure separation of 
carbon begins above 800° C., with 50 atmospheres at 800° C., 100 atmospheres 
at 550° C., and 170 atmospheres below 550° C. The hydrogenized oils so pre- 


pared solidify after standing 
for several days. 

4123. Berginization of 
Naphthalene, Anthracene, etc. 
According to Spilker and 
Zerbe 20 treatment of naphtha- 
lene in an autoclave with hy- 
drogen at 100 atmospheres 
(initial) and 470° results in 
transformation of about one- 
third into hydronapthalenes, 
mostly tetralin. At lower tem- 
peratures and pressures less is 
attacked; at higher tempera- 
tures, hydrobenzenes and other 
decomposition products are 
formed. Similar results are 
obtained in presence of alumi- 
num chloride, the yield of 
higher-boiling products being 
somewhat greater. Hydrogena- 
tion of anthracene at 450° and 
initial pressure of 75-80 atmos- 
pheres yields a completely 
liquid product of mixed hy- 
droanthracenes. Phenanthrene 
and acenaphthene under the 
same conditions yield 30 and 90 



per cent respectively, of hy- 


Pressure in lb. per sq. in. 


drogenated liquid mixtures. Fio. 95. — Hydrogenation op Mixtures of Napii- 


Fluorene yields 30 per cent 
of liquid hydrofluorenes when 
treated at 465°; carbazole re- 


thalene and Tetralin. 
Effect of pressure. Temperature, 200°. 
J.S.C.I., 1927, 4G, 454T.) 


(Lush, 


mains unattacked under the same conditions. 21 


4124. Optimum Conditions for Naphthalene, etc., Hydrogenation. Accord- 
ing to Kling and Florentin the optimum conditions for hydrogenation by bergi- 
nization of naphthalene are a yield of 10 per cent per hour at 100 kilograms per 
20 Z. angew. Chem., 1926, 39, 1138. These studies were continued by Hofmann and Lana 
( Brennstoff . Chem., 1939, 203) who worked on benzene, toluene, cyclohexane, cyclohexene, 
ethylene, and pyridine. 

11 Brit. Chem. Abst., 1920, 939B. 
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cm. pressure and 485° C. For anthracene the temperature is 440° C. The 
reaction can be accelerated by catalysts.” 

4124A. Hugel and Friess 23 were unable to confirm Kling and Florentines 
observation 24 that naphthalene can be hydrogenated by berginization without 
catalysts. 

4126. Kling and Florentin described the hydrogenation of naphthalene (and 
anthracene) at high pressure and at high temperature in presence of non-hydro- 
genating catalysts. The catalysts were aluminum chloride and ferric chloride; 

the threshold temperature of 
hydrogenation varied somewhat 
with the pressure. 26 

4126. Prudhomme 26 passes a 
mixture of naphthalene vapor 
and hydrogen or water-gas 
through a tube packed with 
Laming’s material at 190°- 
225° C., then over nickel-pumice. 
The product, which varies with 
the conditions, consists of by- 
dronaphthalenes from dihydro- 
to decahydronaphthalene. 

4127. Non-catalytic Hydro- 
genation of Naphthalene and 
Its Derivatives. 27 One process 
utilizes the hydrogen generated 
by action of water on sodium. 
Water is allowed to act slowly 
on a mixture of alkali metals 
with a solution of naphthalene or 
its derivatives in an indifferent 
solvent. For example, by slow 
addition of water to a mixture of 

Fio. “--Htmooehatxok r or of Naph- hthalene and meta llic sodium 

THALENE AND 1ETRALIN. . r 

Effect of pressure. Temperature. 160°. (Lush, ln solvent naphtha at 145°, tetra- 
J.S.C.I. 1927, 46, 454T.) hydronaphthalene is obtained. 

When a mixture of aliphatic hy- 
drocarbons of boiling-point 115-120° is used in place of solvent naphtha, dihydro- 
naphthalene is obtained. or-Naphthylamine is similarly hydrogenated to tetra- 
hydro-a-naphthylamine, and 0-naphthol ethyl ether to tetrahydro-0-naphthyl 
ethyl ether, an oil, boiling-point 155°/128 mm., having a pleasant odor. It is 

« Bull. Soc. Chim., June, 1927. 

11 Bull. Soc. Chim., 1927, 41, 1185; Chem. Abet., 1928, 22, 416. 

24 Para. 4124. 

M Compt. rend., 1927, 1S4, 822. 

M French Pat. 599,827. May 19, 1924; Brit. Chem. Abet., 1929, 300B. 

17 Gcr. Pat. 370,974 to Chem. Fabr. Grioaheim-Elektron. 
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identical with the product obtained by ethylation of tetrahydro-/3-naphthol. ,a 
This process is not only more versatile than the catalytic method, but, presuma- 
bly, demands less purification of the raw material. 

4128. Non-catalytic Hydrogenation of Naphthylamine. 19 One process 
depends on the action of alkali or alkaline-earth metals and alcohols on isocyc- 
lic or heterocyclic bases in the presence of an inert solvent; the alcohol is pref- 
erably added at the same rate as it is used in the reaction. Thus tetrahydro-o- 
naphthylamine is formed when a solution of o-naphthylamine in alcohol is added 
to a mixture of solvent naphtha and sodium at a temperature above 130° C.; 
with a solvent of lower boiling-point, such as toluene, dihydro-a-naphthylamine 
is obtained. [2-Methylquinoline when hydrogenated at above 130° C. yields 
tetrahydro-2-methylquinolineJ. 30 

4129. Other aromatic isocyclic and heterocyclic compounds, in addition to 
bases, can be reduced with alkali or alkaline-earth metals and alcohol in the 
presence of an indifferent solvent. The process is easily regulated and can be 
stopped at any point by withholding further addition of alcohol. Thus, tetra- 
hydronaphthalene is obtained from naphthalene, sodium, and alcohol in the pres- 
ence of solvent naphtha at 140°-150° C. [and tetrahydrodiphenyl, boiling 
247°-249° C.bio 115°-118°, from diphenyl, sodium, alcohol, and solvent naphtha 
at 140°-150° C.]. Acenaphthene yields tetrahydroacenaphthene.* 1 

4129A. Hydrogenation of naphthalene at high temperatures, according to 
Schmidt, results in a break-up of the nuclei with formation of benzene.** Ben- 
zene and its nearest homologs are manufactured from higher homologs, poly- 
nuclear aromatic hydrocarbons, hydroaromatic and heterocyclic compounds, 
by bringing the compounds into intimate contact with hydrogen in the presence 
of a catalyst containing at least one element from the group, iron, cobalt, nickel, 
molybdenum, vanadium, tungsten, manganese and chromium, at a higher tem- 
perature than is required for the formation of compounds hydrogenated only in 
the nucleus. 33 


References on Hydrogenation of Naphthalene 

4130 . Naphthalene, von Shopnik, Chem. Ztg., 1927, 51 , 211. Production of naphthalene 
described in detail from coal tar to purified hydrocarbon. 

4131 . Preparation of tetralin and decalin. Inoue, J. Chem. Ind. (Japan), 1923, 26, 
1319-29. 


28 Chem. Zcnlr ., 1923 , 539. Contrast para. 4121. 

99 Bayer 4c Co.'s Ger. Pat. 305,347, 1918. 

*° Chem. Abst ., 1919, 13 , 325. Tetrahydro-iV-ethyl-a-naphthylamine is prepared by cata- 
lytic hydrogenation of W-ethyl-a-naphthylamine, in presence of nickel, at 130° C. and 30 atm. 
(Swiss Pat. 130,423, Apr. 8, 1927 to S. A. Ind. chim. BfUe). 

81 Ger. Pat. 306.724 (addition to 305,347) to Bayer & Co.; Chem. Abat., 1919, 13 , 611. Seo 
also paras. 2072-2085, this volume. 

” Can. Pat. 268.282, Feb. 8, 1927. 

** Chem. Abat., 1927, 21 , 1660. 
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Hydronaphthalenes 

4132. The products of the catalytic hydrogenation of naphthalene are tetra- 
hydronaphthalene and decahydronaphthalene.* 4 These may be obtained mixed 
or pure. The separation is best effected by sulphurous acid which combines 
with and removes the unsaturated tetrahydroderivative, the saturated decahy- 
dronaphthalene remaining unaffected. 

4132A. The manufacturing cost in the United States is such that com- 
mercial tetrahydronaphthalene, or tetralin, cannot be produced at a price com- 
petitive with benzol, toluol, and solvent naphtha. Tetralin is made only on a 
comparatively small scale in this country and doubtless could be produced at 
much lower cost were the demand to increase in a substantial way. 


Properties of the Hydronaphthalenes 


4133. The hydronaphthalenes are water-white, pleasant-smelling, limpid 
liquids, and possess the following characteristics: 



Tetrahydronaphthalene 

“Tetralin” 

Decahydronaphthalene 

“Decalm” 

Boiling-point 

205°-207° C. 

185°-187° C. 

Specific gravity 

0.97-0.98 

0.89-0.90 

Flash-point 

78° C. 

i 

60° C. 



The tetrahydro derivative, of the structural formula below is unsaturated, 
contains still one benzene nucleus open to substitution with halogens, nitro 
groups, alkyl radicals, etc. It is attacked by both sulphurous and sulphuric acid, 


CH 2 CH 

CHa k/ c V 

CH 2 CH 

Tetrahydronaphthalene 


ch 2 ch 2 
ch 2 /\:h' / '\ch2 

ch 2 I s ^ch n ^ch2 

ch 2 ch 2 

Decahydronaphthalene 


as well as by nitric acid in the formation of nitrotetrahydronaphthalenes. Deca- 
hydronaphthalene, on the other hand, is fully saturated and behaves exactly 
like a cycloparaffin, being incapable of forming substitution derivatives in the 

14 According to Ger. Pat. 324,861 to Tetralin Ges. m. b. H., no decahydronaphthalene is 
formed until the conversion to tetrahydronaphthalene is complete; J.S.C.I . , Apr., 1921, 
253 A. Using platinum sponge. WillstAtter and Seitz obtained decahydronaphthalene directly. 
Ber., 1923, 56B, 1388; Chem. Abel., 1923, 17, 3334. See also I. G. Schroeter (with F. 8tahl, H. 
Haehn, and C. Priggo). AnnaUn , 1922, 426, 1-17; J.S.C.I ., 1922, 41, 133A; also Ber., 
1921, 54, 2963; J. Chem. Soc., 1922, 121 and 122, i, 122. See also paras. 2066-2071, this 
book. 
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way aromatic compounds do, and unattacked by mineral acids in the cold. It 
is therefore from tetralin that useful intermediates can be produced. Decalin 
is probably, however, the better general solvent and motor fuel component.* 6 


Tetralin 88 

4134 . Tetralin is a water-white liquid with a boiling-point of 206° C. 
(402.8° F.) and a specific gravity of 0.975, flash-point 80° C., freezing-point 
- 25° C. 

4135 . There are two known tetrahydronaphthalenes: one is formed by the 
action of phosphorus and hydriodic acid on naphthalene, this is the 1 : 4 : 5 I 8 
tetrahydronaphthalene; the product obtained by the direct hydrogenation of 
naphthalene in the presence of a catalyst is the 1 : 2 : 3 : 4 compound. 

4136 . Tetralin is a very stable chemical compound even at its boiling-point. 
It can be sulphonated or nitrated. The sodium sulphonate has a number of inter- 
esting possibilities. Tetralin does not mix directly with water, but will readily 
incorporate with solutions of soap or soluble oil. Such solutions are, however, not 
perfect and a separation takes place after standing for some length of time. A 
slight agitation causes the substances to emulsify again very readily, but before 
a really stable emulsion of this sort can be prepared there must be some addition 
of hexalin or methylhexalin which will act as a homogenizing agent. 

4137 . Tetralin is non-poisonous, non-explosive and practically non-inflam- 
mable. Experiments conducted in Europe show that even with a considerable 
internal dosage of tetralin only slight toxic symptoms are observed. 87 


4138. Comparative Boilino-pointh Expressed in Degrees C. 


Acetone 56.0 

Alcohol, absolute 78.0 

Alcohol, methyl 60.0 

Toluol 111.0 

Spirits of turpentine 160.0 

Benzene 80.4 

Carbon tetrachloride 76.74 

Pyridine 114.5 

Tetralin. 206.0 


4139 . Tetralin is a good solvent for many organic compounds including cam- 
phor, fats, oils, waxes, resins and caoutchouc. It also dissolves sulphur and 
picric acid. It does not dissolve shellac or the phenol-formaldehyde resins. It 
forms a clear solution with 3 parts of glacial acetic acid and is miscible in all 
proportions with alcohol, ether, petroleum ether, and chloroform. 

“ Chem. Age (London), 1922, 30, 4. 175. 

u Derived largely from material kindly communicated by Newport Chemical Works, Inc., 
Passaic, N. J. 

17 C/. Para. 4158. 
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4140. The following table shows the solubility of ordinary beeswax in a few 
different solvents. 

Tests at Room Temperature (22.5° C. f or 72.5° F.) 


Solvents, 100 Cc. 

Amount of Beeswax 
Dissolved, Grama 

Remarks 

Linseed oil 

0.6 

Clear. 

Carbon tetrachloride 

4.88 

Clear. 

Hydroterpine 

2.92 

SliRhtly cloudy. 

Tetralin 

6.8 

Clear. 

Hexalin 

0.8 

Clear. 

Isopropyl alcohol 

0.72 

Milky. 

Ethyl alcohol, C. P 

0.4 

Cloudy. 

Benzol, 90 per cent 

7.04 

Clear. 

Methyl hexalin 

0.52- 

Cloudy. 

Turpentine 

1.48 

Clear. 


These differences in solubility preserve approximately the same ratios as the 
temperature is increased. 

Decaux 

4141. In the hydrogenation of naphthalene into tetrahydronaphthalene 4 
atoms of hydrogen are introduced, as the name implies, whereas in decahydro- 
naphthalene there is a complete saturation with hydrogen, and the resulting 
compound is, therefore, not easily susceptible of chemical reactions. Decalin 
has a boiling-point of 188° C., a flash-point of 57° C. and a specific gravity of 
0.895. Decalin, like tetralin, evaporates without leaving any residue. It pos- 
sesses a somewhat higher evaporating speed than tetralin. It is a transparent 
liquid with a mild odor, and serves as a suitable thinner. It will not cause any 
discoloration even in white lacquer. On account of its high solvent power it has 
been suggested for use in various forms of paint and varnish removers. Decalin, 
like tetralin, can be brought into watery solution by the use of a small addition 
of hexalin soap. 

4142. Derivatives of Tetralin. Tetralin as a source of intermediates for the 
dye and fine chemical industry merits attention. The unhydrogenated benzene 
nucleus reacts in a manner almost identical to that shown by benzene itself. 
The derivatives have been carefully examined both by the chemists of the Tetra- 
lin Company and by independent observers. Thus, Rowe has prepared many 
acyl tetrahydronaphthalenes 18 and has found them capable of use in the pro- 
duction of dyestuffs. 

4143. The sulphonic acid of tetrahydronaphthalene is easily prepared by 
direct sulphonation with 100 per cent sulphuric acid at a relatively low tempera- 
ture. From the 2-sulphonic acid thus produced, the corresponding naphthol 
can be easily obtained in the ordinary manner, fusion with caustic alkalies, and 
subsequent acidification. Tetrahydronaphthalene-2-naphthol is of use as a dis- 

*/. Soc. Chem. Ind., 1920, 14 , 241, T. 
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infectant. The sulphonyl chlorides are likewise easily prepared, and both the 1 
and 2 derivatives can be obtained in a pure state, and the corresponding sul- 
phonic acids, amides, anilides, thio-naphthols, etc., obtained by suitable reac- 
tions. From the thio-naphthols by a simple series of reactions involving conden- 
sation with chloracetic acid, tetrahydrothio-naphthyl indigo can be obtained. 

4144. Halogens form substitution products, just as with benzene or naph- 
thalene. 

4146. The action of nitric acid upon the hydrocarbon is of fundamental 
importance, and mononitro, dinitro and trinitro derivatives have been obtained. 
It is scarcely necessary to indicate the possibilities of development here for 
reduction, etc., may lead to a great number of products. Thus, amines, azo 
and hydrazo derivatives, hydroxyamines, benzidenes, etc., result on applying the 
usual reactions. The use of the hydro-naphthols or the napthylamines in the 
production of azo dyestuffs is of great promise; and in short, the reactivity of 
the unhydrogenated part of the naphthalene structure nucleus is as yet unex- 
plored, except for a few incursions, but these, so far as they go, have revealed a 
land of exploration to the dye-maker.* 9 

4146. Nitro-derivatives of Tetrahydronaphthalene. The production of these 
is described in Ger. Pats. 299,014 ( J.S.C.I. , 1920, 174A), and 326,486, 
March 17, 1916, to Tetralin Ges. m. b. H. 40 

4146A. The use of these nitro-derivatives in explosives is claimed by 
Schrauth. 41 

4147. Nitration of Decahydronaphthalene. Decahydronaphthalene is slowly 
converted by boiling nitric acid ( d 1.2) into tert.-nitrodecahydronaphthalene, 
b.p. 96°-97°/2 mm., from the residue, after the fractionation of the tertiary 
decahydronaphthalene, crystals of dinitrodecahydronaphthalene, m.p. 164°, are 
obtained. The hydrochloride when boiled for twenty-four hours with potassium 
nitrite yields an octahydronaphthalene, b.p. 88°-89°/1.4 mm., the residue from 
which yields tert.-decahydronaphthol, m.p. 65°. a-Nitrodecahydronaphthalene, 
b.p. 108°-109°/14 mm., yields on oxidation a-decahydronaphthalone. [Namet- 
kin and Madajeva-Sitscheva. J. Russ. Phys. Chem. Soc. t 1926, 67, 382; Brit. 
Chem. Abst., 1927, 234A.J 

4148. Beta-tetrahydronaphthyl methyl ketone preparation from tetrahydro- 
naphthalene, in carbon bisulphide solution, by the action of acetylchloride in 
presence of aluminum chloride is described by Hesse. [Ber., 1920, 63B, 1645; 
J. Chem. Soc. f 1920, 117-118, i, 851.] 

4149. Hydrogenated Anthraquinones. 4 * For the production of hydrogen- 
ated anthraquinones tetrahydronaphthalene or its derivatives are treated, when 
gently heated, with anhydrides of aromatic o-dicarboxylic acids, especially 
phthalic anhydride in the presence of aluminum chloride and with addition of 
benzene and similar diluents. The a-ketocarboxylic acids formed are changed 

" Chem. Age (London), 1922, 30, 170. 

40 J.S.C.I., July 15, 1921, 463. 

41 Ger. Pat. 300,149, Mar. 21, 1916; J.S.C.I ., 1921, 40 , 829A. 

41 Ger. Pat. 346,673 to Tetralin Ges. m. b. H. 
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into hydrogenated anthraquinones by condensing reagents, particularly fuming 
sulphuric acid. 4 * 

4160. Preparation of organic phosphorus compounds [from hydronaphtha- 
lenes]. Ger. Pat. 452,064, Nov. 5, 1927, to Cassella and Co. 

4161. Aromatic Tetrahydronaphthylamines and Derivatives. 44 These deriva- 
tives are obtained by submitting AT-substitution products of a naphthylamine 
to catalytic hydrogenation. If the derivative is an AT-acyl-naphthylamine, the 
corresponding tetrahydronaphthylamine is obtained by saponifying the hydro- 
genation product. The individual products are directly obtained, and the process 
is an improvement on that in which the tetrahydronaphthalene is nitrated and 
then reduced, and the isomerides separated. Examples are given of the treat- 
ment of A^-ethyl-a- or /3-naphthylamine, acetyl-a- or /3-naphthylamine, acetyl- 
ated AT-ethyl-a-naphthylamine, and tf-phenyl-a-naphthylamine. 46 

4162. Cyclic Ketones from Tetralin. According to Riedel 46 alpha-keton:c 
derivatives, useful as solvents for nitrocelluloses and as intermediates for syn- 
theses, may be made from tetrahydronaphthalene and its derivatives by oxida- 
tion with chromic acid. 

4163. Alpha-ketones from Alpha-naphthoL Alpha-naphthol and iso- or 
hetero-nuclear substituted alpha-naphthols, melted, or dissolved in tetralin, 
hydrogenated at 120°-180° C. under a pressure of 10-20 atmospheres in presence 
of nickel on kieselguhr yield alpha-keto-substituted naphthalenes. 47 

4164. When alpha-naphthol is reduced by means of 2 molecules of hydro- 
gen at 200° C. in the presence of nickel, the product consists of about 10 per 
cent of alpha-ketotetrahydronaphthalene, 25-30 per cent of ar-tetrahydro-alpha- 
naphthol and a large quantity of tetrahydronaphthalene. At low temperatures, 
the ketone is the main product, and it seems probable that it forms an inter- 
mediate stage in the production of the hydrocarbon. On reduction by means of 
sodium and alcohol in moist ether, the ketone yields oc-tetrahydro-alpha- 
naphthol. Ac-tetrahydro-beta-naphthol is the chief product of reduction (by 
the catalytic method) of beta-naphthol. 48 

4166. A condensation product is made by heating [naphthalene or] a hydro- 
naphthalene with aluminum chloride under pressure at a temperature not below 
50° C. and distilling the mixture. 48 

4166. Condensation products can be made between lower aliphatic acids 
and aromatic compounds. Among the latter are hydrogenation products of 
polynuclear hydrocarbons. 60 

« Chem. Abst., 1923. 17, 1246. 

44 Brit. Pat. 276,571, Feb. 24, 1927, to Imray (from Soc. Chem. Ind., Basle). 

44 Chem. Aoe (London). 1927, 17, 431, 311. Note para. 4128 

44 Ger. Pat. 397,150, Nov. 20, 1920, addition to 346, 948. 

47 Ger. Pat. 352,720 to Schroeter and Tetralin Gee. m. b. H.; Chem. Abst., 1923, 17, 
1245. 

*G. Schroeter, with Svanoe, H. Einbeck, H. Geller and E. Riebenaohm; Annalen, 1922, 
416, 83-160; J. Chem. Soc., 1922. Ill, i. 127. 

• Can. Pat. 276,270, Dec. 13, 1928. to Michel. 

u Brit. Pat. 283,864, Jan. 17, 1927, to Chem. Fabr. Milch A.-G. (assigned to Oranien- 
burger chem. Fabr. A.-G.). 
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4157. Solubility of Tetralin in Liquid Sulphur Dioxide. Fontein 61 finds that 
the statement by Zerner and others that toluene and tetralin are not completely 
miscible with liquid sulphur dioxide at temperatures below 21° C. is incorrect. 
The clouding and deposition of crystals which may be observed are due to the 
presence of water in the sulphur dioxide. When the latter is dry, it is completely 
miscible with the substances named, at — 20° C. The tetralin used must be dis- 
tilled to free it from oxidized products. 

4157A. Purification of sulphonated hydronaphthalenes. Petroff, Brit. Pat. 
284,859, Illustr. Off. J., 1928, 849; Pine Inst. Amer. Abst., 1928, 2, 5, 82. 

4168. Fate of Tetrahydronaphthalene in the Organism. 11 Tetrahydro- 
naphthalene may be absorbed in appreciable quantities by inhalation. As a result 
of feeding this substance to rabbits there was isolated from the urine an optically 
active (dextrorotatory) compound of the composition CioHuO; evidence is 
adduced to show that this is probably oc- 0 -tetrahydronaphthol ; from the urine 
of dogs treated similarly, the only product obtained was dihydronaphthalene, 
and it is assumed that in this case the earlier metabolic product was ac-a-tetra- 
hydronaphthol, which substance would lose water with great ease to give dihy- 
dronaphthalene.” 

4159. Surface Tension of “ Tetralin,” “ Decalin,” and Lubricating Oil. The 
surface tensions of a lubricating oil and of decalin and tetralin have been deter- 
mined by a method involving measurement of the capillary rise between two 
plates and by the capillary wave method. “ Tetralin,” d° 0.9766, 7 3.493 
mg./mm. at 18.3°. “ Decalin,” d° 0.9026, 7 3.210 mg./mm. at 18.8°. Lubri- 
cating oil, d° 0.9327, 7 3.171 mg./mm. at 19.8°. 64 

4160. Formdnek, for the detection and determination of tetralin in motor 
fuels, makes use of selective coloration by dyes as the basis of a colorimetric 
method. “ 

4161. Application of Zelinsky’s Method of Catalytic Dehydrogenation to the 
Detection of Decahydronaphthalenes in Low-temperature Tar. 68 Suitable frac- 
tions of low-temperature tar are freed from aromatic hydrocarbons by treatment 
with sulphuric acid and dehydrogenated by repeated passage at 320°-330° 
over platinized charcoal activated by contact with oxygen at the atmospheric 
temperature. The products are treated with sulphuric acid, and the sulphonic 
acids are decomposed into the corresponding hydrocarbons by means of super- 
heated steam. Naphthalene, a-methylnaphthalene, and 1.6-dimethylnaphtha- 
lene are thereby isolated, thus establishing the presence of the corresponding 
decahydro compounds in the tar. Activated platinized charcoal is a more active 
catalyst than platinized asbestos. 

61 Z. anoew. Chem., 1923, 36, 4-6; J.S.C.I., 1923. 43, 215A. 

M Rockemann, Arch. expi. Path. Pharm., 1922, 92 , 52; J. Chem. Soc ., 1922, 121 and 122 , 
i, 499. 

M Cf. Pohl. Poisonous properties of tetralin [and hexalin]. Kunatsloffe , 1925, 15 , from 
Ztrblatt, /. Gewerbehwiene, 1925 , 91. 

M Grunmach and Schweikert, Z. phys. Chem., 1924, 113, 432. 

“ Chem. ZtQ., 1928, 52 , 325, 346. 

M Kaffer, Ber., 1924, 57, 1261-1265. 
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References on the Chemistry of Hydronaphthalenes 

4162. v. Auwore and Moller. Formation and epectrochemical behavior of hydrogenated 
napthaleno derivatives. J. prakt. Chem., 1925, 109, 124; Chem. Abst ., 1925, 19, 1269. 

4163. v. Braun and others. Oxidative degradation of tetrahydronaphthalone and sub- 
stituted tetrahydronapthalencs to phthalonic acid and phthalic acid. Ber., 1923, 56, 2332. 

4164. Eisenlohr and Polenske. Stereoisomeric forms of decahydronaphthalene. Ber., 

1924, 57, 1639; /. Chem. Soc ., 1924, i, 1291. 

4165. H'uckel. Stereochemistry of decahydronaphthalenes and their derivatives. Ann ^ 

1925, 441, 1; Chem. Zentr., 1923, iii, 766; Chem. Abst., 1924, 18, 75. 

4166. Decahydronaphthalene and derivatives — stereochemistry. HQckel and others, 
Ann., 1926, 451, 109; also Huckel, Ber., 1925, 58B, 1449. Transformation of cis- to trans- 
form: dehydrogenation of decahydronaphthalene. Zelinsky and Turowa- Poliak, Ber., 1925, 
68 , 1292; J.S.C.I., 1925, B. 666. 

4167. Stereochemistry of hydronaphthalenea. Deca-hydro-beta-napthamidos. Kay 
and Stuart, J.C.S., 1926, 3038. 

4168. Decahydronaphthalene Prepared with Platinum Sponge Catalyst. Willst&tter 
and Seits, Ber., 1924, 57B, 683-684. An investigation of the structure of the product by 
rofractometric methods showed that it was all cis - decahydronaphthalene. 

4169. Zelinsky and Gavedovskaja. Isomerization of decahydronaphthaleno. Ber., 
1924, 57, 2062; Brit. Chem. Absl., 1925, 66B. 


IL HYDROGENATION OF ANTHRACENE, PHENANTHRENE AND 

THEIR DERIVATIVES. 

4170. Hydrogenation of Anthracene. Anthracene hydrogenated under pres- 
sure in the presence of hydrogen and a catalyst yields symmetrical octohydro- 
anthracenes. The purified anthracene, melted, or dissolved in totralin, is treated 
with hydrogen at 180°-200° C. under a pressure of 10-15 atmospheres in pres- 
ence of nickel on fuller’s earth. 68 

4171. Purification of Crude Anthracene. Anthracene is washed with tetralin 
and then dissolved in cyclohexanone or cyclohexanyl acetate (or a mixture) at 
90° C. On cooling anthracene crystallizes out in a state of almost chemical 
purity. 69 

4172. Purification of Anthracene. In Portheim’s method 60 anthracene and 
carbazole are separated by dissolving the mixture in a neutral solvent such as 
coal-tar naphtha and adding potassium hydroxide. The water formed during 
the reaction is removed by evaporation in order to prevent decomposition of the 
carbazole-K compound which separates as a sandy precipitate. 61 

4173. Hydrogenation of Anthraquinone Compounds. 62 A German process 
for hydrogenation of anthraquinone and its derivatives employs heating with 
hydrogen in the presence of a catalyst. For production of the more highly 
hydrogenated compounds, an anthranol compound is used as starting material. 
In the case of nitro-compound amines are produced. 

17 Chem. Abst., 1924, 18, 2891. See also the samo authors, Ber., 1923, 56B, 1388; Chem. 
Abst., 1923, 17, 3334. 

M Ger. Pat. 352,721 to Schroeter and Tetralin Ges. m. b. H.; Chem. Abst., 1923, 17, 1245. 
The hydrogenation of anthracene is fully discussed by Schroeter, Ber., 1924, 67B, 2003; 
Chem. Abst., 1925, 19, 1271. 

" Ger. Pat, 389,878, Feb. 2, 1922, to Tetralin Ges. m. b. H. 

10 U. S. Pat. 1,404.055, Jan. 17, 1922. 

61 Chem. Abst., 1922, 16, 1099. U. S. Pat. 1,404,056, samo date, to same patentee, 
discloses a similar method for purifying anthraquinone. 

« Brit. Pat. 248,759, Mar. 3, 1925, to I. G. Farbenind. A.-G.; Chem. Abst., 1927, 745. 
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4174. Hydrogenation of Phenanthrene. Schroeter describes the product of 
symmetrical octahydrophenanthrenes. Purified phenanthrene, melted or in solu- 
tion, is hydrogenated in the presence of catalysts. For example phenanthrene, 
purified by treatment with readily fusible or finely divided metals such as sodium, 
potassium, copper, iron or nickel, or other metallic compounds, such as sodamide 
or calcium carbide, is treated with hydrogen at 180°-220°at 15 atmospheres pres- 
sure in the presence of a catalyst prepared by precipitating nickel on fuller's 
earth. The product, bn 160°-170°, is purified by way of its sulphonic acid which 
by treatment with hydrochloric acid gives s-octahydrophenanthrene. The latter 
compound forms crystals, melting 16.7°, bn 167.5°, d J0 1.026. Its constitution 
is demonstrated in the same way as that of the s-octahydroanthracene (see 
above). s-Octohydrophenanthrenemonosulphonic acid gives a stable chloride 
which with dilute aniline solution yields a crystal anilide. 63 

4176. Abietic Acid, which is the acid of rosin (colophony), is a phenanthrene 
derivative. A note on its hydrogenation will be found in paragraph 2237. 

4176. Hydrogenation of Resins. The hydrogenation of various resins such 
as ordinary rosin, damar, sandarac, shellac, copal, pontianak, is described by 
Ellis. 64 Nickel, copper, cobalt, palladium, or platinum may be used as catalyz- 
ers. The resin may be hydrogenated in a melted condition or in solution in an 
inert solvent. Petroleum or aromatic hydrocarbons may be used as the solvent 
material. A temperature of 180° C. is specified and a pressure of hydrogen of 10 
lb. or more. 

4177. Brooks 65 describes a process of manufacturing hydrogenated rosin 
having many of the properties of common rosin such as solubility in varnish 
solvents and saponifiability or soap-making properties but differing from ordi- 
nary rosin by possessing a substantial stability and diminished oxidizability as 
evinced by giving a lessened absorption of iodine or bromine. Varnishes can be 
prepared from the treated rosin which do not crack and fissure upon standing 
and soaps or soap compositions, sizes, etc., may be prepared from it which do not 
yellow with age. 

4178. It is stated that ordinary rosin or colophony, although often used in the manu- 
facture of cheap low-grade varnishes, enamels and the like, gives coatings which, in time, 
crack and fissure or ‘‘craze.” Rosin makes an unusually lustrous varnish film, and if it were 
not for this lack of permanence it would be a highly desirable varnish resin. In other uses, 
rosin displays the same tendency to alteration and deterioration with time. Rosin soaps 
are not permanent but become yellower and harder on keeping. In one of the most extensivo 
uses, sizing paper, the same tendency obtains. The lack of permanence is stated by Brooks 
to be largely due to the fact that rosin is an unsaturated body and, therefore, tends to oxidize 
when exposed to air, in the way in which it is exposed in a varnish film, in a body of soap or 
as the sizing in paper. In the case of rosin size in paper the oxidation not only affects the size 
itself but the paper as well; probably because of the development of peroxide, formic acid, 
etc. Rosin-sized paper, particularly if exposed to light and air, in time becomes friable and 
yellow. By combining or saturating tho rosin with hydrogen, a material is obtained which 
displays all tho valuable properties of rosin as regards the making of high luster varnish films 

M Ger. Pat. 362,719; Chem. Abet ., 1923, 17, 1246. For an elaborate discussion of the 
hvdrogenation of phenanthrene, see Schroeter, Ber ., 1924, 57B, 2025; Chem. Abet., 1925, 19, 
1274. 

64 U. S. Pat. 1,249,050, Dec. 4, 1917. 

w U. S. Pat. 1,167,264, Jan. 4, 1916. 
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and the preparation of soap while it no longer has the undesirable property of lack of perma- 
nence or stability when exposed to the air. This stabilised rosin or colophony when con- 
verted into varnishes is claimed to give a high-grade varnish in lieu of the ordinary low-grade 
article; a varnish film which is permanent in air, and at the same time of good appearance. 
It is also adapted to make a better grade of soap and a higher class, more permanent paper sixe. 

4179 . Brooks observes that abietio acid, or the acid of rosin, appears to hydrogenate 
in stages, there being a first absorption of hydrogen which is more energetic than the later 
absorption. This first, easily hydrogenating stage corresponds to the highest oxidizability 
and if the hydrogenation bo carried only to the end of this first stage the rosin loses most of 
its alterability in air. While the addition of hydrogen to the rosin may bo performed in many 
ways: a simple method of procedure is to reduce the rosin to a fluid state by heat, stir in 3 
per cent of freshly reduced nickel and expose the mixture to an atmosphere or current of 
hydrogen. Any suitable stirring or agitating means may bo used to produce intimate con- 
tact of the mixture of rosin and catalyst with the hydrogen gas. A temperature of 180° to 
230° C. is suitable for this operation. The progress of the reaction may be followed by watch- 
ing the gauge pressure where the operation is performed under pressure. When the pressure, 
as indicated by the gauge, ceases to diminish with comparative rapidity, that is, the rapidity 
of absorption of hydrogen slackens, the first stage of saturation is over. After this time there 
will be a slower diminution of pressure. The treatment may bo carried to a point where the 
iodine absorption shows no further substantial reduction on continuation of the treatment. 

4180 . Instead of using nickel, other metals such as cobalt, copper or iron may be employed, 
but these other metals are not quite as effective as the nickel. Whichever metal is used it 
is best reduced from an oxide formed from its nitrate, reduction being by a current of hydrogen 
at a low temperature; a temperature not markedly in excess of 200° C. and advan- 
tageously lower. Instead of using these metals, their oxides may be employed, but in 
this event it is desirable to perform the treatment with hydrogen at a somewhat higher tem- 
perature, say about 240° C. The catalyst may be used with any of the usual carriers such as 
kieselguhr, or asbestos, etc., to increase the contact surface. 

4181 . "Impregnation" with hydrogen may usually be accomplished in about three 
hours at 200° C., using freshly reduced nickel. 

4183 . In lieu of simply melting the rosin, a solvent may be used as a vehicle for the 
rosin and catalyst; such as alcohol or a good grade of kerosene. 

4183 . Instead of using the stated metals, or their oxides, colloidal palladium (or palla- 
dium chloride) or other platinum group metal, may be used. Palladium in the oolloidal 
spongy condition is stated to be an advantageous catalyst. In using colloidal palladium, 
hydrogenation may be performed at the ordinary temperance or slightly higher, the rosin in 
this case being maintained in a fluent condition by the use of an appropriate solvent, such as 
alcohol, benxol, gasolene, toluene, etc. Colloidal palladium may be directly formed in or 
added to the rosin solution or it may be produced in an oily carrier and then added to the 
solution of rosin. Or a water solution of colloidal palladium may be agitated with a solution 
of rosin in a suitable solvent in the presence of hydrogen until the desired degree of satura- 
tion is effected. 

4184 . Similar results to those given by colophony may be obtained upon hydrogenation 
of many other resins known as varnish "gums” and in use for making varnish. It is claimed 
that the hydrogen treatment much improves their stability and quality. Among other resins 
which may be improved by hydrogenation are Pontianak and guayule rosin. 

4185 . Brooks states that ordinarily he carries on hydrogenation till the resultant product 
shows an iodine value of 20 or less by the Hanus method. 

4185 . Hjcrpsted obtains a ketone-like product by destructive distillation of the calcium 
or barium compounds of the resins which he then hydrogenates. Distillation residues from 
wood tar may bo treated in a like way. 66 

4187 . Production of Unctuous Material from Colophony. Material suitable for use in 
the manufacture of soap, textile preparations, etc., is obtained by the catalytic hydrogena- 
tion of a mixture of colophony and castor oil at raised temperature and pressure. 17 

4188 . The material obtained by hydrogenation of colophony is utilixable as and in 
lubricant. 68 

66 Dan. Pat. 36,064. May 31, 1926; Chem. Abet., 1927, 11, 1021; French Pat. 618,740. 
July 10. 1926; Brit. Chem. Abet., 1928, 165B. 

67 Ger. Pat. 451,180, June 23, 1922, to A. Riebeck'sche Montanwerke A.-G.; Brit. Chem. 
Abet., 1929, B27. 

88 Ger. Pat. 414,612, May 24, 1922, to Hugo Stinnes-Riebeck-Montan und Oelwerke A.-G. 



CHAPTER XLII 


USES OF HYDRONAPHTHALENES, ETC. 

4200. Tetralin 1 has found a multiplicity of uses, especially in detergents and 
liquid soaps. Its value in such compounds is its high solvent power over a wide 
range of oils, gums and waxes. Its high boiling-point is, of course, valuable in 
this connection, as it can be incorporated in detergents intended for use at high 
temperature: where tetralin is employed as the organic solvent there is no loss 
by evaporation at these higher temperatures. For many textile soaps and deter- 
gents it is brought into a form soluble in water by the addition of hexalin and a 
little soluble oil or soap. 

4201. The resulting compositions have the further valuable property of 
reducing the surface tension of liquids which, in conjunction with the high solvent 
power, makes the compounds of great value for wetting out materials, causing 
quick penetration. 

4202. We will consider a little further the properties of some of the special 
detergents, wetting-out compounds, aids to penetration, etc., which have as their 
base these hydrogenated products. What is it that makes them valuable for these 
various purposes? Stated briefly it is a combination of: 

а. Their solvent powers. 

б. Their property of lowering; surface tension. 

c. Their property of forming emulsions with many substances. 

4203. Cotton is quite resistant to thorough wetting, owing to its content of 
wax and oily substances, air, etc. Also the surface tension of the liquid or liquids 
in which the cotton is to be wetted adds a difficulty. As a factor in favor of the 
ready wetting out of the cotton is the force of capillary attraction and, when the 
wetting agent lowers the surface tension of the liquid, dissolves and emulsifies 
fats, waxes, oil, etc., that may be present, the full force of capillary attraction 
can come into play and we have the best form of wetting or penetrating agent. 

4204. Owing to the high flash-point of tetralin, it can be used with greater 
safety as a dissolving and thinning agent in lacquers, varnishes and paints than 
naphtha, toluol and benzol. It finds a use in the manufacture of substances like 
shoe creams because the cream does not dry up as readily as with other solvents 
like turpentine. Some use has been made of tetralin in internal combustion 
engines in combination with alcohol and benzol. 

1 The information contained in paras. 4200-4207, 4235-4240 and 4300-432G has been fur- 
nished by Newport Chemical Works, Inc., Passaic, N. J. 
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4205 . Work has been done along the line of removing printers* ink from news- 
paper by a process of flotation in which tetralin-hexalin combinations are the fun- 
damental reagents. 

4206 . Tetralin, because of its high boiling-point, its stability and its high dis- 
solving powers, has been found of value as a crystallizing medium for various 
substances. 

4207 . A use of tetralin that is of growing importance is as an absorbent for 
casing-head gas. It absorbs from 5 to 10 per cent as against 1 to 2 per cent for 
straw oil, which is the absorbent generally used. The United States Bureau of 
Mines reports on the recovery of gasoline in the United States by the usual 
absorption processes, as being 70 per cent, whereas by the Br6geat process the 
absorption is 95 per cent. Tetralin is so active an absorbent that even the tail 
gases that have already been put through the straw-oil absorption process can 
be brought up to the 95 per cent yield figure by a further passage through the 
tetralin system. The gasoline so resulting has a very high purity. 

4208 . In this case the high boiling-point of tetralin is an advantage. In a 
plant for treating several million cubic feet per day the absorption system con- 
tains 30,000 gal. and the daily loss is only about 40 gal. In an absorption plant 
of the standard type and of the same capacity approximately four times the 
amount of straw oil must be used and even so with a lower recovery. 

4209 . Hydronaphthalenes as Solvents. Tetralin has found application as a 
turpentine substitute in countries where there is a favorable price differential. 
It seems to possess no other advantage than this local one of price. 

4210 . As a general solvent tetralin is handicapped by its high boiling-point, 
which complicates the recovery of the solvent. 

Hydronaphthalenes in the Paint and Varnish Industry 

4211 . Marx la describes the use of hydrogenated naphthalene as turpentine 
substitute, in paints, varnishes and the like. 

4212 . Meier discusses some of the difficulties attending the use of tetralin in 
paints and enamels. Slow drying, “ sagging ” and “curtaining** of the films and 
softening of the undercoats may be overcome by the use of tetralin in admixture 
with solvent naphthas and mineral spirits. Tetralin mixed with lime produces a 
glassy mass. Experiments show that films from enamels containing tetralin do 
not have materially less gloss than those containing other solvents. 5 

4213 . Andes, 3 discussing the use of tetralin in varnish manufacture, says that 
tetralin is miscible in all proportions with practically all solvents and oils used in 
the varnish industry, but not with by-product turpentine, with carbon disul- 
phide or with alcohol. Its particularly good solvent action on resins and resinates 
of all kinds except those which are alcohol soluble, and its flash-point of 78° make 
it very desirable as a thinner in oil varnishes. It is not adapted for quick drying 

u U. S. Pat. 1.483,739, Feb. 12, 1924, to Marx (assigned to Tetralin Ges. m. b. H.) and 
Brit. Pat. 156,250, Jan. 4, 1921, to Akt.-Ges. fur Anilin-Fabrikation. 

* Farben ZIq. % 1920, 25, 2281; Chem. Abst., 1920, 14, 3805. 

3 Farbcn Ztg ., 1920, 25, 1977-1979; Chem. Abst., 1920, 3162. 



HYDRONAPHTHALENES 


479 


lacquers; a resin lacquer made with turpentine dried in five minutes while one of 
the same consistency made with tetralin dried in two hours, but no difference in 
drying time is observed in oil varnishes made with these solvents. Tetralin has 
slightly greater thinning properties than mineral spirits or turpentine. In spite 
of its high solvent powers, varnishes containing it may be used for multiple-coat 
work with perfect results. 

4214 . According to De Keghel 4 * hydrogenation products of naphthalene, 
viz., tetralin, decalin, extra tetralin and tetralin spirits are superior in the manu- 
facture of lacquers and varnishes to benzene, naphthas, polychloro derivatives of 
the aliphatic hydrocarbons and other turpentine substitutes. Extra tetralin is a 
mixture of tetralin and decalin, average density 0.900, b.p. 185°-195°, flash- 
point 60°. 

4216 . Tetralin spirits is an intermediate product, containing 40-60 per cent 
tetralin. The solvent power of these compounds, especially the last named, on 
natural and artificial resins, linoxyn, etc., is excellent. The rate of evaporation 
is lower than that of turpentine. Thirty per cent resin dissolved in 70 per cent 
tetralin or tetralin spirits gives a varnish of good consistency, easy to spread and 
drying in five hours to a smooth, brilliant product. Coumaron resins in tetra- 
lin dry rapidly. Tetralin spirits, with heat, dissolves condensation products of 
phenols and formaldehyde. In some cases tetralin and turpentine mixtures dry 
unequally, giving poor varnishes. The addition of acetone or benzene remedies 
this difficulty. Bakelite resins give satisfactory lacquers, especially when 
heated to 80°-90° after applying. Issoline } a substitute for lacquer gum, resem- 
bling rosin, is soluble in alcohol, etc., and with oils, etc., gives an elastic product. 

4216 . Smith 6 recommends decalin as a turpentine substitute. As a solvent 
it is somewhat more efficient than turpentine with which it is miscible in all pro- 
portions. A mixture containing 70 per cent turpentine and 30 per cent decalin 
has the odor of the former. Evaporation is slower than with turpentine. The 
boiling-point, 190° C., makes decalin a good solvent for high-melting resins. 
The high flash-point, 60° C., lowers the fire risk. 

4217 . Vollman 8 joints out that the high boiling-point of tetralin makes it 
possible with it to thin resin-oil melts in the kettle at much higher temperatures 
than is possible with turpontine or other turpentine substitutes; and the fire risk 
and loss by evaporation is very much less. The varnish coatings made from war- 
time linseed oil substitutes have a tendency to remain soft, and the use of pure 
tetralin as thinner would have a tendency to increase this fault, except that it 
can be used in mixtures with benzine. Tetralin extra, with its more rapid 
evaporation and more pleasant aromatic camphor-like odor, is to be preferred. 
Relative rates of evaporation of tetralin, tetralin extra and turpentine would indi- 
cate that the tetralins are entirely unsuited as thinners, but experiments show 
that coumaron varnishes with tetralin thinners dry much more thoroughly than 
the same varnishes with benzole thinners. Vollman attributes this to the fact 


4 Rev. chim. 1 rid., 1920 , 29 , 173 ; Chem. Abet., 1920 , 3803 . 

• Chcm. Trade J. t 1920 , 67 , 253 . 

6 Farbcn 1919 , 24 , 1089 ; Chcm. Abet., 1920 , 357 . 
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that tetralin appears to have the property of acting as an oxygen-carrier, forming 
peroxides which, in turn, oxidize the oils and resins in the varnish and thereby 
cause more rapid drying. This action is similar to that ascribed to turpentine, 
but the slower evaporation of the tetralin extends the oxidizing action of the 
thinner over a longer period than is obtained by the more rapid evaporation of 
turpentine. In confirmation of the oxygen-carrying properties, Vollman finds 
that tetralin in alkaline solution decolorizes potassium permanganate; exposed to 
the air, it becomes yellow and, to a certain degree, resinifies like turpentine; and 
when potassium iodide is added to a tetralin-water emulsion, iodine is liberated. 

4218. By the use of tetralin, tetralin essence, or tetralin extra and mixtures 
of these with other solvents in the making of varnishes, almost any desired rate 
of evaporation can be obtained. The solvent action of the different grades of 
tetralin varies, so that they can be used in a very wide range of varnish products. 
Lacquers which dry by evaporation only, often have the defect that they cannot 
be used for second coating on account of their softening action on the first coat. 
This may often be overcome by the use of a relatively small portion of tetralin, 
which acts as solvent for the non-volatile portion of the lacquer, and then thin- 
ning the lacquer to brushing consistency with some other volatile vehicle which 
is miscible with the tetralin but has less solvent action on the resins, etc. Under 
these circumstances, the tetralin is nearly saturated with the non-volatile portion 
of the lacquer and therefore has very little softening effect when used for second 
coat work. A little turpentine mixed with tetralin easily masks the camphor- 
like odor of the latter. 7 

4219. Pink Discoloration of White Enamels with Tetralin. It was noticed 
early that white enamels prepared with tetralin as solvent soon developed a pink 
shade. According to Axel, Colzer, et al., 8 this effect is particularly noticeable on 
horizontal surfaces and is, apparently, due to chemical change in the condensed 
tetralin vapor. Any dry white enameled surface becomes similarly discolored if 
placed in a confined space for a few days with a few drops of tetralin. 

4220. On the other hand, Gutschmidt 9 and the others cited, claim that their 
experiments prove that tetralin is not the cause of the trouble. They inculpate 
various other constituents of the enamels. Meyenberg thinks that his experi- 
ments show that pink color is due to small quantities of sesame oil, present in the 
linseed oil, giving a Baudouin reaction with the furfural from the wood. Hueter 
attributes the discoloration to phenolic compounds present in synthetic resins, 
to the action of traces of iron on salicylic acid or its derivatives present in natural 
resins, or to zinc oxide. The Tetralin Association adds to this list of culprits or 
accomplices, cobalt driers and green woods. To sum up: the results are incon- 
clusive. 

7 Schrauth and Hueter, Farben-Ztg., 1919, 25 , 635; Chem. Abet., 1920, 1901. Smit Addens 
(Olien en Vet en 1920, No. 28, 353; Chem. Abet., 1920, 1227)1 reports that 0.04 g. tetralin. on 
blotting paper, evaporated in ninety-three minutes, 0.04 g. tetralin extra in forty-nine 
minutes, 0.04 g. turpentine in fifteen minutes. 

• Farbcn ZlQ., 1920, 25 , 2076; Chem. Abet., 1920, 3162. 

9 Farben Ztg ., 1920, 25 , 2337; Hueter (Ibid., 2280), the Tetralin Asaoc. (Ibid., 2286), and 
Meyenberg (Ibid., 2287). 
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4221. The Cause of the Pink Coloration of White Enamels. According to 
Andes 10 his experiments indicate that the pink coloration of white enamels is 
not specific to tetralin thinners but may also occur with turpentine; that it occurs 
only when manganese perborate in powder form has been ground in the vehicle 
along with zinc oxide, or if the vehicle contains an excess of this drier. Varnish 
to which manganese perborate has been added, whether by heating or in the 
cold, must be aged and allowed to settle, or filtered to remove all suspended par- 
ticles of the drier which may not have gone into complete solution. 

4222. Tetralin, a Sensitive Reagent for the Manganese Content of White- 
Mineral Pigments. 11 The pink discoloration of enamels containing tetralin thin- 
ners is ascribed by Andes to the presence of manganese driers in the form of small 
particles, but exhaustive tests show manganese in any form will cause a pink 
coloration with tetralin. Lithopone containing 0.005 per cent manganese as 
impurity, if moistened with tetralin, and then dried on a steam bath, shows an 
unmistakable pink color, which is not produced by other common paint thinners. 
Turpentine acts similarly, but is much less sensitive. The action is probably 
due to conversion of the manganese into a colloidal form of great tinctorial 
strength. 1 * 

4223. Rebs, 11 discussing the discoloration in enamels containing tetralin, 
says it is very difficult to remove by heating all coloring matter derived from the 
seed hulls, from the linseed oil at present available (in Germany) ; on this account 
white enamels turn yellowish or pinkish. If the raw oil is clarified with 1 to 3 
per cent calcium perborate, or 1 to 2 per cent zinc sulphate added at 260°, allowed 
to settle, and the clear oil cooked with 10 to 20 per cent tung oil, at 275°, a 
vehicle is produced which can be used for making white enamels perfectly free 
from discoloration with age, even though they contain tetralin. Objections to 
tetralin are its tendency to cause running and to reduce the gloss slightly, but 
these are overcome by using it in blends with benzol and benzine. 

4224. Extensive experiments gave Meier no plausible explanation for the 
pink coloration of enamels containing tetralin. 14 

4226. Vollmann reviews the criticism of tetralin and believes that the most 
logical explanation of the pink coloration of white enamels containing it is that 
it is due to manganese. Potassium permanganate cannot exist in an enamel film, 
but other manganese compounds such as Mn(Cj0 4 )*Ki-3H a 0, used by Sacher 
for its detection, are also highly colored, and analogous compounds with zinc 
oxide might be formed in the films. 16 

4226. Tetralin as Solvent of Resins, etc. 16 Tetralin can be used as a solvent 
for resins, fats, essential oils, liquid and solid hydrocarbons, caoutchouc, sulphur, 

10 Farben ZtQ. t 1920, 26 , 296, 356; Chem. Abst. t Mar., 1921, 764. 

11 Lauffs, Chem. ZtQ. % 1923, 47 , 315. 

16 Chem. Abst., 1923, 17 , 2511. 

11 Farben ZtQ., 1920, 26 , 242; Chem. Abst., 1921 , 764. 

14 Farben ZtQ ., 1920, 26 , 69. See also Farben ZtQ., 1920, 26 , 2281; Chem . Ah*., 1920, 
14 , 3805. 

14 Farben ZtQ .. 1920, 25 , 2386; Chem. Abst ., 1921, 15 , 765. 

16 Ger. Pat. 320,807, Mar. 7, 1916, to Tetralin G. m. b. H. 
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dyestuffs and the like. The substances are dissolved in the heated tetralin or 
other more highly hydrogenated hydronaphthalene. 17 

4227. Vogel and Waltz 18 make highly favorable reports on the use of tetra- 
lin in enamels, both in experimental work and in outdoor applications. 

4228. Tetrahydronaphthalene in Varnish Remover. 19 Ellis describes a 
method of making varnish remover containing wax and tetrahydronaphthalene 
as one of the solvents, other solvents being miscible alcoholic bodies such as 
benzyl alcohol, or cyclohexanol or chlorhydrin. 

4229. Hydronaphthalenes, alone or mixed with other solvents such as amyl 
alcohol, may be used to remove dried oil colors and varnishes. 50 

4230. Tetralin as Linoxyn Solvent. Linoxyn, which is only sparingly soluble 
in the usual varnish solvents, is brought into solution by heating under normal 
pressure with a tetrahydronaphthalene alone or together with other additions. 
The solution may be diluted with the usual varnish solvents. The solution 
dries to a sticky film which gradually becomes hard, tough, and elastic. 21 

4231. [Hydrogenated phenols and] hydronaphthalenes arc used in formula* 
for preparing linoxyn-like substances for the manufacture of linoleum, artificial 
leather, etc. 25 

4232. Varnish from Hydronaphthalenes. 25 By the action of an electrical dis- 
charge on tetralin or decalin, a drying varnish is obtained. 

4233. An article by Gardner on tetralin, decalin and hexalin as solvents and 
thinners contains useful abstracts of the relevant literature. 54 


Hydronaphthalenes as Fuel 

4234. Tetralin has been used as a gasoline substitute in internal combustion 
motors. Thus a mixture containing 25 per cent of tetralin, 25 per cent benzene 
and 50 per cent alcohol (95 per cent) has been quite extensively used for auto- 
mobiles in Germany. Nathan says that tetralin is equal if not superior to the 
usual oils for Diesel engines. Owing to its high boiling-point (205°-207°), it can- 
not be used undiluted as a motor fuel, but it is very suitable for the purpose when 
mixed with petrol, benzol, or alcohol. Tests on a Dorman bench engine indicated 
that mixtures of tetralin and petrol containing less than 50 per cent of tetralin 
arc suitable for use in ordinary four-cylinder motor-car engines without any 
special adjustments, although not so good as gasoline alone either in flexibility of 
running, maximum power, or thermal efficiency. Higher compression ratios 
may be used with tetralin-petrol mixtures and would probably result in power 

17 J.S.C.I., 1920, 665A. Tetralin a s a solvent for resins, rubber, etc., Kunstoffc , 1923, 
13 , 42. 

18 Farbcn ZIq., 25, 2336 (Ibid., 2335). 

19 U. 8. Pat. 1,406,175, Feb. 14, 1922. 

20 Ger. Pat. 320,152, May 28, 1912, to Tetralin G. m. b. H.,; 1920, 665A. 

21 Ger. Pat. 335,905, Aug. 6, 1918; J.S.C.I . , 1921, 40 , 667A. 

22 Ger. Pat. 434,318, June 19, 1924, to Consort, f. electrochem. Ind., G. m. b. H. (as- 
signees of Deutach and Hermann) ; Brit. Chem. Abat., 1927, 305B. 

28 Brit. Pat. 275,813, Sept. 29, 1926, to Siemens and Halske A.-G. and Becker. 

24 Paint Manufac. Aaaoc. of U. S. t Circ. 1925, 248, 62. 
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and efficiency equal to that given by gasoline alone being obtained. On a basis 
of pints per boiler-horsepower hour, the 50 per cent tetralin mixture was the 
most economical one tried. Generally speaking, as the proportion of tetralin is 
increased, faults associated with incomplete combustion become more apparent. 26 

4235. The specific heat of tetralin is 9720 calories and its high density gives 
it greater power per gallon than gasoline and benzol. A tank holding 26.4 gal. 
will contain about 160 lb. of gasoline with 798,000 calories or 189 lb. of benzol 
with 834,000 calories or 215 lb. of tetralin with about 950,000 calories. 

4236. The flash-point of tetralin is 78-79° C., which is particularly desirable 
in fuel for airplanes. Pure tetralin was tested in high-compression motors and 
even with the highest compression did not give pre-ignition. Tetralin will not 
corrode metal. Samples of iron, steel, aluminum, copper bronze and brass 
exposed to tetralin for years showed no traces of corrosion. 

4237. In the search to find a motor fuel which could be used with advantage 
in the usual internal combustion motor of to-day and which would stop the 
knocking of the engine, mixtures of tetralin with other fuels were tested. This 
was done very carefully at the testing station for explosion motors of the Tech- 
nical University of Berlin. 

4238. Mixtures of 1 part of tetralin and 1 part of gasoline (.720 and .735 
specific gravity) gave the best results, also mixtures of tetralin with benzol and 
mixtures of tetralin, benzol and alcohol were found practical. The limits estab- 
lished were that 10 per cent of the total mixture should distil below 100° C. and 
that 30 per cent should distil below 150° C. The specific gravity of such mix- 
tures should correspond approximately to the gravity of benzol, to avoid special 
adjustment of the carburetors. 

4239. Practical tests of the mixtures were made on the road. A mixture of 
50 per cent benzol with 25 per cent tetralin and 25 per cent alcohol was used. 
The motor was started as easily as with gasoline; there was no tendency to pre- 
ignition and no knocking was noticed even under severe testing conditions. 
The combustion was complete, according to analysis of the exhaust gases, and 
no carbon deposit was noticed on spark-plugs even after great distances had 
been covered. Spark-plugs which had been in gasoline engines and which showed 
large deposits of carbon and no longer gave good results with gasoline, were 
attached to the cylinders. It was observed that in a short time the fuel contain- 
ing tetralin had removed the carbon from the spark-plugs. Also no accumulation 
of carbon occurred in the valves or other parts of the motor. 

4240. The only change made to adapt the motor to the new fuel was to sup- 
ply additional warm air to pre-heat the fuel mixture. The carburetors were 
adjusted to heavy benzol which is essential. 

4241. Friesenhahn describes liquid fuel composed of hydronaphthalenes 
(tetra- and deca-) mixed with aliphatic hydrocarbons. This fuel is intended for 
use in internal combustion engines. 26 

4242. Dietz specifies as a formula for an internal combustion engine fuel: 

u Nathan, Fuel , 1924, 3, 346; Bril. Chem. Abut ., 1924, 897B. 

26 U. S. Pat. 1,525,578, Feb. 10, 1925. 
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Low-temperature tar 35 parts, ethanol or similar alcohol 35 parts, tetralin 30 
parts.* 7 

4243. Tetrahydronaphthalene, with or without hydrogen, or naphthalene 
with an excess of hydrogen, is heated to above 400° C. in the presence of alumina 
with or without other metal oxides and the product is distilled to obtain the frac- 
tion boiling below 200° C. Alcohol, gasoline or other usual fuel may be added.** 

4244. Addition of Decalin to Benzol Fuel Mixtures. The addition to benzol, 
with a low toluene content, of hydronaphthalenes consisting chiefly or wholly of 
decahydronaphthalene, increases its energy without materially affecting the 
ignition point. The freezing-point of a mixture of 90 per cent of benzol and 10 
per cent of decahydronaphthalene is — 3° C.; a 70 : 30 per cent mixture 
freezes at —20° C.** 

4245. The articles named below deal with the use of hydronaphthalenes as 
fuels for internal combustion engines: Ostwald, the German motor fuel prob- 
lem, Brennstoff-Chem., 1921, 2, 321; de Gramm, tetralin as a fuel for explo- 
sion motors, Rev. prod, chim., 1921, 24, 729; Eckart, New technical materials 
for explosion engines. lUuatr. Motor Ztg., 1922, 384; Dingier a polytechn. J 
338, 29. 


Hydronaphthalenes as Lubricants 

4246. Lubricants from Hydronaphthalenes. Tetralin is chlorinated by means 
of dry chlorine in the presence of phosphorus pentachloride, and the chlor- 
derivative condensed with tetralin itself in the presence of phosphorus pent- 
oxide. A good lubricating oil results on subsequent fractional distillation in 
vacuo.* 0 

4247. Decalin is given as one of the constitu tents of lubricants suitable for 
use in apparatus for condensing benzene and like hydrocarbons from gaseous 
mixtures.* 1 

4248. Lubricant from Hydrogenated Anthracene Residues. The residue 
from the preparation of anthracene from anthracene oil, which is rich in phenan- 
threne, is dissolved in petroleum or solvent naphtha and is treated with sodium. 
Alcohol is then added gradually until all the sodium has been combined, the 
liquid is diluted with water, the aqueous solution separated, and the oil distilled. 
The lubricating oil is produced from the fraction boiling above 300° C. Instead 
of nascent hydrogen (sodium and alcohol) molecular hydrogen may be used in 
the presence of a catalyst.** 

* 7 Chem. Abst., 1927, 21 , 1536; U. S. Pat. 1,620,635, Mar. 15, 1927. French Pat. 646,775, 
1927, to Floras, describes a motor fuel obtained by distilling products of fermentation with 
hydronaphthalene or other " synthetic carburant.” Chem. Abst., 1929, 23 , 2275. 

“ Chem. Abst., 1927, 21 , 488; Brit. Pat. 246,182, Jan. 19, 1925, to J. D. Riedel A.-G. 

“Ger. Pat. 329,833, Mar. 29. 1916; J.S.C.I., Apr., 1921, 252A. 

*° Chem. Aoe (London). 1922, 30, 4. 175. 

*' Brit. Pat. 277,378, Sept. 13, 1926, to Ges. fOr Lindes Eismaachinen A.-G. 

” Ger. Pat. 351,201, May 15, 1917, to Schults; J.S.C.I., 1922, 41 , 539A. For the role of 
hydrogenated cyclic hydrocarbons in lubricants, sec: Spilkcr, Brcnns toff -Chem., 1926, 7, 261; 
Z. angcic. Chem., 1926, 39 , 997; Chem. Abst., 1927, 646. 



H YD RON A PH THA LENES 


485 


Hydbonaphthalenes in the Rubber Industry 

4249. Hydronaphthalenes are used as solvents in rubber recovery, to remove 
sulphur as hydrogen sulphide, the pulverized old rubber being heated under pres- 
sure with the hydrocarbon.” 

4250. Hydrocyclic Compounds in Production of Evaporation Product from 
Rubber Latex. The effectiveness of the protective colloids in the evaporation 
of latex is increased by the addition of hydrocyclic compounds such as tetra-, 
hexa-, methylhexa-, and decahydronaphthalene, cyclohexanol, etc.” 

4251. Tetralin as Reaction Retarder in Manufacture of Rubber Substitute. 
Rudolf ” finds that, in making factice with sulphur chloride, the addition of 
tetralin to the vegetable oil retards the reaction and diminishes the violence. 
Tetralin will mix in all proportions with drying oils. 

4252. Allman, Morris and Marlor “ describe a composition containing rub- 
ber and cellulose esters. Rubber is dissolved in volatile hydrogenated products 
of aromatic hydrocarbons (cyclohexanone), etc., and is mixed with a solution of 
cellulose nitrate or acetate. Non-volatile hydrogenated aromatic hydrocarbon 
derivatives, such as ar-tctrahydronaphthol may be used as softening agents. 57 


Hydronapththalenes in Detergents 


4253. Hydronaphthalenes in Detergents. 58 A detergent is made by mixing 
hydrogenated naphthalene with sulphonated fat containing sulphonic acid. 
The mixture is neutralized and emulsified with water. The product is not affected 
by hardness of water. 

4254. A semi-liquid, detergent emulsion contains soap, bentonite, tetralin, 
tetrahydro-/3-naphthol, or similar hydroaromatic compound of high boiling- 
point. 39 

Hydronaphthalenes as Solvents 


4265. Purification of Low-boiling Hydrocarbons. 40 Hydrocarbon oils of 
boiling-point up to about 200° C. are dissolved in hydrogenated naphthalene, 
preferably tetrahydronaphthalene, and subsequently separated from the solvent 
by distillation. Alternatively, the hydrocarbons are passed in the form of gas or 


33 Brit. Pat. 271,073. May 11, 1926, to Tengler; Chem. Abet ., 1928, M, 1706; Can. Pat. 
284,014, Oct. 16, 1928; U. S. Pat. 1,660,851, Fob. 28, 1928. Yokoyama, U. S. Pat. 1,714,855, 
May 28, 1929, adds sodium alcoholate to the tetralin. 

M Ger. Pat. 432,894, Oct. 30, 1923, to Sturchbury, assignee of Bachmnnn and Hebler; 
addition to 419,658; Brit. Chem. Abet., 1927, 229B. 

M Z. anoew. Chem., 1921, 34 , Aufstasteil, 355; Chem. Abet., 1921, 15 , 3412. 

M Brit. Pat. 274,968, Apr. 30, 1926. 

37 Chem. Abet., 1928, 1*. 2292. 

»<?/. paras. 4200-4203. Swiss Pat. 119,114 (addition to 111,767), Mar. 23, 1926, to 
G. Zimmerli Chem-tech. Fabr. 

* U. S. Pat. 1,544,588, July 7, 1925, to Moseley. 

40 J. D. Riedel A.-G., Ger. Pat. 430,974, May 15, 1926. 
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vapor through a quantity of hydrogenated naphthalene maintained above the 
boiling-point of the hydrocarbons. 41 

4266. Extraction of Oil Shales and Lignites with Tetralin. 42 Tetralin under 
pressure (e.g., 14 atmospheres) and at a temperature of 200°-270° C. extracts 
more from oil shales and lignites than does benzene under similar conditions. 

4266A. Novak and Trebicky use hydronaphthalenes to extract coal, peat, 
shale, etc., at 400°-440° C. under 20 atmospheres pressure. The products are 
neutral oils, montan wax, phenols, bitumen. 44 

4267. Hydronaphthalenes may be employed, by themselves or in combina- 
tion with other substances, for the purpose of keeping in solution, by their mere 
presence in the tar oils, the naphthalene which, usually mixed with anthracenes, 
separates out from the tar oils when stored for some length of time, forming resi- 
dues difficult to work up. The cleaning of the containers may be dispensed 
with, while, on the other hand, it becomes possible to recover the anthracene 
free from naphthalenes, in the form of a crystalline mass, which may easily be 
pressed off. Finally, the loss of the naphthalene, useful for heating and preserv- 
ing purposes, is obviated. 44 

4268. Tetralin can be advantageously used for recovering sulphur from active 
charcoal used for gas purification. Schreiber 46 points out the case of recovery 
of both the sulphur and the solvent, which in view of the relatively high price of 
tetralin is important. Tetralin does not affect the activity of the charcoal and, 
therefore, the extraction can be carried out in the purification chamber itself. 

4269. Tetralin — Use in Gas Washing. 47 Tetralin is better than decalin, 
hexalin and methylhexalin for removal of naphthalene from coal gas. 

4260. Br6geat uses tetralin, decalin, hydrogenated cresols, hydrogenated 
terpenes or other hydroaromatic compounds to remove from gases tar, naphtha- 
lene, paraffin, etc., which obstruct pipes. The gas is treated with these products 
and their presence in the gas causes removal of naphthalene already deposited. 48 


Miscellaneous Uses of Hydronaphthalenes 

4261. For the purpose of lubricating threads and fibers a mixture is used com- 
posed of a neutral petroleum oil with a wetting agent. Suitable wetting liquids 
are decalin or hydrogenated cresol. 49 

4262. Hydrogenated naphthalenes and hydrogenated phenol are among the 

41 Brit. Chem. Abet., 1926, 864B. C/., para. 4207. 

42 Berl and Schmid, Brennatoff-Chcm ., 1926, 7, 149, 181; cf. Ger. Pat. 411,540, May 7, 
1922, to Berl. Berl and Schildwiichtor, Brennatoff-Chem ., 1928, 9, 105. 

41 Brit. Chcm. Abst. % 1926. 652B. 

44 Brit. Pat. 234,564, Mar. 6, 1924. 

45 Ger. Pat. 301,651, Apr. 23. 1916, to Tetralin G. m. h. II.; Chem. Abat., 1921, 1986. 

46 Brcnnatoff-Chem., 1926, 3, 355; C/., Jaeger, ibid., 356; Chem. Abst., 1923, 17, 2183. 

47 Weissenberger, GlUckauf, 1925, 61, 426. Weissenberger and Schuster, Z. angcu). 
Chem., 1925, 38, 626. 

48 Brit. Pat. 296,925, Nov. 24, 1927. Removal of benzene [from coal gas] by mean a of 
tetralin is discussed by Sellie, J. Isinca gaz. t 1927, 51, 267. 

48 Brit. Pat. 277,649, Sept. 16, 1927, to Zemmerli. 
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liquids used to protect cellulose acetate in mixed textiles during raercerization of 
the cotton fibers. 60 

4263. Viscose filaments are given a matt finish by adding, to the spinning 
solution, 5 per cent on the weight of cellulose of various compounds, e.g., 
tetralin. 61 

4264. Coagulating Bath for Viscose. Sulphonic acids of hydronaphthalenes 
are among the constituents of a coagulating bath for viscose threads. 62 

4265. Tetralin is used in bleaching of fabrics and yarn. 62 

4266. Hydronaphthalene as an Dluminant. Wimmer 64 proposes to use 
hydronaphthalenes, alone or mixed with other illuminants, in an ordinary coal- 
oil lamp and states that this gives a flame of high luminosity. 

4267. Hydronaphthalene as Smudge-producers. Van der Linden proposes to 
form a fuel for producing smudge fires (to protect plants from frost) by impregna- 
ting peat litter with suitable liquids: among the latter he names the hydro- 
naphthalenes. 66 

4268. Hydronaphthalenes and Hydrophenols as Preventers of Evaporation 
Loss. Br^geat claims that the addition of hydronaphthalene or hydrophenol 
(2-4 per cent) to highly volatile hydrocarbons, such as petroleum ether and 
ligroin, reduces evaporation losses. 66 

4269. Tetralin and Derivatives as Germicides (disinfectants). Lockemann 
and Ulrich 67 affirms that tetrahydronaphthols are stronger germicides than the 
corresponding naphthols and the sodium tetralinsulphonate and octahydroan- 
thracene sulphonate than the corresponding hydronaphthalene and hydroan- 
thracene compounds. 

4270. Chlorotetralin as Insecticide. An insecticide comprising chlorotetra- 
. hydronaphthalene is prepared by treating naphthalene with chlorine in presence 
of ferric chloride. 68 

4271. Hydronaphthalenes are among the substances which may be used as 
solvents for the coloring matter of inks for printing on celluloid, synthetic resins, 
rubber, etc. 6 * 1 

4272. Viscous Oils from Hydronaphthalenes. 69 Viscous oils which can be 
readily sulphonated to yield water-soluble products are prepared by treating 
hydrogenated naphthalenes with alkyl halides or acid chlorides with or without 
the addition of condensing agents. Tetrahydronaphthalene forms with benzyl 
chloride and zinc chloride at 120° C. an oil with boiling-point 200°-202° C. (20 

60 Brit. Pat., 273,830, Apr. 12, 1926, to Calico Printer’s Association Ltd, et al.; Chem. 
Abat., 1928, 23 , 2008. 

61 Brit. Pat. 273,647, Nov. 27, 1926, to Borzykowski, assignor to Borvisk Synd., Ltd. 

61 Brit. Pat. 234,188, Feb. 25, 1924, to Kampf; Chem. Abat., 1920, 830. 

M Ger. Pat. 388,925, Aug. 2, 1922, to Mohr and others. 

64 Ger. Pat. 302,488, July 23, 1915; J.S.C.I., 1921, 253A. 

“Brit. Pat. 157,448, Jan. 10, 1921; Chem. Aabst., 1921. 1985. 

“ Brit. Pat. 230,311, May 9, 1924, to Page (from Brf-geat). 

67 Dcainfektion, 1924, 2 , 1; Chem. Zentr., 1924, 95, I, 1811; Ger. Pat. 324,757, July 11, 
1919; J.S.C.I., 1920, 831A. 

66 Brit. Pat. 203,904, Sept. 14, 1922; Chem. Abat., 1924, 728. 

Brit. Pat. 296,461, May 3, 1927; Chem. Abat., 1929, 23 , 2541. 

“Tetralin, Ges. m. b. H.; JA.CJ., 1920, 623A; Ger. Pat. 319,799, Dec. 4, 1917. 



488 


HYDROGENATION 


mm.), and viscosity 3.2° (Engler) at 50° C.; with chlorinated xylol, an oil of vis- 
cosity 5°-6° (Engler) at 20° C.; with benzoyl chloride and a little phosphorus 
pentoxide at 280°-300° C. f an oil with boiling-point 228 o -230 o , and with chlori- 
nated tetrahydronaphthalene and a little phosphorus pentoxide, an oil with 
boiling-point (15 mm.) 240°-243° C., viscosity 35.5° (Engler) at 50° C., sp. gr. 
(15° C.) 1.104, and flash-point about 200° C. From decahydronaphthalene, 
benzyl chloride, and a little phosphorus pentoxide, at 170°-190° C., a very vis- 
cous, dark green oil is obtained. 

4273. Condensation Products. Tetralin is one of the hydrocarbons mentioned 
by Michel 60 as forming condensation products with olefines (such as ethylene) 
in the presence of aluminum chloride (or other catalytic halide), at temperatures 
of 100°-200° C. under increased pressure. The oily products may be used as 
motor fuels or as intermediates. 41 

4274. Resinous Condensation Products (from Hydrogenated Naphthalene). 44 

Hydrogenated naphthalene is treated with formaldehyde in the presence of 
acids, with or without the addition of a solvent or diluent. The products can be 
worked up with turpentine and linseed oil for the manufacture of varnishes. 41 ® 
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CHAPTER XLIII 


CYCLOHEXANOL, CYCLOHEXANONE, ETC. 

Hexaun 1 

4300. Hexalin is cyclohexanol or hexahydrophenol, and is produced by the 
hydrogenation of pure phenol. It is a neutral water-white liquid and, like all 
higher alcohols, does not dissolve readily in water. It has a specific gravity of 
0.945 (7.9 lb. to the gallon) and boils at 155° to 160° C. Its flash-point lies at 
about 68° C. It will not decolorize on standing, is very stable even at the boiling- 
point and evaporates without leaving a residue. Hexalin has a high solvent 
power for solid and liquid hydrocarbons, fats, oils, resins, waxes and the like. 

4301. Hexalin Solvent for Resins, Synthetic and Natural. The high dis- 
solving power of hexalin is of importance. For instance, it has been found that 
hexalin mixed with decalin is an excellent solvent for resins and, in particular, 
easily dissolves a considerable range of the condensation products of phenol and 
formaldehyde, which are not soluble at all, or not easily soluble in most solvents. 
In fact, solutions of these synthetic resins in a hexalin-decalin medium have been 
prepared which remain clear when diluted with non-solvents. The solution 
obtained is suitable for lacquering wood and other substances, it does not dry 
any more slowly than turpentine lacquers, and it leaves the resin in the form of 
a clear coating hard to remove from the foundation. 

4302. For solution of synthetic resins, other combinations of these solvents 
can be employed as, for instance, hexalin can be substituted by its ester, hexalin 
acetate and the decalin can be substituted by tetralin. Hexalin has also a high 
solvent power for gums and other products used in the varnish and lacquer 
industry. 

4303. Linoxyn Solutions. Linoxyn has been used to a great extent in the 
manufacture of linoleum, but its application in the lacquer industry has been 
restricted because of the difficulty of finding a suitable solvent. It is true that 
linoxyn is soluble in amyl alcohol and amyl acetate, but such solutions require 
a long period for their preparation and clarification. It has been found that clear, 
transparent and non-depositing solutions, which can be further thinned with 
other lacquer solvents, can be obtained by the use of cyclohexanol or cyclohexa- 
none. The solutions obtained dry to an initially sticky, but eventually tough 
and elastic film. The drying can be accelerated by the addition of siccatives. 

1 The information in paraa. 4300-4326 ia largely furnished by the Newport Chemical 
Works. 
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Linoxyn solutions are serviceable not only in the lacquer and varnish industry, 
but also in the manufacture of linoleum, artificial leather, etc. 

4304. Rubber Dissolving Agent. Cyclohexanol or some of its conversion 
products are capable of dissolving both crude and vulcanized rubber. Crude 
rubber can be wholly or partly dissolved with well-known volatile solvents such 
as benzine, benzol, carbon tetrachloride, etc., and vulcanized rubber with xylene, 
aniline, etc., in order to subject it to further treatment after removing the foreign 
ingredients and eliminating the solvents. In a number of solvents the rubber 
swells up well, but is only partly dissolved. Large quantities of the solvent are 
consequently required which afterwards have to be recovered. On the other 
hand, some of the solvents have the disadvantage that their solvent power is 
exerted only at relatively high temperatures. 

4306. It has been found that cyclohexanol and its esters, as well as cyclohexa- 
none, exercise a solvent action both quickly and perfectly and at lower tempera- 
ture than is the case with most other solvents. Even where high temperature 
is used the high boiling-point of the cyclohexanol and the reduced fire risk afford 
great advantages. 10 

4306. Mixing of Celluloid and Rubber. It is well known that the one diffi- 
culty of making a mixture of celluloid and rubber is in the finding of a solvent in 
which rubber and celluloid are simultaneously soluble. A number of the most 
common solvents of celluiod, such as acetone and amyl acetate, precipitate rub- 
ber from its solution, while celluloid is entirely insoluble in most rubber solvents, 
6uch as carbon tetrachloride, carbon disulphide, etc. 

4307. A solution of celluloid and rubber made by dissolving each material 
separately in hexalin and then admixing the two solutions has been used to pre- 
pare a composite film of celluloid and rubber. Methyl hexalin can be employed 
in a similar way. 

4308. Homogeneous Liquid Mixtures. Hexalin is valuable as a homogen- 
izer when added to certain other solvents which by themselves are not miscible 
either with each other or with water. Also there are certain solvents which are 
miscible with water in some proportions, but separate on great dilution. Other 
solvents will mix with each other, but are not clear. As an instance of this, mix- 
tures of 50 parts of tetralin and 50 parts of spirit, form milky solutions, whereas 
by the addition of 5 parts of cyclohexanol these are converted into clear solu- 
tions. Methyl cyclohexanol and cyclohexanone share these properties. 

4309. Tetralin is not directly miscible with water, but if the tetralin is incor- 
porated with some soluble oil, or soap, and a small percentage of cyclohexanol 
added, the resulting mixture can be considerably diluted with water without 
separation of the solvents. 

4310. A striking example of the effectiveness of hexalin is in the case of tetra- 
hydronaphthalene-sulphonic-acid sodium salt, which is only slightly soluble in 
water. If 35 parts of this salt and 65 parts of water are taken the sodium salt 
will not dissolve. Hexalin is not itself miscible with water, yet if to the above, 
50 parts of hexalin are added the whole at once goes into a perfect solution and 

*• But see para. 4339. 
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this solution is capable of dilution with large quantities of water without any 
separation of the components. 

4311. Emulsifying Agents. The high dissolving capacity of hexalin and 
methyl hexalin and their ability to form with watery soap solutions perfectly 
clear solutions which, in turn, possess high emulsifying properties, have led to 
their use in the preparation of spinning oils, loom oils, etc., which are readily 
washed out with water. 

4312. It has been found that cyclohexanol, which, as stated, is itself insolu- 
ble in water, can be easily incorporated in an ordinary soap body and that this, 
dissolved in water, gives clear dilutions which even under ordinary temperature 
conditions possess a high dissolving and emulsifying property for neutral fats, 
waxes, fatty acids, solid and liquid hydrocarbons. These cyclohexanol-soap 
mixtures can be used either solid, semi-solid or liquid wherever the removal of 
fatty substances is involved as, for instance, in the textile or leather industries; 
and they afford excellent emulsifiers for all substances which cannot be easily, 
if at all, affected by watery solutions. 

4313. Hexalin and Methyl Hexalin in Soap. Hexalin has a not unpleasant 
odor and one which is suggestive of phenol and slightly of menthol. Methyl 
hexalin perhaps has the menthol odor developed a little more strongly than hexa- 
lin. Hexalin is not changed by storing or slow evaporation, that is to say, it does 
not turn dark as does phenol. It retains its water-white oily character and is, 
in general appearance, quite suggestive of gasoline. As far as the use in soap is 
concerned the remarks made for hexalin are applicable to methyl hexalin. 

4314. These are both used now quite extensively in the manufacture of soaps, 
liquid detergents and special emulsifying compounds. Their use in soap imparts 
valuable properties of solubility and emulsification and, of course, their high 
boiling-point prevents a material loss of the solvent ingredients when the soap is 
used at high temperature. 

4315. The use of soaps prepared in this way is not confined to the textile 
industry, but extends to the laundry and general household field because of the 
easy removal of dirt, fat, oil and even bloodstains. In the presence of hexalin, 
it is claimed, blood loses the capacity to coagulate. 

4316. A point of interest is that where hexalin is incorporated in a soap, other 
solvents such as tetralin, benzol, carbon tetrachloride and turpentine can be 
incorporated also, if desired, and the resulting soap compositions will appear 
homogeneous and will remain soluble in water even on great dilution. 

4317. The peculiar odor of hexalin is not disagreeable during the washing 
process and the vapor is claimed to have no harmful effect on the workmen. It 
is also of importance to know that this odor does not adhere to the material after 
rinsing. 

4318. Hexalin in soaps will also dissolve such water insoluble substances as 
magnesium and lime soaps. If hard water is used the disagreeable feature of 
sticky precipitates of lime soaps is said to be eliminated. Small additions of 
hexalin do not affect the foaming of the soap: larger additions, however, do act 
in the same way as equally large additions of other alcohols. 
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4319. The presence of hexalin in neutral water-soluble soaps has the effect 
of retarding the hydrolysis of the soap even when solutions of the latter are 
considerably diluted. 

4320. In the manufacture of solid soap hexalin should not be added in its 
pure form to the hard soap mass. It should be admixed with a watery potash or 
soda soap. However, it is important that the solutions be quite hot when incor- 
porated, and they must be stirred thoroughly to get a uniform distribution of 
the hexalin. The manufacture of hexalin and methyl hexalin soaps is described 
in a paper published in The American Dyestuff Reporter , May 31, 1926. 

4321. Hexalin in Lacquer. Hexalin, although an alcohol, is a solvent for 
nitrocellulose but, on account of its high boiling-point and its somewhat slow 
action on the cotton, is not recommended as the sole solvent ; it should be used 
in conjunction with lower boiling solvents. It is also a solvent for various types 
of resins used in the lacquer industry. Hexalin not only prevents blushing under 
the most severe conditions, but also produces a better flow in the application 
of the lacquer and a film free from orange peel. 

4322. It has been found that on adding approximately 10 per cent of hexalin 
the viscosity of the lacquer is greatly reduced. Various resins or nitrocellulose 
dissolved in hexalin can be thinned to a great extent with non-solvents without 
precipitation. 

4323. Cyclohexanol has been found available in connection with the preserva- 
tion of wood because, when converted into a watery solution or emulsion, it acts 
as a carrier for other substances. It has also a fungicidal effect. Its powers of 
reducing surface tension and, therefore, inducing ready and quick penetration 
enables it to carry various materials very thoroughly into and through the prod- 
ucts being treated. Experiments have been conducted by several experiment 
stations in different parts of the country to determine the extent of the fungicidal 
and germicidal value of hexalin in connection with plant life. 

Methyl Hexalin 

4324. This is sometimes also called heptalin. Methyl hexalin is a mixture of 
the three isomeric methyl cyclohexanols obtained by the hydrogenation of cresol. 
During the process of hydrogenation the acid character is lost entirely, the result- 
ing product is completely neutral and the odor is also entirely changed; in fact, 
instead of being rather disagreeable, the odor somewhat suggests camphor or men- 
thol, and does not change either in long storing or by slow evaporation. Methyl 
hexalin boils between 160° and 180° C. Its specific gravity is .93 at 15° C. and 
the flash-point is about 68° C. The dissolving capacity of methyl hexalin for 
fats, oils, waxes, resins, etc., is about the same as that of hexalin. 

4326. The greatest use of methyl hexalin is in connection with the manufac- 
ture of soaps and other detergent compounds. As in the case of most mono- 
hydric alcohols of high molecular weight the solubility of hexalin and methyl 
hexalin in water is very slight, in factTalmost nil, whereas watery soap solutions 
are capable of absorbing large quantities of these solvents. Olein potash soap 
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with a content of about 25 per cent of water dissolves any desired quantity of 
hexalin or methyl hexalin, and soap solutions with as little as 5 per cent soap 
content still absorb hexalin to the extent of many times the quantity of soap 
present. For methyl hexalin the solubility in watery soap solutions is somewhat 
less, but nevertheless in most cases well in excess of double the soap content. 
Methyl hexalin, like hexalin, dissolves magnesium and lime soaps and this dissolv- 
ing capacity is not lost in a watery soap solution so that such a preparation, used 
where hard water conditions prevail, is useful. 


Hexalin Acetate 

4326 . This is a colorless liquid with a typical ester-like odor. It is made by 
the esterification of cyclohexanol. It has a boiling-point of 175° to 185° C., speci- 
fic gravity .95. It is non-miscible with water and distils without decomposition. 
Hexalin acetate is a good solvent for soft and hard natural resins and gums 
(including hard copals) shellac, nitrocellulose, celluloid, crude rubber, fats, oils 
(fixed, mineral and essential), and waxes. Hexalin acetate is similar in its prop- 
erties and actions to butyl acetate and amyl acetate, but has, of course, a higher 
boiling-point. This ester of hexalin has not, up to the present time, found nearly 
as large a use as the alcohol, hexalin itself. 

Commercial Cyclohexanone * 

4327 . Cyclohexanone is a colorless liquid, with a smell resembling that of 
acetone. Boiling-point 155°-160° C.; density 0.95; flash-point 150° F. (66° C.) 
This anhydrous solvent distils without decomposition and may be steam distilled 
quantitatively from various mixtures. It is non-inflammable, non-explosive, and 
commonly considered to be non-toxic. It does not attack metals. 

Cyclohexanone is used in varnish, paint, enamel, polish, aviation dope, cellu- 
loid, film, artificial leather, linoleum, rubber, waterproofing industries, etc. In 
cellulose ester lacquers cyclohexanone is used as a solvent of the “ medium 
boiler ” type, assisting the flow of the lacquer over the surface and also preventing 
“ blushing ” or “ chilling.” Owing to the comparatively low volatility of cyclo- 
hexanone, cellulose ester lacquers made with this solvent can be brushed well. 
As cyclohexanone has a high flash-point it has a great advantage in this respect 
over many of the solvents commonly used in these lacquers. Nitrocellulose and 
celluloid are very readily soluble in cyclohexanone, giving perfectly clear solu- 
tions. Cyclohexanone is miscible in all proportions with butyl acetate, acetone, 
alcohol, white spirit, and turpentine. It is a solvent for colophony, ester gum 
and shellac. It is one of the few good solvents for hard copal resins, e.g., pale 
kauri, brown kauri, and Congo copal, and is a better solvent for these hard resins 
than acetone, ether, turpentine, and tetrachlorethane. Solutions of these resins 
readily permit the addition in the cold of several times their volume of boiled 


2 Somotimcs designated by the trade name “Sextono." 
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linseed oil. Synthetic resins of the phenol-formaldehyde type are soluble in cyclo- 
hexanone if they have not been polymerized too far. 

4328. Crude rubber dissolves completely in cyclohexanone on heating for a 
few hours at 60°-70° C.; 20 per cent solutions of plantation cr6pe, medium qual- 
ity wild rubber, and best quality wild rubber are easily obtained under these con- 
ditions. A 10 per cent solution of plantation crfipe is perfectly clear and has a 
viscosity no greater than that of an average sample of glycerol. A 10 per cent 
solution of medium quality wild rubber in this solvent has a remarkably low vis- 
cosity. Ten per cent and 20 per cent solutions of plantation crfipe, medium 
quality wild rubber, and best quality wild rubber give firm and adhesive films 
when dried on glass plates. 

4329. Cyclohexanone is a good solvent for fats, oils (fixed, mineral, and essen- 
tial), and waxes. 8 

4330. Cyclohexanol, Cyclohenxaone, etc. 4 Aromatic hydrocarbons, other 
than naphthalene or their substitution products, are hydrogenated by treatment 
with hydrogen in the presence of catalysts consisting of mixtures of nickelic 
oxide and cupric oxide, with or without the addition of manganic oxide. The 
material may be hydrogenated in either the liquid or gaseous state, and under 
ordinary or increased pressure. Examples are given of the production of cyclo- 
hexanol, a mixture of cyclohexanol and cyclohexanone, hexahydrotoluene, and 
hexahydroxylene, by hydrogenating respectively phenol at 140°-150° in the pres- 
ence of nickelic oxide and cupric oxide, phenol at 170°-180° in the presence of 
nickelic oxide, cupric oxide, and manganic oxide, toluene at 160°-200° in the 
presence of nickelic oxide and cupric oxide, and xylene at 180°-200° under 15-30 
atmospheres pressure in the presence of manganic oxide, cupric oxide and nickelic 
oxide precipitated on kieselguhr. 

4331. Determination of Hydrogenated Phenols, in Presence of Hydro- 
naphthalenes. Determination of Methylhexalin in Presence of Tetralin. 6 A 

method for determining methylhexalin in the presence of tetralin depends on the 
distribution of the former between the latter and water. If y be the amount of 
methylhexalin found in the water layer when 15 g. of a mixture of methylhexalin 
and tetralin are shaken with 300 g. of water, then x, the percentage content of 
methylhexalin in the mixture is given by the equation y 1 * 3 = 0.76x. In prac- 
tice the mixture is obtained free from impurities by steam distillation, the 
methylhexalin in the aqueous layer being extracted with ether and recovered, 
while that in the tetralin layer is shaken out with water and determined as 
above. 8 

4332. Hydrohexalin (in the Manufacture of Soaps and Water-soluble Oils). 7 

A water-soluble preparation of methylhexalin is commerically known as hydro- 

* The information in paras. 4327-4329 is obtained from matter furnished by Messrs. 
Howards and Sons, Ltd., and refers to their product M Sextone." 

4 Ger. Pat. 383,540, Mar. 24, 1918 (addition to 298,541), to A.-G. fvlr Anilin-Fabr., assignees 
of Marx and Momber. J.S.C.I. , 1924 , 578B. 

6 Lindner and Zickermann, Chcm. Umschau ., 1927, 34 , 199; Brit. Chcm. Abst., 1927 , 713B. 

• James. Determination [and detectionj of hexalin and methylhexalin in soaps. Seifen. 
ZUJ. % 1924, 51 , 859, 877; Chem. Abst., 1925, 19 , 742. The abstract is full. 

7 Arndt, Kunzltloffe , 1921, 17 , 4-5. 
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hex&lin (hydralin). This may replace Turkey red oil as general solvent and emul- 
sifier for fats, and should further simplify the manufacture of water-soluble oils. 
The solvent power of hydralin is equal to that of methylhexalin, but while 
methylhexalin is soluble only in aqueous soap solutions, hydralin will dissolve 
clearly in any proportion in water and stay continuously in solution even at a 
high dilution. Hydrocarbons, such as gasoline, benzene, kerosene, tetralin, deca- 
lin, euterpin, oil of turpentine, and carbon tetrachloride, will, when dissolved in 
hydralin, form stable emulsions with water. With the use of these in the manu- 
facture of hard and fluid soaps, products with good cleaning effects may be 
obtained. A number of water-soluble disinfectants with carbolic acid and cresol 
have been prepared from hydralin, but the latter alone, it is claimed, has disin- 
fecting power. 8 

4333. The Use of Hex&lin and Methylhexalin for Soap Making. 9 Experi- 
ments are recorded by Bergo in which 7.5 per cent methylhexalin were mixed 
with a charge of 50 tallow and 50 palm-kernel oil acids and the mixture was run 
into 50 parts of 39° caustic lye. Saponification occurred rapidly and then 5, 10, 
15 and 20 per cent of hydrocarbon oil (decalin) were added to small trial por- 
tions of the charge and, for comparison, the same tests were made using benzine, 
carbon tetrachloride, trichloroethylene, and tetralin. Those soaps which con- 
tained 5 and 10 per cent hydrocarbon oil were normal in consistency; those with 
15 and 20 per cent were slightly softer, and normal after air drying. All showed 
a good lather and possessed notable cleansing power. The odor of the decalin 
soaps was far better than that of the others. Bergo suggests that the textile 
industry is the proper field for such soaps, especially for the liquid potassium 
soaps. Two such liquid potassium soaps were made, one with 100 parts methyl- 
hexalin and 100 parts soya-bean acids, the other with 100 methylhexalin and 100 
palm-kernel oil acids. After a rapid saponification 50-100 per cent of methyl- 
hexalin, benzine, tetralin, etc., were added as before to small test portions. Some 
of these diluents thickened the soap in the smaller additions but thinned it again 
in the larger proportions. The finished soaps were clear liquids up to 200 per 
cent additions, but turbid above 200 per cent. When diluted with 10 volumes 
water, the soaps below 200 per cent gave clear solutions, those above 200 per 
cent produced permanent emulsions. The cleansing power of these methylhexa- 
lin soaps is good. 10 

4334. Bergo 11 recommends the use of hexalin and methylhexalin for soft 
soaps (potassium soaps) and liquid soaps. As much as 20 per cent methylhexalin 
produces soaps of excellent cleansing power. 12 

4335. Cheap Soaps and Economy in Washing Compounds. 13 An outline of 
small-scale preparation of heavily filled cold-made soaps, with a recommendation 
to introduce liquid soaps containing hexalin or methylhexalin, which increase 

8 Chem. Abst 1927, SI, 1367. 

• Bergo, Seifen. Zt(j., 1922. 49 , 416-7. 

10 Chem. Abst., 16 , 1922, 2789. 

11 Seifen. ZtQ., 1922. 361. 

12 Chem. Abst., 1922, 16 , 2619. 

18 Spangenberg, Z. dcut. Ocl Fett-Ind., 1923, 43 , 274-275. 
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their cleansing power beyond that of the best laundry soap is given in an article 
by Spangenburg . 14 

4336. While Schrauth 16 says that hexalin or methylhexalin when present to 
the extent of 20-30 per cent in soap prevents the formation of lime soap precipi- 
tates in hard water, Loffl ia says that this is true only of strong solutions. The 
solutions used in laundries are too weak. 

4337. Friesenhahn compounds ordinary soap with a mixture of higher alco- 
hols (e.g., cyclohexanol) and aromatic or hydroaromatic sulphonic acids (e.g., 
naphthalene sulphonic acid or hydronaphthalene sulphonic acid) or their sodium 
salts . 17 

4338. Welwart 18 describes the manufacture of hexalin, etc., and discusses 
the properties of hexalin and methylhexalin. He says that the addition of 
these substances, in small quantities, greatly enhances the detergent power of 
soaps. 

4339. Experiments on Mixtures Containing Rubber, Celluloid and Hexalin. 

Jones 19 reports that rubber and celluloid are insoluble in hexalin. Solutions of 
celluloid in amyl acetate and of rubber in benzine were, however, compatible 
with 20 per cent of hexalin (in total volume) added to the solutions. Very slow- 
drying varnishes were formed which had a brilliant gloss. 

4340. Hay 10 uses hexanol ( inter alia) for stabilizing bituminous emulsions. 

4341. Cyclohexanone is one of the agents used in a process for relustering 
dulled cellulose acetate fibers . 11 

4342. Among the additions to a coagulating bath for cellulose ester or ether 
films used by Barth616my are cyclohexanol, decalin, tetralin . 11 

4343. Oxidation products of hydrogenated crude cresols, which comprise a 
mixture of a, 0 and 7 -methyladipic acids together with lower homologs such as 
glutaric acid, are esterified as a whole with aliphatic, aromatic or cyclic alcohols 
to obtain products which may be used as substitutes for camphor in the manu- 
facture of celluloid . 13 

4344. Metallic resinates or linolates are dissolved in hydrogenized phenols, 
Buch as the cyclohexanols or their esters, or in cyclohexanone and its homologs, 
with or without the aid of other solvents. Solutions of resinates of aluminum, 
tin, zinc, manganese, and cobalt in cyclohexanyl formate constitute excellent 
siccatives. The solutions, with or without linseed oil or linseed oil varnish, can 
be used as vehicles in paints . 14 

14 Chem. Abst., 1923, 17 , 2791. 

11 S cifen. Zto., 1928, 55, 108. 

14 Ibid., 133. 

17 Brit. Pat. 285,174, Nov. 19. 1920. 

18 Chem. Ztg., 1923, 47 , 727; Chem. Abst., 1924, 18 , 1060. 

19 Rubber Age, 1922, 12 , 205; Chem. Abst., 1923, 17 , 900. 

10 Brit. Pat. 248,859, Dec. 16, 1924. 

11 Can. Pat. 276.514. Dec. 20, 1927, to Brigs, et al.; Chem. Abst., 1928, 22 , 2068. 

n Brit. Pat. 282.790, Dec. 28, 1927. 

13 Chem. Abst., 1927. 21 , 1355; Brit. Pat. 250.910, Apr. 14, 1925, to Claasen; Can. Pat. 

267,996, Feb. 1. 1927, to Claasen: Chem. Abst., 1926, 1660. 

14 Friesenhahn, Ger. Pat. 334,761. July 25, 1919; J.S.C.I. , 1921 , 399A. 
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4345. Dreher proposes hexalin or tetralin in a binding agent for paints.* **6 

4346. Hydrogenated Phenol as Anti-knock. Cyclohexanol or other hydro- 
genated phenol is added to water-free motor fuels in the proportion of 5 per cent 
to reduce knock.*® 

* s French Pat. 636,827, June 29. 1927. 

**Brit. Pat. 246,094, Jan. 19, 1925; Chcm. Abst., 1927, 21, 488. 



CHAPTER XLIV 


HYDROGENATION OF COAL AND RELATED HYDROCARBONS 

I 

Introductory and Experimental 

4400. Of recent years much time, money and energy have been spent on the 
problem of obtaining liquid fuel from coal. The total of the known and of the 
probable future potential supplies of petroleum is smaller than the quantity of 
coal known to exist in seams already explored. Nevertheless the former figure is 
stupendous, and the urge to convert coal into oil is due not to fear of imminent 
exhaustion of natural fuel oil sources but to the geographical distribution of the 
latter. Almost all naval steamships and a steadily increasing number of mer- 
chant vessels use liquid fuel for steam raising. Internal combustion engines of 
the Diesel type are being installed in a large percentage of new ships. Neverthe- 
less, some of the greatest maritime countries must import all the fuel oil needed 
for their fleets. Some of these nations, e.g., Great Britain, France and Ger- 
many, have, however, rich domestic coal supplies. It is this combination of cir- 
cumstances that has stimulated the search for a means of obtaining fuel oil from 
coal. 

4401. A full account of the work done in this field in Germany up to 1925 
will be found in Fischer's Die Umwandlung der Kohle in Ole. 1 More recent 
information, albeit somewhat vague and general, is contained in the Proceedings 
of two International Conferences on Bituminous Coal (1926 and 1928). 

4402. The proportion of hydrogen in coal is always much lower than in the 
liquid hydrocarbons and other liquid fuels. It follows that the production of the 
latter from coal involves hydrogenation. This may take place by transfer within 
the molecules of the coal constituents, without hydrogen of extrinsic origin. The 
intrinsic hydrogenation is, evidently, limited and results in the production of 
volatile (gaseous and liquid) hydrogen-containing products and of a residue, poor 
in hydrogen, such as heavy tars and coke. This type of process, modified in 
various ways according to the end in view (production of illuminating gas, etc.), 
will not be dealt with here. We shall confine ourselves to the hydrogenation of 
coal with hydrogen of extrinsic origin. The indirect hydrogenation of coal, i.e., 
the production of water-gas and the conversion of the latter into methanol, 
hydrocarbons, etc., is the subject matter of a special section, viz., Chapters LII 
toLV. 

1 Enfcliflh translation with additions. The Conversion of Cool into Oils: New York, 1925. 
Van Nostrand Company. 
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Experimental 

4403. The first attempt to hydrogenate coal was made by Berthelot,* some 
sixty years ago. His procedure was to treat finely powdered coal with saturated 
hydriodic acid solution at 270° C. for many (e.g., twenty-four) hours. The 
products were (calculated on the weight of coal): bituminous residue, 33 per 
cent; liquid hydrocarbons (mostly saturated, but including some cyclic com- 
pounds), 60 per cent. The gases consisted chiefly of hydrogen. The quantity 
of iodine released was twelve times the weight of the coal. 

4404. Berthelot obtained similar results with wood and with lightly carbon- 
ized charcoal. With pure carbon, with coke and with fully carbonized charcoal 
the attempt failed. 

4405. Many years later the method of Berthelot, modified by the addition 
of red phosphorus to the reacting substances, was used by Tropsch.* This 
worker tested coals of various ages and found that, generally, the younger the coal 
the greater the susceptibility to hydrogenation. The result has since been con- 
firmed by workers using other methods of hydrogenation. Anthracite (coke 
yield 89 per cent) treated by Tropsch’s method during twelve hours at 200° C. 
yielded only 12 per cent of hydrogenated substances soluble in chloroform. At 
the other end of the series, a gas-flame coal (coke yield 64 per cent) gave 70.3 per 
cent of extract. 

4406. Proceeding in the same way, but increasing the temperature and, 
therefore, the pressure, liquid hydrocarbons resembling petroleum were obtained. 
Gas-flame coal was extracted with chloroform and 0.5 g. of the residue was 
placed in a pressure tube with 1 g. of red phosphorus and 10 cc. of hydriodic acid 
(sp. gr. 1.7). The mixture was heated for six hours at 280° C. Petroleum-like 
liquids to the amount of 30 per cent of the weight of the coal resulted. The non- 
volatile bituminous residue was, for the most part, soluble in chloroform. 4 

4407. Hydrogenation with Sodium Formate. In a research carried out by 
Fischer and Schr&der 6 the source of hydrogen was sodium formate, which, on 
heating, readily liberates hydrogen and carbon monoxide. In blank experiments 
a given specimen of brown coal, heated under pressure at 400° C. for three 
hours, without addition of formate, gave the following results: without addition 
of water, ether soluble product, 1.3 per cent of the ash-free, dry coal: with addi- 
tion of water, 10.1 per cent. 

4408. The same coal under similar conditions, but with addition of twice its 
weight of sodium formate gave: without added water, ether soluble, 44 per cent 
of the ash-free, dry coal: with addition of water, 44.9 per cent. 

4409. Further experiments showed that, in hydrogenation with formate, 
added water did not increase the yield. The optimum temperature was found to 
be 400° C. The ether extract, at this temperature, was a reddish-brown paste. 

* Bull. Soc. Chem., 1869, [ 2 ). 11, 278; Ann. Chim. t 1870 [4], 20 , 520. 

1 Fischer and Tropsch, Abh. Kohl, 1917, 2 , 154. 

4 Fischer, The Conversion of Coal inlo Oils, New York, 1925, Van Nostrand Company, 
177-179. 

4 Fischer, loc. cik , 179-187; Fischer and Schrftder, Brennsloff-Chem., 1921, 2 , 161, 257; 
Abh. Kohle , 1920. 5 , 470, 563. 
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The ether solution of this extract showed, always, a fine yellow-green fluores- 
cence. 

4410 . This formate method was tried out on a large number of substances 
ranging from anthracite to cane sugar. The conditions of the experiment were 
the same in all cases. Four grams of the material were heated together with 
8 g. of sodium formate and 8 cc. of water, to 400° C. for three hours, in a steel 
autoclave of 31 cc. capacity. The results are shown in the following table: 


Materials Arranged According to Yield op Ether-Soluble Products of 

Htdroqenation 4 

(In Per Cent of Organic Substance Used) 


Bituminous Coal 

Brown Coal 

Peat, Wood, etc. 

Anthracite 

1.6 



Charcoal 

5.9 

Fat coal 

9.2 





•Seini-coko 

9.8 





Lean coal 

10.7 



Cellulose 

12.9 





Cane sugar 

17.3 





Fir wood 

19.5 





Beech wood 

19.6 





Lignin 

22.3 





Peat 

24.2 

Fat coal (liable to spon- 






taneous ignition) . . . 

26.3 

Lignite 

. 26.8 



Cannel coal 

28.2 

Semi-coke 

. 32.4 





Rosenthal coal 

. 36.3 





Ulmic acids 

. 37.1 



Gas-flame coal 

39.2 

Saxon carbonizing coal . 

. 43.4 





Rhenish brown coal . . . . 

45.0 




4 Fischer, loc . cit 184. 


4411 . The ether-soluble hydrogenated product from coal seems chiefly 
derived from the lignin constituent and is, therefore, composed mainly of cyclic 
hydrocarbons. On ultimate analysis the carbon content runs about 85 per cent, 
the hydrogen about 8 per cent. Fractionation of the product from a brown coal 
gave the results shown in the table below. 


Distillation or Ether-Soluble Portion of Hydrogenated Brown Coal 7 


Temperature, 

Degrees 

Grams 

Per Cent 

Property of Distillate 

100-200 

0.28 

4.1 

Mobile. 

200-250 

0.64 

9.4 

Limpid. 

250-300 

0.71 

10.4 

Thicker. 

300-350 

3.31 

48.6 

Thin paste. 

Residue 

1.87 

27.5 

Solid, dark, opaque. 


6.81 

100.0 



7 Fischer, loc. cit., 186. 
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4412. Subjected to destructive distillation, without ether extraction, hydro- 
genated brown coal gave the following results: 


Destructive Distillation of Hydrogenated Brown Coal • 


Experiment 

Number 

Kind of 
Distillation 

Product of Distillation 

Tar Percentage 
of Ash-Free 
Dry Coal 

Coke Percentage 
of Dry Coal 

1 

Ordinary 

27.3 


2 

Ordinary 

26.6 


3 

Ordinary 

23.2 

48.8 

4 

Ordinary 

23.0 

50.3 

5 

Ordinary 

26.6 


6 

Steam 

35.1 

53.1 

7 


21.9 

61.1 

8 

Steam 

30.0 

51.3 


* Fischer, loc. cit. t 187. 


4413. Hydrogenation with Hydrogen and with Carbon Monoxide. In the 

work epitomized in paragraphs 4407-4412 Fischer and Schrader depended on the 
thermic decomposition of formate to furnish the hydrogenating agents, hydro- 
gen and carbon monoxide. They next carried out a research in which hydrogen 
and carbon monoxide were supplied, in gas form, from outside sources. 

4414. In one series of six experiments, on Rhenish brown coal, in each case 
20 g. of coal were heated for three hours to 400° C. in an iron autoclave. In the 
first experiment, the coal was heated alone; in the second, with water; in the 
third, with hydrogen; in the fourth, with hydrogen and water; in the fifth with 
carbon monoxide; in the sixth, with carbon monoxide and w'ater. The gas pres- 
sures measured at room temperature w*ere: hydrogen 130 atmospheres; carbon 
monoxide 140 atmospheres. The yield of ether-soluble hydrogenated product 
in the sixth experiment was about 30 per cent of the weight of the dry, ash-free 
coal. This was nearly 20 times the yield in the fourth experiment, which w r as 
the next best. Fischer attributes this superiority of carbon monoxide and water 
over hydrogen and water to the production of hydrogen in the nascent state by 
the interaction of carbon monoxide and steam. This is suggested by the fact 
that the sixth experiment gave the largest yield of carbon dioxide. 

4415. At the end of this sixth experiment, the water was found overlying a 
yellow-brown layer of the consistency of petroleum jelly. There was also some 
black coal powder. These products were examined. The ether-soluble portion 
was fractionally distilled with superheated steam. There were thus obtained: 
brown, mobile oil, 15 per cent; yellow substance of buttery consistency, 40 per 
cent; soft, brown pitch, 12 per cent; residue in retort, 32 per cent. The black 
ether-insoluble powder gave up 53 per cent to boiling pyridine. One-quarter of 
the residue dissolved in boiling dilute hydrochloric acid, with evolution of sul- 
phuretted hydrogen. 
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4416. This method was used, also, in comparative experiments with gas- 
flame coal, with semi-coke from bituminous coal, and with semi-coke from brown 
coal. In these experiments the gas pressure at room temperature was 90 atmos- 
pheres. Again, in each case, carbon monoxide was more efficacious than hydro- 
gen. The semi-coke from bituminous coal proved refractory: even with carbon 
monoxide the ether-soluble product was only 0.58 per cent of the ash-free, dry 
coal. Very different was the behavior of semi-coke from brown coal, which 
yielded, with carbon monoxide, 22.37 per cent and, with hydrogen, 1.48 per cent 
of ether-soluble. Gas-flame coal gave 13.20 per cent with carbon monoxide and 
10.47 per cent with hydrogen. 

4417. Hydrogenation of Coke, Peat or Petroleum. 9 The materials are hydrogenated by 
heating to 100° C. or more, under increased pressure, with carbon monoxide and water, 
or aqueous solutions, or suspensions. 

4418. Influence of Pressure. In experiments of this kind, using Rhenish 
brown coal, increasing the gas pressure, in the case of hydrogen from 50 atmos- 
pheres to 90 atmospheres and, in the case of carbon monoxide, from 50 atmos- 
pheres to 140 atmospheres, was found to have only a moderate effect on the 
yield of ether-soluble product. Thus, with carbon monoxide, at 50 atmospheres 
the yield was 22 per cent; at 90 atmospheres it was 25 per cent; at 140 atmos- 
pheres it was 29.7 per cent. With hydrogen, at 50 atmospheres it was 17.4 per 
cent; at 90 atmospheres it was 21.8 per cent. 

4419. Influence of Temperature. Experiments made with a view to ascertain- 
ing the optimum temperature, while not entirely consistent in their results, point 
to a temperature between 350° C. and 450° C. as the best. With carbon mon- 
oxide at 140 atmospheres the yields of ether-soluble products were: at 300° C., 
8.8 per cent; at 350° C., 19.6 per cent; at 375° C., 25.9 per cent; at 400° C., 
29.7 per cent. 

4420. Autoclave Material. Iron is known to be an active catalyst of the con- 
version of carbon monoxide to the dioxide in the water-gas reaction. If it is true 
that the superior efficacy of carbon monoxide is due to the production of nascent 
hydrogen in the body of the coal-water-gas mixture, that part of this valuable 
reaction which would take place at the wall of an iron autoclave would thereby 
be lost. Comparative tests with iron and with copper autoclaves failed to fur- 
nish evidence of this effect. At 350° C. the copper and, 400° C., the iron vessel 
gave the better yield. 

4421. Influence of Water. Twenty grams of brown coal were heated 
with carbon monoxide under 140 atmospheres original pressure, for three hours 
at 400° C., with varying quantities of water. With 10 cc. of water the yield of 
ether-soluble products was 2.20 g. (13.9 per cent); with 20 cc. of water, 4.65 g. 
(29.4 per cent); with 40 cc. of water, 5.56 g. (35.1 per cent). 

4422. Summary. In the hydrogenation of coal with carbon monoxide and 
water the completion of the process is favored by increase in the gas pressure, in 
the quantity of water, and, up to a certain point, in the temperature. In the 

9 Ger. Pat. 382,367, Oct. 24, 1920, addition to 370,975 to Fischer and Schrftder. 
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conditions of these experiments carbon monoxide is more efficacious than molecu- 
lar hydrogen, though less so than sodium formate. 

4423. Hydrogenation of Lignite by Means of Carbon Monoxide in Presence of Ammonia 
and Pyridine. The hydrogenation of lignite (union briquettes) by means of carbon monoxide 
and water in presence of ammonia or pyridine, added to increase the stability of the formic 
acid produced as intermediate product, gave no greater yield of hydrogenation product soluble 
in ether than former experiments without the addition of these bases. 10 

4424. Powdered coal and finely divided iron are injected into a reaction chamber together 
with steam. Hydrogen is obtained from the steam and iron, and reacts with the coal at 
25-30 atmospheres and 400° C. Any carbon dioxide formed may bo absorbed by lime, and 
hydrocarbons are obtained. The reaction chamber may be of catalytic material such as nickel. 11 

4425. Hydrogenation with Sodium Carbonate and Hydrogen. Schrader hav- 
ing observed that formate is produced by heating sodium carbonate solutions 
with hydrogen under pressure, 11 Jaeger, at Fischer’s suggestion, 11 investigated 
the possibility of using this reaction to replace preformed formate, or carbon 
monoxide and hydrogen in the hydrogenation of coal. 

4426. Twenty-five grams of Rhenish brown coal were heated with 100 cc. of 
normal sodium bicarbonate solution for two hours to 400° C. at various hydrogen 
pressures. At 20 atmospheres the yield of ether-soluble product was 10 per cent; 
at 60 atmospheres it was 19 per cent; at 100 atmospheres 36 per cent. Further 
experimentation showed that both the bicarbonate and the water were essential. 
The most favorable temperature was again found to be 400° C. 

4427. The coal residue was caked and therefore the contact with the reac- 
tion mixture was poor. Shaking at 300° for two hours with an initial hydrogen 
pressure of 30 atmospheres gave 8.4 per cent of ether-soluble; four hours at 60 
atmospheres initial gave 12.6 per cent, ether soluble. Owing to the fact that the 
maximum pressure admissible with the shaking autoclave was 150 atmospheres, 
temperatures higher than 300° C. could not be used in presence of water. 14 

4428. Lego's 11 process seems to be related to this line of work. Coal, alkali or alkaline- 
earth salts, alkali or alkaline-earth carbonates, and water are allowed to interact under 
pressure and at the necessary temperature. After being brought into contact with alkali 
or alkaline-earth chlorides in a further working chamber, the gas mixture produced is allowed 
to interact at 400°-700° C. in the presence of iron and other metals or metallic oxides as cata- 
lysts, then passed over iron or copper at 300°-400° C., and the products condensed in the 
solid or liquid form. The residual gases are used for heating purposes. 14 

4428A. Plauson 14# proposes heating a caustic soda emulsion of carbonaceous material 
under pressure with hydrogen or a gas such as carbon monoxide or nitrogen. 

4428B. A process 144 for obtaining low-boiling products utilizable as benzine substitutes 
consists in mixing in approximately equal proportions brown coal and hydrocarbon such as 

10 Schrader, Gee. Abh. Kennt. KohU , 1921, 6 , 18 8; Chem. Zcntr ., 1924, 95 , I, 839. 

11 Chem. Age (London), 1927, 16, Apr. 30; Brit. Pat. 266,311, to Gaertner (Interna- 
tional Convention date February 18, 1926). 

u Schrfider, Ges. Abh. Kennt. KohU , 1921, 6 , 77. 

14 Fischer, loc. cit., 195. 

14 Cf. Fischer and J&ger. Hydrogenation of lignite with hydrogen in presence of sodium 
bicarbonate, Ges. Abh. Kennt . Kohte , 1925, 7, 141; Chem. Abet., 1927, 21, 4047; Fischer 
and Pichler. Formation of gaseous and liquid hydrocarbons by the action of steam and 
alkali on semi-coke, Brennatoff-Chem., 1928, 9, 200; Chem. Abst., 1929, 23, 1384. 

14 French Pat. 602,007. Nov. 17. 1924. 

14 Brit. Chem. Abst., 1927, 516B. 

1S * Vicllo and Plauson, Brit, appln., 160,789, not accopted, date March 21, 1921. 
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crude naphtha. The mixture is finely ground and from 3 to 5 per cent of alkaline earth nitrate 
is added. It is then sprayed into a distillation chamber in the presence of an air-steam mix- 
ture heated to 600-700°, whereby it is decomposed. The conversion amounts to only 4 per 
cent for the coal and 18 per cent for the naphtha. 

4429. The Production of Ammonia and Hydrocarbons from Lignite Coke. Hoffmann and 
Groil 17 discuss the action of steam at 500° C. on lignite coke, with description of experi- 
ments with various catalysts. 

4429A. Fischer and Pilcher u were unable to confirm the statement of Hoffmann and 
Groil that hydrocarbons could be made by passing nitrogen with steam over activated lignite 
coke mixed with various metal and oxide catalysts. 


Berginization 11 

4430 . The hydrogenation of coal at high temperatures with hydrogen at high 
pressures is usually associated with the name of Bergius, and the convenient 
term “ berginization ” is now frequently applied to this kind of process. 

4431 . Before, however, describing Bergius' own processes we must deal with 
some experiments which were made after he had applied for his earliest patent, 
but before the contents of his specification were made public. In 1914 Fischer and 
Keller 20 experimented with the destructive distillation of bituminous coal under 
high hydrogen pressure. These experiments showed: “ Firet, that the tar or oil 
yields, at high hydrogen pressure, are several times greater than those obtained 
at ordinary pressure; and secondly, that, even at 500° C., the amount of coke 
residue is inversely proportional to the hydrogen pressure, so that with rising 
hydrogen pressure the formation of volatile constituents, and mainly of methane, 
increases.” 21 

4432 . While investigating the thermal decomposition of heavy hydrocarbon 
oils at high pressures, Bergius observed that by subjecting such oils to a tem- 
perature of 450° C., under a hydrogen pressure of over 20 atmospheres, he was 
able to produce petroleum spirit consisting of saturated hydrocarbons. 22 Later 
he specified an initial hydrogen pressure of 100 atmospheres, measured at room 
temperature. This at 450° C. would give pressures much over 200 atmospheres. 21 

4433 . Bergius had already made an artificial coal 24 by heating cellulose for 
eight hours at 340° C. under a pressure of 100 atmospheres. 26 He now applied 
to this product the method of hydrogenation which he had successfully used 
with heavy hydrocarbon oils. By heating this artificial coal at 400° C. in a bomb 
with hydrogen, he obtained a 70 per cent conversion to a product soluble in ben- 
zene. On evaporation of the solvent the residue was similar to a natural mineral 

lu Brit. Pat. 4340, July 29, 1915, to Plauson and Schroder. 

17 Z. anycw. Chem., 1927, 40, 282; Chem. Abat ., 1927, 21, 1880. 

>• Bren natoff-Chcm . , 1927, 8, 307. 

19 Where processes are applied both to coal (or coal product*) and to petroleum, they 
will be dealt with partly in this section and partly in subsequent chapters. 

70 Ota. Abh. Kennt. Kohle , 1916, 1, 14S. 

11 Fischer, loc. cit. % 197. 

** Ger. Pat. 304,348, 1913; U. S. Pat. 1,344,671, June 29. 1920. 

“ Brit. Pat. 4574, 1914. 

74 J.S.C.I., 1913, 462B. 

74 Cf. Tropsch and Philippovitch. Artificial production of coal from cellulose and li*nin 
in the presence of water. Gea. Abb. Kennt. Kohle , 1925, 7, 84; Brit. Chem. Abat., 1926, 858B. 
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oil. The application of this discovery to the hydrogenation of natural coal was 
a short and obvious step. 

4434. Berginization of Coal. Probably the first patent disclosing the appli- 
cation of the Bergius process to coal is the British patent 18,232, of Aug. 1, 
1914. 16 It is described aaa“ Process of treating coal and similar substances to 
obtain oils, ammonia and other products.” The coal or other solid carbonaceous 
material is subjected to the action of hydrogen at pressures above 10 atmos- 
pheres, and to a temperature between 300° and 500° C. Under these conditions 
the hydrogen reacts directly with the coal, and forms without production of 
uncondensable gases, valuable hydrocarbons, which are either liquid at ordinary 
temperatures and pressures, or have low melting-points. In place of hydrogen, 
gases containing hydrogen, such as water-gas, may be employed, or substances 
which yield hydrogen, such as calcium hydride, may be used. It is advisable to 
operate the process in the presence of a solvent for the products formed during 
the reaction, petroleum distillates being suitable for this purpose. The nitrogen 
of the coal is recovered in the form of ammonia in the reaction vessel. 27 

4436. The following details are taken from the description given by Bergius 
and Billwiller. On heating coal with hydrogen to a temperature between 300° 
and 500° C., at pressures up to 200 atmospheres, the hydrogen combines with 
the coal, forming hydrocarbons which are liquid at ordinary temperature or have 
a low melting-point. Only a very small amount of methane is produced. Thus, 
they obtain distillates from coal amounting to nearly 100 per cent of the car- 
bonaceous substance, whereas by the usual method of distilling coal the liquid 
products usually do not exceed 3 per cent. The nitrogen contained in the coal 
is transformed into ammonia. Some bodies of the phenolic type are produced. 
The reaction is shortened if a solvent such as benzine is employed. The process 
is applicable to the treatment of wood, peat, tar and pitch in like manner. Ber- 
gius and Billwiller give several illustrations of the method of procedure, the fol- 
lowing being noted: 1. Four hundred kilograms powdered coal are filled into a 
pressure-resisting vessel of about 400 liters capacity, which is connected to a 
tank in which hydrogen is held under 200 atmospheres pressure. After fifteen 
hours the connection with the hydrogen tank is turned off and the vessel is 
emptied. About 10 to 15 kg. of hydrogen have been then consumed, according 
to the quality of coal used. From the contents of the vessel more than half of 
the coal can be separated from solid residue as liquid. The remaining part of 
liquid products in the solid residue can be gained by extraction. 2. One hun- 
dred and fifty kilograms powdered coal are placed with an equal quantity of 
heavy benzine in a pressure-resisting vessel of about 400 liters capacity, con- 
nected to a hydrogen tank. For the purpose of mixing, the vessel is rotated. 
After twelve hours, at a temperature of 400°, the vessel is opened and the liquid 
produced is separated from the solid residue. Only 15 per cent of the weight of 

Tho application date of the corresponding German patent is Aug. 8. 1914. 

17 J.S.C.I., 1916. 35 , 167. Sec also J.C.SJ. . 1930 , 743A; U. S. Pat. 1,342.790. June 8, 
1920 (assigned to Chem. Found., Inc.); U. S. Pat. 1,251,954, 1918, to Bergius and Billwiller; 
Brit. Pat. 148,436, 1920. 
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coal employed is then left. The remaining 85 per cent is dissolved in the solvent. 
The consumption of hydrogen is about 5 kg. 

4436 . It will be noticed that already at this early date Bergius was mixing 
the coal dust with a “ solvent.” Later this oily admixture acquired a new and 
important function. It appears that in 1913 Bergius was working a batch and 
not a continuous process. When he developed a continuous process the added 
oil served to render the mass pumpable. Nevertheless its earlier function as a 
solvent of the reaction products was and remained essential to the completion 
of the hydrogenation. Powdered coal (clarain) alone heated to 400° C. for 
twenty-nine hours, under a maximum hydrogen pressure of 154 atmospheres in 
a rotating autoclave absorbed only a small amount of hydrogen; it remained 
solid but was found to yield 11 per cent of matter soluble in chloroform. 18 

4437 . Durey has a process for the production of hydrocarbons resembling natural petro- 
leum in which bituminous coal, lignite, tar, heavy oils, or vegetable or animal oils are hydro- 
genated by heating with hydrogen or other hydrogenating gas to pressures between 200 and 
800 kg. 1# 

4438 . Nash and Shatwell 10 found that coal could not be berginized when 
heated alone with hydrogen, but liquefaction was obtained when a “solvent 
such as phenol or heavy mineral oil was used. Owing to the difficulty of separa- 
tion when oil was used (in an experiment with clarain) phenol was substituted. 
Clarain with phenol, three hours at 416° C., 123 atmospheres hydrogen pressure, 
absorbed 2 per cent hydrogen, gave 56.2 per cent phenol soluble, 20 per cent 
insoluble, 23.8 per cent loss. Treated for thirteen hours at 416° C., 150-160 
atmospheres, a like mixture absorbed 5.48 per cent hydrogen. Thirty-seven per 
cent of the coal had been liquefied. Substituting nitrogen for hydrogen produced 
only 8.3 per cent phenol soluble. Durain with phenol treated for ninety-six 
hours, with daily renewal of the hydrogen, absorbed 3.8 per cent hydrogen, giv- 
ing 45 per cent insoluble residue. Fusain (95 per cent carbon, 2 per cent hydro- 
gen) showed almost no berginization. 81 

4439 . Working on the same lines Skinner and Graham 22 report that a Ger- 
man brown coal, two Devonshire lignites, and semi-coke prepared from the last 
two at 440°, mixed with twice their weight of phenol, were hydrogenated at 
about 415° under about 120 atmospheres pressure for about eight to twelve hours. 
The resulting products were extracted from the autoclave and all the phenol- 
soluble products removed. These were precipitated by caustic soda and there 
were separated an oil and a flocculent precipitate, which were extracted with chlo- 
roform, in which the solid was insoluble. In this manner yields and analyses of 
the phenol-insoluble residue, phenol-soluble, chloroform-soluble brown oil, and 

28 Shatwell and Graham, Fuel, 1925, 25-30. See Waterman and Doting, Chimie et 
Industrie, 1929, Spec. No., 218; Chem. Abst., 1929, 33 , 3559. 

» Brit. Chem. Abst., 1937 , 273B; French Pat. 007,088, Mar. 23, 1925. 

Colliery Guardian, 1924, 138 , 1435; Chem. Abst., 1925, 19 , 1188. 

81 The same and similar work is reported by Shatwell and Graham in Fuel in Science and 
Practice, 1925, 4 , 25, 75,* 127; more analytical data are given. Bergius’ claims are confirmed, 
but not his statement that 85 per cent carbon content is the limit for berginization. The 
heavy losses on clarain and durain are attributed to gas, water and phenols. 

88 Fuel, 1925, 4 , 474. 
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phenol-soluble, chloroform-insoluble brown powder were obtained. Ash con- 
tent does not seem to affect the result much; Fischer's observation that the 
oil yield is increased by the presence of water is substantiated; hydrogenation 
appears to take place by the addition of hydrogen to molecular groupings in both 
the original substances and their cokes, and by the addition of hydrogen to the 
products of thermal decomposition at the moment of formation. Bergius' claim 
that complete conversion of a coal can be obtained if its carbon content is less 
than 85 per cent is not confirmed, although the conditions of hydrogenation were 
admittedly less drastic than those used by Bergius. 33 

4440 . Bohemian waxcoal (corona) 600 grams, was subjected to berginixation in a 5-liter 
revolving autoclave at 200 atmospheres and 400°-450° C. Apparently no " solvent " 
was used. After two hours’ treatment a 50 per cent yield of liquid was obtained. 14 

4441. Work done at the Mines Research Laboratory, Birmingham (England) 
and reported by Graham,* 5 failed to confirm the view of Bergius that the quality 
of the coal was of minor importance. The best results were obtained with para- 
bituminous coals (Seyler's classification). But on the whole the results were less 
favorable than those reported by Bergius. On this point the work was criticized 
by Ormandy, firstly, because of the non-continuous nature of the Birmingham 
experimental plant and, secondly, because of the use of phenol as a solvent. 3 * 

4442 . In two reports Graham and Skinner 37 describe this work on berginixation in detail. 
Coal samples (60-mosh) were treated in a 3-liter steel autoclave, gas-hcated and rotated at 
about 60 r.p.m. In all experiments 200 g. of coal were used suspended in 100 g. of phenol. 
The maximum pressure during hydrogenation was 145-150 atmospheres, the temperature 
was kept at about 430°, and the total duration of heating was eight hours carried over two days, 
the hydrogen being renewed. The products of reaction were first distilled in an aluminum 
retort up to 150°. The light spirit fraction was washed with dilute caustic solution and the 
remaining products were further treated with chloroform, thus yielding (o) phenol-insoluble, 
(6) phenol-soluble, chloroform-insoluble, and (c) phenol-soluble, chloroform-soluble fractions. 
Products (c) were further separated into fractions distilling up to 300°, and between 300° and 
450°. The results show yields varying from 5.8 to 109 gal. of total oil per ton of coal, cor- 
responding to gasoline yields of 2.8 to 23.9 gal. per ton of original coal. The addition of ferric 
oxide as catalyst to the original charge increased the gasoline yield from an equivalent of 9.5 to 
15 gal. per ton of coal; there was also an increase in tar oil and amount of aqueous liquor 
produced, but the yield of product (6) was practically unaffected. In general, the yields of 
tar oil (product c ) are less than those obtained by Bergius. The effect of raising the hydrogen 
pressure was to increase the yield of tar oil. The solid residue left after hydrogenation aver- 
ages about 20 per cent, and the yield of gaseous products is about 20 per cent by weight of tho 
original coal. The general conclusions are that gasoline suitable for internal-combustion 
engines may be obtained, on an average, in amount up to 25 gal. per ton of coal treated. 
The value of the heavier oil, however, is not so assured. Certain coals have proved to be 
more suitable for treatment than others, and these appear to fall into the para-bituminous 
division of the Seyler classification. Those having a carbon : hydrogen ratio between 15.5 
and 16.5 appear to give the highest oil yields. From calculations of the costs of tho process 
it is considered that such coals could possibly be worked at the present time with profit.* 

33 Brit. Chem. Abat., 1925 , 947B. 

34 Nov&k and HubAcek, Poliva a Topeni, 1927, 9 , 145; Chem. Abat., 1928, 22 , 4228. The 
effects of various catalysts are reported, as also is the chemical character of the products. 

33 Chem. Age (London). 1929, 20 , 25. 

,e Cf. Lush’s remarks which were prompted by this discussion, para. 4445. 

17 J. Inst. Petrol. Tech., 1928. 14 , 78; Fuel, 1928, 7 , 543. 

38 Brit. Chem. Abat., 1928 , 557B. Note that the gallon here mentioned is the imperial gal- 
lon of 160 ounces — not the U. S. gallon of 128 fluid ounces. 
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4443. The addition of ferric and nickel oxides increased the oil yields appreciably, but 
the most effective catalyst for this purpose was ammonium molybdate. The results of the 
hydrogenation of Warwick slate vitrain and of the residue after extracting the coal with 
phenol at 185° indicate that the extract is not converted into oil in the process, but appears 
in the phenol-insoluble residue. On the other hand the pyridine-soluble constituents of a 
Staffordshire coal appeared to be completely converted into oil. Fine grinding of the coal 
increases its tendency to coke during the process. The phenol-insoluble residue is richer 
in carbon, and generally, but not always, poorer in hydrogen than the original coal. On 
carbonizing this residue at 600° usually only a powdered coke was produced; the products 
from Warwick slate vitrain and from Graigola coal, however, produced coherent cokes, the 
latter giving a more strongly swollen coke than the original coal." 

4444 . Comparative experiments with boghead coal and with true cannel coal 
have led Skinner and Graham to the conclusion that neither the former, nor 
Scotch shale which resembles it, would repay efforts to berginize it. 40 All this 
work must, however, be taken with the reserves indicated by Ormandy (para. 
4441). Even if they are conclusive in regard to Scotch shale this is not universally 
true of oil shales for Kogermann 41 reports distinctly more encouraging results 
with Esthonian oil shales. True, the total yield of oil was not increased on hydro- 
genation, but the quantity of light oils was greater and these were more satu- 
rated. The phenolic content was decreased. 

4444A. An examination of the products of the hydrogenation of Siberian boghead coals, 
together with results of the action of alcoholic potassium hydroxide on these coals, leads to 
the conclusion that they consist of saturated and unsaturated monocarboxylic acids of the 
aliphatic series, of cyclic and polycyclic acids, and of neutral oxygenated compounds of cyclic 
structure. On hydrogenation the cyclic acids eliminate carbon dioxide and are transformed 
into cyclic hydrocarbons. The products of hydrogenation contain no phenols. 4 u 

4446 . Lush 41 has commented on the propriety of using phenol as a solvent 
or suspension medium in experimental berginization. Not only is phenol a prod- 
uct of the process but it is, under the conditions prevailing, readily converted to 
cyclohexane. Lush himself reports that he has converted several gallons of phenol 
to cyclohexane at 160° C. and under 15 atmospheres pressure, conditions far 
milder than those used in berginization. This involves absorption of hydrogen, 
and cyclohexane is a constituent of “ Bergin spirit.” Now Ormandy has reported 
the formation of 20 per cent of phenols in berginization, while Graham, using 
phenol as solvent, found an increase of only 4 per cent. Lush's remark on this is 
that we may here have the mass action of the solvent phenol depressing the nor- 
mal formation of phenols. This has two bearings, one theoretical, the other prac- 
tical. First, it may be seen as supporting, by analogy, the view that the essen- 
tial r61e of the hydrogen itself is to suppress the formation of the 3-4 per cent of 
hydrogen normally present in gas from high-temperature carbonization. Sec- 
ond, it may afford a method of controlling the nature of the product, by putting 
undesired substances into the reaction mixture in equilibrium proportions. 

* Brit. Chcm. Abat., 1929, 81B. 

40 Fuel, 1927, 74; Brennstoff-Chem ., 1927, 175. 

41 Petr. Times, 1927, 18, 903; Chem. Abat., 1928, 22, 680. 

4U Stadnikov and Kaschtanov, Brennstoff-Chem., 1929, 10, 417-419; Brit. Chem. Abat., 
1930, 57 A. 

41 J.S.C.I. . 1929, 48, 112. 
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4446 . To this matter of phenol formation and hydrogenation during bergini- 
zation the observations of Fischer and Tropsch 43 on the behavior of cresols are 
directly relevant. 

The reduction of o-, m-, and p-cresol by hydrogen under pressure proceeds very slowly, 
with the formation of phenol, toluene, and methane and its homologs, showing that a reduc- 
tion to hydrocarbons as well as the splitting off of the methyl group has taken place. The 
speed of the reaction is so slow, however, that it is impossible for the phenols formed in the 
primary decomposition of coal to be appreciably acted upon by hydrogen during the Bergius 
process. 44 

4446A. Dunstan, 46 however, reports that cresylic acid can be reduced substantially to 
hydrocarbon by simple cracking in the vapor phase at 750° C., without hydrogen and without 
pressure. The difference between this result and those of Fischer and Tropsch is, perhaps, a 
matter of temperature. 

4447 . Kling and Florentin 46 offer as an explanation of berginization, that 
for every complex organic molecule there is a temperature at which it begins to 
split into simpler molecules and that, in many cases, this corresponds to the tem- 
perature at which, under the hydrogen pressures used, these simpler molecules 
can be hydrogenated. They propose to found, on this hypothesis, a general 
method for the investigation of the structure of complex molecules. 

4448 . In this connection should be read a paper by Spilker and Zerbe. 47 
These workers treated naphthalene, anthracene, phenanthrene, acenaphthene 
and fluorene with hydrogen at various temperatures and pressures. Their results 
tend to support the views of a number of observers. There was a limiting tempera- 
ture for each substance, at a given pressure, at which molecular disintegration 
occurred. The berginization at this point went in two ways. On the one hand the 
disintegrating, unstabilized molecule was hydrogenated, with the production of 
hydroaromatic compounds. On the other, the fragments were also hydrogen- 
ated, yielding gaseous and liquid products. These or analogous changes occur- 
ring in an atmosphere of hydrogen, known variously by the terms hydro fission, 
hydroscission and hydrocleavage , will be considered further in subsequent chapters. 

4449 . Kling and Florentin reiterated and expanded their views in 1928 at 
the Second Pittsburgh Conference on Bituminous Coal. They said that in ber- 
ginization of coal two components underwent hydrogenation in different manners. 
The first rather readily yielded aliphatic compounds; the second, derived from 
lignin, was resistant to berginization and only with aid of catalysts could it be 
hydrogenated. Phenols, according to Kling and Florentin, were almost completely 
refractory to simple berginization, i.e., to treatment with hydrogen at high tem- 
peratures and pressures, but without catalysts. 

4449A. According to Ipatiev, 470 tests of pyrogenic decomposition made with hydrogen 
under pressure gave substances more hydrogenated than the starting materials and brought 
out the catalytic effect of the metal of which the autoclave was constructed. Orloff and 
Petroff found from similar investigations that complete hydrogenation of a molecule at 450° 

41 Brennstoff-Chcm., 1926, 7, 2. 

44 Brit. Chcm. Abet., 1926, 148B. 

46 Second Intemat. Conf. Ritum. Coal, 1928. 

46 Compt. rend., 1926, 182 , 389; Chem. Abet., 1926, 20 , 1587. 

47 Z. angew. Chcm., 1926, 39 , 1138; Chem. Abet., 1927, 21 , 166. 

47 * Chaleur et Industrie, Aug., 1929, p. 377; Univ. Oil. Prod. Co. Bulletin. 
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and 80-100 atmospheres pressure at the start can only be accomplished in exceptional cases. 
A partial hydrogenation, with preservation of the carbon skeleton, is only possible for com- 
binations of aromatic chains, as in naphthalene, phenanthrene, anthracene, etc. Upon 
hydrogenation, the chains are broken, the groups at the moment of forming unite with hydro- 
gen, and if contact is long enough decomposition will proceed farther. For the hydrocarbons 
mentioned above the final products will be methane and benzol. The simpler hydrocarbons, 
containing no condensed nuclei, behave as in ordinary cracking except that the production of 
unsaturated hydrocarbons will be small. The products will therefore be of low molecular 
weight because the conditions requisite for polymerization do not exist. Substances con- 
taining oxygen, such as phenols and ketones, are reduced to the corresponding hydrocarbons. 
The compounds of nitrogen lose this element in the form of ammonia, the sulphur compounds 
their sulphur in the form of hydrogen sulphide. The latter can be retained by adding metallic 
oxides to the mass being treated. The catalyst lowers the temperature of partial hydrogena- 
tion or of dissociation so that hydrogenating reactions take place at temperatures below 
limits at which the hydrocarbons could no longer exist. Without the catalyst and at a given 
temperature the hydrocarbons before combining with the hydrogen or being decomposed by 
it may undergo complete modification of their chemical structure. Byproducts of little 
value for making coke can thus be transformed into light benxolic hydrocarbons. Birchwood 
tar yields considerable amounts of motor fuel. Under the influence, then, of high temperature 
and of hydrogen under pressure, Ipatiev concludes that unsaturated hydrocarbons are sat- 
urated, their oxygen derivatives are reduced, complex molecules dissociate, and the products 
of dissociation unite with hydrogen to form light oils. 

4450. Levi, Padovani and Amati 48 had for primary object the exploration of 
the resources of Italy in petroleum, bituminous schists, asphaltic limestone and 
the like, susceptible of berginization. The points of general interest in their 
results are that in simple cracking the end pressure was always greater than the 
initial (atmospheric) pressure, while in berginization there was always a fall in 
pressure, notwithstanding the formation of non-condensable gases. Further, 
there was no notable difference in the degree of unsaturation of the gases in the 
two cases. But the quantity of saturated gases produced by simple cracking is 
much the greater. This recalls the views expressed by several investigators that 
anti-dissociating action of hydrogen under high pressure and at high tempera- 
tures is a more essential feature of berginization than is its saturating power . 48 

4451. Varga 60 hydrogenated an eocene brown coal under berginization con- 
ditions, except that he used no solvent. 

The rate of heating was such as to reach the reaction temperature in seventy-two to 
seventy-seven minutes, and the bomb was then maintained at this temperature for one min- 
ute, one hour, or three hours. On account of the high sulphur content of the coal (3.98 
per cent) it was necessary to add 15 per cent of iron oxide in order to obtain a gas free from 
hydrogen sulphide and an oil with a minimum sulphur content (0.22-0.29 per cent). This 
large addition of iron oxide had a catalytic effect on the process, lowering the temperature of 
hydrogenation and increasing the yield of oil. From 16.8 to 57.9 per cent of the coal was con- 
verted into oil, the best yields being obtained with only a short heating period (one minute) 
after reaching the reaction temperature. On further heating the oil was more or less (up to 
50 per cent) decomposed again. The maximum conversion into oil (57.9 per cent) was obtained 
with a charge of 300 g. of coal at 470° and an initial pressure of 100 atmospheres. The yield 
fell off when the charge was increased. 11 

445 1A. Von Makray lu reports that with 2200 g. of dry pulverized brown coal, together 

m AUi II conar. nag. chim. pura appl., 1916, 530; Chem. Abet ., 1928, 11, 2261. 

49 Cf. Levi, ct al.. Study of [hydrogenation of] lignite of Ribolla. Ann. chim. applicata., 1927, 
17, 491; Chem. Absl., 1928. U, 677. 

40 Brennstoff-Chem.. 1928. 9, 277. 

81 Brit. Chem. Abet., 1918, 774B; Chem. Polydirat, 1928. 34, 65-76; Chem. Ab%t. % 1919, 
4796. 

%u Brenn Chem., 1930. 61; Unit. Oil Prod. Co. Bulletin ; Brit. Chem. Absl., 1930, 354B. 
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with 330 g. of iron oxide and iron balls to give better mixing, and using hydrogen at 110 
atmospheres pressure, and a temperature of 470° C., 46-46 per cent of the coal was converted 
into benzol-soluble substances. Of the total 2723.4 g. of materials used 2717.4 g. was recov- 
ered. Of the total carbon introduced into the reaction 53.4 per cent was found in the oil, 
21.7 per cent in the gas, and 24.6 per cent in the insoluble residue. According to the gas 
analysis no carbon monoxide was formed in the reaction. The oil contained 29.8 per cent 
of the hydrogen introduced, 21.8 per cent remained unchanged in the gas, the rest was dis- 
tributed between the water formed, the gaseous hydrocarbons and the insoluble residue. 
The hydrogen consumed in reducing the iron oxido and the organic oxygen compounds was 
only 2.9 per cent of the total hydrogen. The water formed came mainly from the organic 
oxygen compounds. Less water of decomposition was formed than in the low- temperature 
carbonization of the coal at 600° C. (932° F.). The iron oxide took up 96.7 per cent of the 
sulphur in the charge of coal. The oil contained only 0.39 per cent of sulphur. Of the 
nitrogen content of the coal 41.0 per cent was found in the form of ammonia and 31.4 per 
cent in the form of bases in the oil. Only a small quantity of tho nitrogen introduced came 
out as gaseous nitrogen. Carbon dioxide formed accounted for 46 per cent of the oxygen, 
water for 35.6 per cent. The oil contained 15.5 per cent of the total oxygen in the form of 
phenols. 

4462. Oshima and Tashiro M find that, in berginization of coal, the tempera- 
ture and pressure curves have two points of change: at one the temperature tends 
to fall in spite of continued heating; at the other rising temperature causes no 
increase in pressure. They suggest that not only the temperature and pressure 
of maximum oil yield should be maintained, but the conditions which afford 
the largest yield of the valuable lighter oils. 

4463. Pyhala M has noticed that, in the distillation of petroleum residues at 
ordinary pressures, two decomposition points occur marked by rapid distillation. 
The two points are at 380°-410° C. and 430°-450° C. High percentages of paraf- 
fin and asphalt are stated to be decomposed without coke formation. The 
decomposition may be controlled by regulating the rate of temperature rise. 
Pyhala speculates as to the possible significance of these facts in connection 
with the mechanism of berginization. 

4464. Berginization of Cottonseed OiL Waterman and co-workers have con- 
tributed a valuable series of investigations bearing on berginization. Comparing 
the decomposition of cottonseed oil in a closed vessel at 450° C. (cracking) with 
the treatment of this oil with hydrogen under pressure at the same pressure 
(berginization) Waterman and Perquin i4 point out that in the berginization of 
products containing carbon and hydrogen one has only to deal with two proc- 
esses — the process of cracking and the process of hydrogenation. In this case, 
however, the matter was somewhat more complicated because here the hydro- 
carbons must first be formed from fats. The change of the pressure during bergi- 
nization is essentially different from that in cracking. The rise of the pressure 
is considerably smaller in berginization than in cracking. It appears from the gas 
analysis that the oxygen of the cottonseed oil is driven out in both cases almost 
quantitatively as carbon monoxide, carbon dioxide and water. 

4464A. Both by cracking and by berginization cottonseed oil can very effici- 
ently be converted into hydrocarbon mixtures with high gasoline percentage. 

M /. Fuel Soc., Japan, 1928, 7, 70. 

11 Petrol. Z., 1928. 14, 308; Chem. Abet., 1928. M, 3765. 

14 Verelag Akad. W etenschappen Ameterdam, 1923, 3S, 871; Chem. Abet., 1924, 18, 1397; /. 
Inet . Petrol. Tech., Sept., 1924, 10. 
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4454B. In these experiments, according to Waterman, the behavior of the 
cottonseed oil is not very different from that of a hydrocarbon mixture, as the 
oxygen can easily be eliminated from it. In the berginization of the cottonseed 
oil very much hydrogen is consumed; among other ways directly or indirectly 
in the formation of water. However, the conclusions based on the results 
obtained with cottonseed oil scarcely permit of direct application to hydrocar- 
bons. Ordinary pyrolytic cracking of petroleum hydrocarbons with its con- 
comitant of deep-seated polymerization involves a very different series of reactions 
from those of hydrogenolysis concurrent alteration by hydrocleavage or hydroscission . 

4464C. In both processes Waterman reports that the formation of coke takes 
place (about 7 per cent in cracking), this being considerably less in berginization 
(0.3-0.5 per cent). The high-pressure hydrogenation of petroleum is in a con- 
siderable measure one of hydrocarbonization , that is, various compounds contain- 
ing nitrogen, oxygen, sulphur, and the like, present in the petroleum are reacted 
upon by hydrogen and hydrocarbons formed therefrom. Coking to the degree 
noted by Waterman ordinarily does not take place. In fact, as will be more 
fully considered in a subsequent chapter relating to the hydrogenation of petro- 
leum, hydrogen under the conditions of commercial performance appears to 
have a selective action on asphalts and tars, converting black oils to colorless 
products. (See also work of Waterman and associates on paraffin wax, paras. 
4456-4460.) 


4456. Light Hydrocarbons from Animal and Vegetable Oils. Kling and Florentin have 
described the application to animal and vegetable oils of a process analogous to berginization 
for the production of light saturated hydrocarbons. The material is treated with hydrogen 
under 45 kg. per square centimeter pressure (about 42 atmospheres) at 350°-480 . C., in pres- 
ence of a dehydrating catalyst such as thoria, alumina, and silica.* 4 

4456. Berginization of Paraffin- wax. Much of the work of Waterman and his associates 
was done on paraffin wax. Paraffin wax is much more easily evaluated than asphalt, and this 
holds also for the products prepared from paraffin when they are compared with the corre- 
sponding substances formed in the treatment of asphalt. Thus paraffin yields products that 
are less strongly colored than Mexican asphalt. The paraffin wax had a specific gravity at 
15°/15° C. of 0.913, the solidifying point (Shukoff method) was 50.6° C.; the bromine value 
(addition) was 0.5 and could therefore be neglected. The temperature of the experiment 
was 435° C. The work was done in a continuously shaken autoclave. Stones were put in 
the autoclave to promote mixing. The oils obtained by the Bergius process were colored 
from yellow to red and perfectly transparent; a small quantity of "carbon” was deposited 
on the bottom. The oils obtained in cracking were very dark of color and opaque. Here, too, 
separation of some carbon was found. 

The quantity of carbon which is deposited on the bottom, when the weight of carbon which 
has already been deposited on the stones is added, is so small, both in the cracking and in the 
Bergius method, that, if the duration of the experiments is long enough, the paraffin wax 
is entirely converted into oil and gas in both processes. 

There is a great difference in the nature of the residues left on the distillation of the oil 
obtained according to Engler's method. Its specific gravity is always lower in berginization 
than in cracking, which is a confirmation of corresponding experiments made by Bergius. 
It appears from the final pressure and also in connection with the gas analysis (percentage 
of hydrogen) that actually considerable quantities of hydrogen are absorbed in the berginiza- 
tion. M 


M Brit. Pat. 276,007, convention date Dec. 17, 1925; Chem. Aqc (London), 1927, 17, 330. 
44 Waterman and Pcrquin, J. Inst. Petr. Tech., Sept., 1924, 10; Proc. Kon. Akad. van 
Wetenschappcn, 1923, 16, 226; ibid., 1924, 57, 83; Chimic el Ind., May, 1923, Special No. 
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4467. This work was continued and reported in later papers. 17 The products obtained 
by heating for various periods were compared. Waterman concludes that the hydrogen used 
in berginization remains in the gases, but proven ts the loss of hydrogen from the residues 
which occurs in cracking, practically no residue non-volatile below 300° being obtained after 
treatment for four hours. In the early stages, the proportions of gas and light spirit formed 
are loss when hydrogen is used, but in the later stages they are higher. Ho also concludes that 
the presence of hydrogen does not cause the saturation of unsaturated compounds formed, 
but causes the molecules to break down more regularly than in cracking, and diminishes 
polymerization and formation of coke. 68 

Probably these conclusions in their entirety should not be applied to hydro- 
genolysis broadly in view of the results obtained by numerous observers indica- 
tive of the substantial absence of polymerization and the complete elimination 
of carbon or coke. Hydrogenolysis , as already pointed out, comprehends a 
group of reactions fundamentally different from those of ordinary pyrolysis. 

4468 . An elaborate investigation was made of the liquid reaction products 
obtained by the action of hydrogen on paraffin wax under high pressure at 
450° C. 69 It was found that the gasoline fractions contained large quantitites of 
the successive members of the methane series (up to nonane) and, apparently, 
about 10 per cent of olefines. Benzene and toluene are present, if at all, in mini- 
mal quantities. 80 

4469 . Fischer and Schrader had shown that considerable hydrogenation 
resulted from the treatment of coal with sodium formate and with carbon mon- 
oxide, and the result was tentatively attributed to the action of nascent hydrogen. 
These two experimental methods were applied by Waterman and Kortlandt,” 
the formate method with Mexican asphalt, and the carbon monoxide with paraf- 
fin wax. 8 * The results were substantially negative. This was thought to be due 
to the difference in oxygen content between Fischer's material (brown coal) and 
the asphalt and paraffin wax: the last two are poor in oxygen. The work was, 
therefore, repeated with brown coal and paraffin wax (the wax now acting as a 
11 solvent ”)- e4 Three series of experiments were made, all at about 423° C., in 
the shaking autoclave. The coal contained 30 per cent moisture. In the first 
series, no gas was added, the initial pressure was atmospheric, the maximum 80 
atmospheres. In the second series, hydrogen was pumped in to a pressure of 7 

87 (1) Waterman and Kortlandt, Rcc. Trav. chim. Paya-Bas, 1924, 43, No. 3 (Mar. 15)- 
(2) Waterman and Blaauw, ibid.; (3) Waterman and Perquin, Proc. Kon. Akad. van Weten , 
achappen , 1925, 38, 286; (4) Waterman and Blaauw, Rec. Trav. chim. Paya-Ba*, 1926, 46; 
No. 3 (Mar. 15). 

18 J.S.C.I., 1936, 746B; Waterman and Perquin, loc. tit. (3). 

M Waterman and Blaauw, loc. tit. (4). 

80 See also Waterman and Perquin, Rec. trav. chim., 1920, 46, 200; Brit. Chem. Abst., 1938, 
4B; Idem., Proc. Kon Akad. van Welenschappen, 1924, 37, 132; Waterman and Perquin, J. 
Inst. Petrol. Technologist*, 1927, 13, 413. Contribution to the knowledge of berginization and a 
etudy on the technical chemical investigation of hydrocarbon mixtures. Part I. Refrac- 
tometric methods, bromine value and molecular weight determination applied to products 
of cracking paraffin wax. 

11 See para. 4407 for formate and 4413 for carbon monoxide. 

61 Loc. tit. (1). 

81 The carbon monoxide method was also tried with cellulose, paraffin wax serving as a 
liquid medium. The results were also almost negative. Waterman and Kortland, Roc. 
Trav. chim. Paya-Baa, 1924, 43, 693. 

84 Dutch Pat. 9757, July 16, 1923. 
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atmospheres, the maximum pressure attained was about 90 atmospheres. In the 
third series, carbon monoxide was used, the initial pressure was 19.5 atmospheres, 
the maximum about 108 atmospheres. The results thus obtained suggest that 
brown coal, unlike paraffin wax, uses up molecular hydrogen and that the nascent 
hydrogen obtained from carbon monoxide and water has a still stronger action 
than molecular hydrogen. 

4469A. A comparison of analogous fractions from the vacuum distillation of 
the products of thermal decomposition of paraffin wax in the presence (berginiza- 
tion) and in the absence (cracking) of hydrogen under high pressure shows that 
the aniline point of the berginization product is about 20° higher than that of the 
cracked product, the refractive index of the cracked products is 0.02-0.03 higher, 
their specific gravity is higher, and the bromine value of the cracked products is 
much higher, substitution more readily taking place on cracking than on ber- 
ginization. Comparison with the physical constants of the normal saturated 
aliphatic hydrocarbons indicate the berginized product to consist possibly of 
90 per cent of saturated hydrocarbons, while the cracked product is strongly 
unsaturated and contains compounds of a cyclic character. 64- 

4460. Summary of Results. In experiments on paraffin Waterman and 
Perquin find that the spirits obtained by cracking and by berginization differ lit- 
tle with respect to distillation curve, for with both types of spirit there are peaks 
in the curve indicating the presence of pentane, hexane, heptane and octane. 
There is only 3-4 per cent of the hydrocarbons in the berginized spirit, while 
there is even less in the cracked spirit. There are still further differences between 
the two types of spirit. 

(1) The berginized fractions and the residues from distillation are relatively 
stable. Even after twelve to eighteen months the refractionation of the various 
distillates shows little or no change. 

(2) The products of berginization contain olefines, while hexane, heptane and 
octane constitute about 10 per cent. 

(3) The cracked distillates are unsaturated to a far greater extent, they 
have a higher bromine value, specific gravity, refraction and dispersion, and a 
lower amine number. The cracked distillates and residues are characterized by 
their lack of stability; their specific gravity and refraction increase rapidly. 

(4) As the boiling-points of similar fractions increase, the differences between 
berginized and cracked spirits become more marked. 

(5) It appears that in the cracked distillates, between the peaks of normal 
aliphatic hydrocarbons, there are other types of hydrocarbons with a higher 
refractive dispersion and proportionally lower bromine and aniline values. 66 

4460A. Heating a wax-containing Grozni mazout with hydrogen under 55-265 atmos- 
pheres and at 440°-460° for periods of 1. 1-2.5 hours yielded 25-34 per cent of benzine (boil- 
ing to 150°) and 29-35 per cent of kerosene (boiling point range 150°-300°). The benzine 
was clear and colorless, and unaffected by fuming sulphuric acid. The kerosene darkened 

Waterman. teNuyl and Perquin, J. Inst. Petroleum Tech., 1929, 15, 369-371; Brit. 
Chem. Abst., 1929, 931B. 

#i Bull. Soc. Chem. Ind. t 7th Conor. Ind. Chem. t 1927; J. Inst. Petr. Techn ., Dec., 1927, 
294A. 
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on keeping, but could be refined by treatment with concentrated sulphuric acid or powdered 
silica gel. Tho yields were unaffected by the addition of such catalysts as iron or copper 
oxide. In only one experiment was any coke formation observed. 64 * 

4461. Decomposition of Cellulose under Pressure, with and without a Liquid Medium 
and an Atmosphere of Hydrogen. 64 Cellulose, in the form of cotton pellets, when heated 
under pressure at temperatures varying from 225° to 450° C. both in the presence and in the 
absence of hydrogen, was rapidly decomposed. At 225°, after two hours' heating, 85 per 
cent of tho cellulose was recovered as a black residue resembling coal (carbon 48.9 per cent, 
hydrogen 6.1 per cent). At 300°, after one hour heating, only 54 per cent of solid residue 
(carbon 71.0 per cent, hydrogen 5.2 per cent) was obtained, about half the cellulose being con- 
verted into carbon dioxide and water, together with a small amount of methane. At 450° 
a much more profound decomposition took place, the chief products being carbon dioxide, 
carbon monoxide, water, and methane and homologs, with 37 per cent of solid residue (carbon 
85.7, hydrogen 5.0 per cent). The nature and quantity of the reaction products were not 
greatly affected by the presence of hydrogen, although the amount of hydrocarbons formed was 
increased. There was a considerable evolution of heat during decomposition. The heat of 
combustion of the solid residue obtained at 450° was 7832 g.-cal./g., against 4158 g.-cal./g. 
for the cellulose used. On heating the cellulose in the presence of a liquid medium (Borneo 
petroleum) an increase in the yield of methane and homologs and a decrease in the amount 
of solid residue resulted. 47 

4462. Chemical Decomposition of Sphagnum by Pressure Hydrogenation. 61 Sphagnum 
moss was treated and converted mostly into oil. Parallel tests were made and material bal- 
ances obtained. As in the berginization of bituminous coal, oil apparently entirely fluid at 
first, contained visible colloidal precipitates after several days' standing. The colloids were 
of asphaltic character. It is considered by Waterman and Porquin important in berginiza- 
tion to keep colloids dispersed by suitable oil media (e.g., Edeleanu-extract) . Otherwise, 
they will bo precipitated on the container walls and form coke which is resistant to hydro- 
genation. 

4463. Shatwell, writing in 1924, 69 and basing his remarks on experiments 
with gas-oil, held that in berginization, first a cracking process, then hydrogena- 
tion took place. He found the products of batch berginization less unsaturated 
than those of simple cracking and believed that the continuous method of 
Bergius would lead to further hydrogenation. The conclusions of Shatwell 
scarcely can be borne out by the authors observations on modern processes of 
hydrogenolysis. Pyrolytic cracking involves the formation of heavier as well 
as lighter products, a conversion frequently overlooked in a superficial considera- 
tion of the subject of cracking. In other words, starting with a given oil and 
subjecting it to that form of heat decomposition recognized as pyrolytic cracking, 
there will be formed, besides gases, liquid products which are lighter and more 
volatile than the initial oil, together with heavier oils and tars. The reactions 
of polymerization which form these heavier products are far-reaching. Viewed 
from one standpoint modern hydrogenolysis may be denominated an orienting 
reaction tending to establish non-polymerizing conditions or at least serving in 
large measure to nullify the effect of such conditions. The products of hydro- 
scission made according to present approved methods normally are almost 
entirely lighter bodies. 


Ipatiev, Orlov and Bielopolski, Brennstoff-Chem ., 1920, 10, 346; Brit. Chcm. A6*f., 1929, 
1004B. 

16 Waterman and Perquin, Rec. Trav. chim. Pays-Bas, 1926, 45, 638. 

67 Brit. Chem. Abst.. 1926, 974B. 

66 Waterman and Perquin, Brennstoff-Chem., 1928, 9, 57; Chem. Abst. t 1928, 22, 2652. 

46 J. Inst. Petrol. Techn., 1924, 10, 903. 
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that of the present cost of producing gasoline from natural oils. To those, how- 
ever, who are apprehensive of a possible rapid exhaustion of our oil resources the 
opportunity available to convert coal into liquid hydrocarbons is most reassur- 
ing. Due attention is being given by petroleum oil companies to this phase of 
the fuel situation, since therein they perceive resides the means to carry on after 
depletion of natural oil supplies has raised oil-fuel values to considerably higher 
levels. The process of liquefaction of coal by hydrogen, viewed only a few years 
ago with scepticism, now is generally accepted as a desirable provision which 
will assure, even into the far-distant future, an abundance of liquid fuels. 

4468 . In the course of a discussion on the work done at the Mines Research Laboratory 
(Birmingham, England), 7 * it seemed to be the general opinion that most of the gasoline, etc., 
produced by berginization in Germany was obtained, not directly from coal, but from low- 
temperature tan. 

4469 . A series of articles published in 1926 74 by Nielsen, advocates tbe most efficient 
method of converting coal to oil as: (a) low-temperature carbonization in the Laing and 
Nielsen retort, and (6) using the coke as a source of water-gas and converting the latter into 
Synthol. 

4470 . In this connection the following summary of the position, by Brunschwig 71 is of 
interest. The possibilities of obtaining light oil products from the phenolic fractions of the 
primary tar from low-temperature coal carbonization include Fischer's process for hydro- 
genating at 700° and atmospheric pressure with a catalyst, producing aromatics and paraffins; 
the several methods of hydrogenating under pressure in presence of suitable catalysts; decom- 
position under pressure of hydrogen as tried at the Institute Technique de Chimie de Buda- 
pest; cracking by the Dubbs process; the Prud’homme patents by which lignite-tar vapors are 
treated before condensing with a desulphurizing agent and then by a series of catalyzers 
which convert them partially into fuels; the Compagnie de Noeux and the Kling-Florentin 
patents which relate to cracking under pressure of hydrogen in presence of aluminum chloride 
catalysts; and the innumerable patents of the I. G. Farbenindustrie for hydrogenating 
lignite or the phenolic fractions of coal tars under pressure in the presence of such catalyzers 
as cobalt or manganese sulphide, insensitive to the action of sulphur. For successful com- 
mercial exploitation the following conditions are important: 

A. The avoidance of equipment whose output is too small in relation to the weight and 
the space occupied. 

B. Careful study of the mode of handling and the progression of the fuel to the interior 
of the apparatus. 

C. No exposure of the tar vapors to cracking by contact with the semi-coke or with 
hot walls. 

D. As an economic generalization, it is essential to choose such conditions and such a 
formula of low-temperature carbonization that the semi-coke has a distinctly higher value 
than the starting material. The operation of low-temperature carbonization and that of 
treating the tar present too great hazards to be undertaken without a sufficient margin of 
safety based upon the valorization of the solid fuel. 78 

Of the methods thus considered by Brunschwig the most outstanding prob- 
ably is the development by I. G. Farbenindustrie of catalyzers which, as stated, 
are insensitive to the action of sulphur. Catalysts which are sulphur resistant 
are fast reaching a position of great importance in hydrogenolysis. 

4471. Coke-oven Tars: Berginization. Bruy lan ts 77 successfully berginized 
the residues of coke-oven tars, i.e., the part boiling above 230° C. But the high 

7 * Chem. Age (London), 1929, 20 , 25. 

74 Oas J. t 1926, 174 , 591, 650, 732; Brit. Chem. Abat. t 1926 , 698B. 

71 Chal. et Ind., Mar., 1928, 143. 

78 Unit. Oil Prod. Co. Bull., May 2, 1928. 

77 Bull. Soc. Chim. Belg. t 1923, 32 , 194. 
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temperature of 478° C. was required. Three hours' treatment resulted in the 
absorption of a considerable quantity of hydrogen and in the production of a 
black, mobile liquid smelling strongly of ammonia. The fraction boiling below 
330° C. was more than doubled. The fraction distilling below 170° C. contained 
11.26 per cent of hydrogen, and its chemical composition corresponded with that 
of high-class motor gasoline. 

4472. Tar Oils: Experimental Berginization. Erdley 71 subjected tar oils to berginiza- 
tion at different pressures. Oils tested were: generator tars (a) raw boiling 92°-350°, 4 per 
cent residue; (6) phenol-poor boiling 90°-350°, 3.1 per cent residue; (c) phenol-free boiling 
190°-350°, 3.7 per cent residue; primary tars (a) raw boiling 190°-350°, 2 per cent residue; 
(b) phenol-poor boiling 185°-350°, residue 4.7 per cent. These oils had been distilled to 
pitch and separated therefrom previously. A Texas gas-oil (boiling 283°-350°, residue 28.2 
per cent) was included for comparison. The treatment was in a rotating steel bomb with and 
without initial pressure of hydrogen. In all cases hydrogen pressure gave the beet yields. 
Optimum conditions for gae-oil were 75 atmospheres hydrogen, heating time five to fifteen 
minutes at 475°, the yield being 33 per cent benzine boiling under 200°. Optimum conditions 
for all tars were the same: viz., 75 atmospheres hydrogen, 15 minutes heating at 450°. Yields 
of benzine boiling under 200 were: generator tar oils (phenol-poor) 30 per cent (raw) 24.5 
per cent; primary tar oils 23-25 per cent. Benzine from gas-oil did not darken on standing; 
that from the tars did. Color-stable tar benzine was obtained by refining, but the refining 
loss was 20-25 per cent. 71 

4473. Berginization of Tar. Berginized tar yielded light oils which, after removal of acidio 
and basic constituents, were divisible into three factions boiling between 70° and 170° in 
which benzene, toluene, and xylene respectively could be identified. The neutral oils boiling 
below 70° appeared to be a mixture of aliphatic or cyclic saturated hydrocarbons with small 
quantities of unsaturated and aromatic hydrocarbons. Low-boiling aliphatic or cyclic sat- 
urated hydrocarbons (perhaps also cyclohexane) were isolated in very small quantities. 
Berginization of tar has the effect of increasing the content of low-boiling phenols and 
bases at the expense of the higher homologs. Aniline was isolated in one experiment. 
De-alkylation appears to take place, and a large quantity of methane hydrocarbons is found 
in the gases finally leaving the autoclave. The nature of the final products, i.e., the extent 
of de-alkylation and decomposition, will depend on the temperatures and pressures employed.® 0 

4474. Combined Carbonization and Berginization. 11 Coal is carbonized to 
give coke, tar, ammonia, a gaseous fraction poor in hydrogen and of high calorific 
value, and a gaseous fraction rich in hydrogen. The tar is mixed with a further 
supply of coal and is hydrogenated at an elevated temperature and under a high 
pressure, the gaseous fraction rich in hydrogen being utilized in this process, to- 
gether with hydrogen obtained from water-gas made from the coke. The hydro- 
genation yields oil, ammonia, and gas of high calorific value, which is com- 
bined with the gaseous fraction poor in hydrogen and some water-gas to give 
city gas.” This may be regarded, from one point of view, as an attempt at 
an indirect solution of the hydrogen problem in berginization. 

4476. Hydrogenation of Carbonization Products.” In a method of hydro- 
genating the middle fractions from low-temperature carbonization of coal the 
fractions boiling between 250° C. and 350° C. are passed with hydrogen at a high 

71 Brennstoff-Chem ., 1926, 7, 359. 

71 Chem. Abet ., 1927, 21, 1535. 

00 Rhein felder, Mitt. Schles. Kohlenforschungsinst. Kaiser-Wilhelm-Ges ., 1925, 2 , 34; Chem . 
Zentr., 1926, II, 510; Brit. Chem. Abet., 1926, 780B. 

01 Bergius, U. S. Pat. 1.669,439, May 15, 1928. 

s * Brit. Chem. Abet.. 1928 , 469B. 

•» I. G. Brit. Pat. 273,337, June 26, 1926. 
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temperature and under at least 50 atmospheres pressure over porous charcoal 
active silica, or hydrosilicates. Liquid hydrocarbons of low boiling-points are 
obtained. 84 

4476 . Feige 85 treats low-temperature tar by hydrogenating it with hydrogen 
and water-gas obtained, in a series of operations, from the coke of the original 
coal from which the tar was made. 

4477 . Hugel 86 affirmed the suitability of simple, i.e., non-catalytic berginiza- 
tion for the hydrogenation of coal-tar and described, in some detail, his own 
results with a coke-oven tar. 

4478. Products of Berginizing Lignite together with Coal-tar. 87 A mixture of 100 kg. 
of Italian lignite with 67 kg. of topped coal tar and 4 kg. of " Lux " material was berginixed 
in a 50-liter bomb by the continuous method, with the addition of 5 kg. of hydrogen. The 
finely ground lignite was mixed with the tar to form a paste. The lignite contained 13.8 
per cent of water, 8.45 per cent of ash, and 0.8 per cent of sulphur. Hydrogenation took place 
at 470° under a pressure of 140-150 atmospheres. The expansion gases were freed from 
benzine by activated charcoal, yielding 8 kg. of benzine. Twenty kilograms of gas were 
formed and 139 kg. of “runnings," and the loss was 9 per cent. The bensine was water- 
white, had an odor of petroleum benzine, and sp. gr. 0.7303. 84.6 per cent distilled over from 
50° to 120°, and the benzine was easily refined. The relation between boiling-point range and 
specific gravity corresponded to that of American benzine. The lower fraction obtained by 
distilling the " runnings " had sp. gr. 0.990 and contained 12.5 per cent of phenols, being similar 
to a low-temperature tar oil. The wax content was 1 per cent to 1.5 per cent. The residue 
was very viscous, and on re-distilling 47 per cent of hard asphalt remained, indicating a total 
asphalt content of about 60 per cent, but the ash content was small. A third fraction of the 
“runnings" consisted of water (29.5 kg.) containing ^7.83 g. of ammonia per liter. This 
only corresponded to 19 per cent of the total nitrogen present in the raw material, the rest 
having escaped as ammonia in the expansion gases. 88 

4479. Low-temperature Tar Oil: Berginization. 89 A neutral oil fraction of Fushun 
tar, of boiling range about 200° to 350°, has been hydrogenated (berginixed) in a 600-cc. 
autoclave under various conditions of temperature and pressure. Above a definite tempera- 
ture, about 450°, decomposition of the oil occurs with separation of free carbon. Hydrogena- 
tion proceeds most favorably just below this temperature: the initial pressure of the hydrogen 
should be at loast 75 atmospheres. It is, howevor, impossible to hydrogenate the oil com- 
pletely, the iodine value of the product still amounting to 65 per cent (approximate) of that 
of the original oil. In tho presence of nickel oxido the hydrogenation is much more complete, 
and it is possiblo to bring the iodine value down to 12 per cent of the original. Ferric oxide 
has a slight favorable effect, and the addition of zinc oxido also lowers the iodine value of the 
product. Copper and magnesium oxides are without action, while the addition of alumina 
appears to accelerate tho decomposition of the oil. 90 


4480. Experiments carried out at H. M. Fuel Research Station on the pro- 
duction of low-temperature tar oils suffice to indicate that on a large scale the 
yields of tar are not much greater than 16.5 gal. per ton of coal, and if 50 million 
tons of coal were carbonized only 150 million gallons of motor spirit and 550 
million gallons of tar oils would be available — much less than British require- 

84 Chem. Age (London). 1927, 17, 221. 

85 Brit. Pat. 274.465, July 16. 1926; Chem. Age (London). 1927, 17, 291. 

16 Second Intemat. Conf. Bilum. Coal. 1928. Idem. Chimie el Industrie, 1919 , Spec. No. 
128 (hydrogenation of pitch); Chem. Abet., 1929, 13, 3561. 

87 I.aazlo, Petroleum, 1926, 11, 421. 

88 Bril. Chem. Abet., 1916, 523B. 

89 Taahiro, J. Fuel Soc., Japan, 1928, 7, 67. 

80 Brit. Chem. Abet., 1918, 776B. 
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mente. The Bergius process offers technically 100-130 gal. of oils per ton of 
coal or up to 60 per cent by weight of suitable coals. 91 

4431. Coke obtained from Sharlston Wallsend coal, containing 1 .3 per cent of ash, at 800° C. 
for six hours, was heated for one hour at different temperatures in hydrogen, carbon monox- 
ide, methane, and ethylene, and changee in the reactivity of the coke with carbon dioxide 
were investigated. Heating in hydrogen or carbon monoxide at 900° led to slight loss of 
activity, while the effects with methane were greater; the influence of ethylene was much 
more pronounced and appeared at lower temperatures. 9 * 

4481. Pertierra 9 * determined the plasticity of a coal before and after Bergius hydrogena- 
tion. He found that the initial temperature of plasticity was reduced, and that of solidifica- 
tion raised by such treatment. 

91 King, J.8.C.I., 1927, 46, 181T; Bril. Chcm. Abat., 1927. 641B. 

"Sutcliffe and Cobb, Goa J. % 1928, 181, 948; Brit. Chcm. Abat. % 1918, 556B. 

M Anolcs aoc. eapan. fia. quim (tccnica), 1929, 17, 191-4; Chan. Abat., 1980, 484. 



CHAPTER XLV 


HYDROGENATION OF COAL AND RELATED HYDROCARBONS 

II 

High-pressure Hydrogenation with Added Catalysts (Hydrogenolysis) 

4600 . Primarily, berginization was typically carried out without added cata- 
lysts, though, iu practice, Bergius seems from the first to have added ferric oxide 
to his mixture. It would, however, be rash to affirm that even simple berginiza- 
tion was an operation independent of catalysis, in view of the complex nature of 
powdered coal with its carbon, its sulphides, its nitrogen compounds and its min- 
eral constituents, all potential catalysts. In fact, the negative results of attempts 
to berginize approximately pure substances, such as cellulose, without catalysts, 
and the poor results obtained with ferric oxide only, lend support to the surmise 
that possibly coal contains a catalyst for berginization. 1 For this and for reasons of 
convenience we shall use “ hydrogenolysis ” for all processes in which fuel material 
is treated with hydrogen at high pressures and high temperatures, whether cata- 
lyst is added or not. Another general term frequently used, which requires no 
explanation, is “ destructive hydrogenation.” 

4601 . In a discussion of results obtained in the hydrogenolysis of coal at Bir- 
mingham University to which reference has already been made, 2 no one seems to 
have expressed any doubt that the use of catalysts improved the yield. Graham, 
the reporter, spoke of work with catalysts, but, apparently, without mentioning 
the quantity of catalysts used. The results were a decrease in the unconverted 
residue from 18.2 per cent without a catalyst to 9.6 per cent with nickel oxide, to 
7.2 per cent with nickel oxalate, and to 5.5 per cent with ammonium molybdate, 
with a corresponding increase in the yield of oil. Ormandy put forward the view 
that the iron oxide used by Bergius as a desulphurizing agent had always been 
regarded as having, also, catalytic functions, although in a patent Bergius said 
that he did not work with a catalyst. 

4602 . Friess, 3 limiting berginization to the process by which coal is hydro- 
genated at high temperatures and pressures with no added catalyst except oxide 

1 Brit. Pat. 302,912, Dec. 23, 1927, to Ges. fur Teerverwertung describes the hydrogena- 
tion of naphthalene and benzene using as catalyst the residue from the berginization of coal. 
Hlavica ( Brennstoff-Chem ., 1929, 10 , 201; Brit. Chem. Abst ., 1929, 666B) finds that the iron- 
containing constituents of coal have an important catalytic effect in promoting hydrogenation, 
especially of bituminous coal. 

2 Para. 4441. 

3 La Rev. Petrol ., July 28, 1928, 1050. 
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of iron, held that this is sure to give way to frankly catalytic methods. Particu- 
larly does he feel that this is true where it is desired to control the nature of the 
product. Results obtained in the operation on a semi-commercial scale in the 
hydrogenolysis of petroleum oil tend to confirm the validity of the foregoing 
observation of Friess. Undoubtedly in this phase of the petroleum oil industry 
catalysts are destined to become of great importance. The observation holds 
good both for a moderate or mild degree of treatment with hydrogen such as 
hydrofining, as well as more drastic hydrogenolysis. 

4603 . The studies of Waterman and Perquin (1925), Dunkel and Heim (1925), Kling and 
Florentin (1926), Spilker and Zerbe (1926), Hugel and Friess, and Fricke and Spilker (1925) 
upon the mechanism of hydrogenation at least have shown that several processes may go on 
in hydrogenation. (1) Hydrogen may be simply added to the hydrocarbon molecule. 
(2) Hydrogen may add itself to the molecule which then dissociates, each fragment adding on 
hydrogen. (3) The original molecule may be variously dissociated. (4) In either of the two 
latter cases the separate portions may again associate themselves into new molecules which 
are or are not hydrogenated. The course of the reaction is influenced favorably by pressure 
between maximum and minimum limits. The temperature is the most important factor. 
High temperature is in general unfavorable to hydrogenation. The optimum for high yield 
is about 450° for complex mixtures like the tars, pitches, coals, etc. With pitch from coal 
tar, fixation of hydrogen begins at 300°, is appreciable at 350°; then cracking prevails with 
the residues adding on hydrogen, for at 480° the fixation of hydrogen becomes very impor- 
tant. The cyclic structure of the pure aromatics is opposed to one or other of these processes. 
Benzene and phenol are unchanged, naphthalene is changed but little if at all, anthracene is 
hydrogenated with or without decomposition. Bergius' claim that his use of ferric oxide is 
an aid to hydrogenation has little point because, while it removes sulphur, there is no catalyst 
present to be poisoned by tho sulphur. The final products, however, are improved by the 
removal of sulphur. 

4604 . "Destructive hydrogenation" is a term justified by the facts. Ipatiov (1925) 
treated naphthalene under hydrogen pressure at 450° with reduced nickel and alumina and 
obtained among tho products 30 per cent of benzene hydrocarbons, showing that the tetra- 
hydrogon nucleus of the naphthaleno must have been ruptured. 

4605. It is clear that chemical reactions so complicated as those taking place 
in an autoclave cannot be controlled by the sole factor of temperature; and, 
seemingly, that in order to cause the reaction to go in any desired direction the 
appropriate catalysts must be used. As an instance of producing a specific 
product pitch (from coal tar) can be made to yield highly viscous lubricants by 
using catalysts not easily poisoned by sulphur. In other cases cracking or 
dehydration may be the important objective. Friess predicts that the Bergius 
process of hydrogenating at high temperature and high pressure will be displaced 
by processes using catalysts. 4 

4606. In 1925, Fierz-David, 6 of Zurich, published the result of experimente 
on the liquefaction of wood and cellulose. The experimental part of this paper 
dealt with the attempted hydrogenation under berginization conditions of pres- 
sure and temperature of starch, lignin and other substances. The results both 
with and without catalysts (the best of these being nickel) were negative as 
regards any evidence of hydrogenation: all the hydrogen was recovered in the 
gas issuing from the apparatus. The product contained a large percentage of 
oxygenated compounds. 


4 Univ. Oil Prod. Co. Bull., Aug. 22, 1928. 
4 J.S.C.I . , 1925, 44 , 942. 
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4507 . Fierz-David shows a good deal of scepticism as to the results claimed for 
berginization. It is, however, to be noted that he did not use a 44 solvent,” and 
that his apparatus was stationary, so that his work is not comparable with that 
of Bergius, which somewhat discounted the weight of his criticisms. At the pres- 
ent day the claims of Bergius have been amply substantiated by results obtained 
by independent workers. 6 

4508 . Under the stimulus of competition from synthetic methanol, research 
workers are busy with the problem of rendering more efficient the old-established 
wood distillation process. Frolich, Spalding and Bacon 7 distilled birch wood 
with and without catalysts, under hydrogen pressure (200 atmospheres), and 
under pressure of the gases evolved — 44 autogenous pressure ” — (90-300 atmos- 
pheres). Comparison runs were made with cellulox (sulphite pulp) under hydro- 
gen pressure (200 atmospheres) and under nitrogen pressure (200 atmospheres), 
and with wood under atmospheric pressure. Pressure alone, whether of hydro- 
gen or of autogenous gases, increases the production of methanol. The catalysts 
used (zinc-chromium oxides introduced as nitrates; copper, zinc and aluminum 
oxides, introduced as acetates; nickel oxide, introduced as acetate; sodium car- 
bonate) either reduced the methanol yield (atmospheric pressure) or barely 
increased it (high pressure). With the nickel catalyst at 200 atmospheres pres- 
sure (of hydrogen in the case of wood, of hydrogen or of nitrogen in the case of 
cellulose) almost complete liquefaction and gasification resulted. An oily liquid, 
40 per cent boiling below 225° C., was obtained. Forty-three per cent of this 
fraction was phenolic, 26 per cent unsaturated and 31 per cent saturated hydro- 
carbons. 

4609 . Bowen, Shatwell and Nash 8 worked on the berginization of cellulose, 
using a batch method with a rotating autoclave. The first experiments were made 
without catalyst. There was a rise of pressure to the end and the analysis of the 
residual gases showed no unequivocal evidence of absorption of hydrogen. When 
a nickel catalyst was used not only did a fall of pressure occur, but analysis 
showed a considerable increase in carbon dioxide, and some decrease in hydrogen. 
The percentage weight of hydrogen absorbed calculated on the ash-free dry cellu- 
lose was in one experiment 4 and in the other 3. Practically the whole of the cel- 
lulose had been converted into liquid and gas. Other catalysts used were ferric 
vanadate and ammonium vanadate. These two catalysts had very little action: 
there was more absorption of hydrogen than in the absence of catalysts, but far 
less than with nickel. Comparing the products with those obtained from British 
coals by these workers and Graham 9 it is suggested that there is a chemical 
basis or nucleus, common to cellulose and the coals. The fact that a catalyst 
is necessary for the berginization of cellulose is not fatal to this theory, 
because, as we have already said, some constituent of coal may act as a 
catalyst. 

6 E.r., Kling, Chalcur et Industrie, Spec. No., 53 (Dec. 1, 1924). 

7 Ind. Eng . Chem., 1928, 20, 36. 

1 Bowen. Shatwell and Nash, J.S.C.I. , 1925, 44 , 507T and 526T. 

• Fuel , 1925, 4 , 25, 75, 127, 252. 
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4510. Bowen and Nash 10 in further experiment* on the thermal decomposition of cellu- 
lose and lignin in presence of catalysts under high hydrogen pressure, like Fierz-David, did 
not use a solvent. Also, like him, they obtained (for a static or bomb experiment) thorough 
permeation of the mass by mixing the finely divided substance to be hydrogenated, intimately 
with the catalyst, in the moist state and then drying the mixture. The catalyst used was 
(in its original condition) a mixture of aluminum hydroxide 10 parts and nickel oxide 5 parts 
(in the form of oxalate or hydroxide). This was moistened and worked into a paste with the 
cellulose, etc., and dried at 1 10° C. The treatment was carried out in a rotating autoclave. 
This movement of the mass during treatment probably contributed to the success of the work. 
Nevertheless, Bowen and Nash are of opinion that completion of the hydrogenation was 
prevented by the deposit of carbon on the catalyst mass. It may be that in similar experi- 
ments, where a solvent is objectionable, indifferent heavy abrasive masses can be intro- 
duced with advantage to maintain clean catalyst surfaces. 

4511. Their conclusions are: (1) Catalysts assist in the formation of liquid and gaseous 
products from cellulose and lignin by thermal decomposition under hydrogen pressure, but 
fully saturated oils are not obtained under the experimental conditions described owing, in 
all probability, to the deposition of small quantities of coke on the surface of the catalyst. 
(2) The oils from cellulose and lignin are comparable as regards main constituents; the lignin 
oil is characterized by a greater phenol content, and also by the presence of phenol-soluble 
substances. (3) Cellulose 400° coke is capable of hydrogenation and yields an oil with 
relatively low proportion of volatile constituents. Phenols are also formed to the extent of 
1.62 per cent. (4) The volatile neutral oil fractions from cellulose, cellulose coke, and lignin 
were found to have an appreciable hydrocarbon content, the saturated portion of which 
possessed a paraffinic odor in two former cases. 

4518. The same two workers 11 employed a similar technique in catalytic berginization 
of coal (Arley coal). An addition to the former technique was the placing of small steel 
cylinders in the autoclave with the charge, thus effecting better stirring. The percentage 
conversion was good, but not as high as that obtained with the same kind of coal when a 
solvent (phenol) was used. 11 Their results may be summarized as follows: 

(1) Nickel and iron oxides have a marked catalytic influence on the thermal decomposi- 
tion of Arley coal under hydrogen pressure. Under comparable conditions, up to 45.64 per 
cent of oil products was obtained with nickel oxide catalyst and up to 30.05 per cent with 
iron oxide, all experiments in absenco of liquid media. (2) Tho proportion of phenols and 
bases in tho oils obtained with these two oxides was approximately the same, irrespective of 
the oil yield, and mean values were 9.21 per cent phenols and 6.41 per cent bases. (3) The 
light fractions obtained were not fully saturated and their amount depended on the maximum 
temperature employed. 

4513. Hydrogenation of Coal: Comparison of Catalysts. Hlavica 11 subjected coals to 
hydrogenation by heating under hydrogen pressure with catalysts, in a rotating autoclave, 
steel balls being used to agitate and grind the coal. No oil was added. Bergius’ ferric 
oxide catalyst was tried as also were tho oxides and chlorides of aluminum, calcium, cobalt, 
copper, manganese, nickel, tin, and zinc and sodium and potassium hydroxides. Zinc, 
nickel and cobalt chlorides and oxides and cuprous chloride as catalysts, compared with iron 
oxide, doubled the yield, reduced tho reaction period by one-third and gave a better product. 
The use of catalysts did not permit of lowering either the temperature or the hydrogen pres- 
sure. Hydrogen could not be replaced by nitrogen. Tho process has three stages (1) a 
stage of rapid hydrogen absorption (300°-400° C.); water is formed and an asphaltic mass; 
(2) a stage of liquefaction during which the absorption of the ga9 is slowed up; (3) a dissociat- 
ing stage in which are produced gasolines, permanent gases and other products of molecular 
cleavage, controlled by the presence of hydrogen under pressure. 

4513A. Light hydrocarbons are produced from complex products such as tars from low- 
temperature distillation of coal by the action of heat, hydrogen under high pressure, dehydrat- 
ing catalysts such as those described in French Patent 608,560, substitution catalysts 
(defined in French Patent 607,155) and hydrogenating catalysts composed either of reduced 
metal (iron, cobalt, etc.) or unstable derivatives such as suboxidos, sulphides, nitrites. 


10 Fuel, 1926, 5, 138. 

11 Bowen and Nash, Fuel, 1926, 5, 361. 

11 Shatwell and Bowen. Fuel, 1925. 4, 252. 

« Brennetoff-Chcm., 1928, July 15, 229. Chem. Abet., 1929, 83, 2806. Idem, Brennetoff - 
Chem., 1989, 201. 
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etc. of multivalent metals (tungsten, vanadium, uranium, manganese, iron, chromium, 
etc.) 11 * 

4514. Hydrogenating Solid Fuel to Produce Liquid Hydrocarbons. 14 The finely divided 
solid (e.g., lignite) either alone or, preferably, mixed with oil, is fed in counter-current against 
a stream of hydrogen, with or without catalysts, at a temperature of 450° C. and a pressure of 
200 atmospheres. Suitable catalysts are pumico, fireclay, sine oxide or other metal oxides 
not easily reduced. Tho gaseous products are led, without reduction of pressure over cal- 
cium carbonate at 500°-650° C., then through a heat exchanger to a condenser. 15 

4610. Nitrogen Compounds as Catalysts in Manufacture of Hydrocarbons by Hydro- 
genation of Coal, Bitumen, etc. 16 The raw materials are coal and other solid carbonaceous 
material, distillation or extraction products of coal, mineral oil or bitumen, conversion or 
hydrogenation products of coal and bitumen. The raw materials are treated at high tem- 
peratures, e.g., 500° C. and at pressures above 50 atmospheres, e.g., 200 atmospheres, with 
hydrogen or hydrogen-yielding gases. Nitrogen compounds, with or without other catalysts, 
are introduced. By admitting steam, hydrogen may be generated from the coal, etc., or 
from carbon monoxide. In the case of carbon monoxide tho gases must be introduced in 
a stream. 

4616. When ammonia is used with mineral oils or bitumen some other nitrogenous catalyst 
is necessary, e.g., silicon nitride. 17 Other compounds mentioned are ammonium sulphide, 
titanium nitride. Inert supports may be used, also auxiliary catalysts such as iron or cobalt. 
Instead of hydrogen, water-gas, hydrogen sulphide, methane, etc., may be used as source of 
hydrogen (247,582). 

4617. 247,583 specifies the use of molybdenum compounds as catalysts, e.g., molybdic 
acid, ammonium molybdate or sulphide of molybdenum, with or without ammonia, iron, 
cobalt, sine oxide, magnesia, activated carbon, coke, silica, aluminum hydroxide, calcium 
carbonate or clay. 247,584 specifies sulphides of tho iron group, or sulphates, or sulphites 
or other suitable sulphur compounds. 247,585 deals with tho hydrogenation of crude cresylic 
acid or other distillates, residues or conversion products from coal or similar materials, in the 
presence of sulphides of cobalt, nickel, manganese, zinc or aluminum. 247,586 specifies a 
process for hydrogenating crude cresols, brown coal wax, cumaron resins and the like in 
presence of molybdenum compounds. 247,587 specifics generally similar processes in which 
ammonia or other suitable nitrogen compounds are used instead of molybdenum compounds. 11 

4618. Reference to 247,583 (preceding paragraph) is made in British Patent 274,401 
(Mar. 8, 1926) to the same patentees. The process is here applied to conversion products 
of mineral oils and bitumens, e.g., cracked products, acid sludge or hydrogenation products 
of bitumen. 19 

4618A. Dunstan 19 « states that zinc oxide, barium peroxide, sod amide and tungstic acid 
do not function as catalysts. However, molybdic oxido and pentamine cobaltic chloride act 
as energetic hydrogenation catalysts. 

4619. Hydrogenation with or without Catalysts: Circulation. In the production of Lighter 
hydrocarbons by treating coals, tars, mineral oils, asphaltic materials and other carbonaceous 
bodies at elevated temperatures and pressures with hydrogen or gases containing or giving 
rise to hydrogen, the materials are treated in a gaseous or finely divided liquid or solid state. 
Catalysts, for instance tungsten or nickel, may be added. The hydrogen may be cir- 
cuited for reuse after addition of water vapor, fresh hydrogen, or both. Carbonaceous mate- 
rial insufficiently converted may be circulated for further treatment, slag and residue being 
removed on route without loss of pressure: or it may bo passed through a scries of reaction 
vessels. ... In an example, a mixture of 2 tons of mineral oil and 1 ton of lignite containing 
40 per cent of water is introduced as a fine mist and at 200 atmospheres’ pressure into a rcac- 

1S * Florentin and Kling. French Pat. 659,462, Dec. 15, 1927; Chcm. Abet., 1999, 5306. 

14 Brit. Pat. 249,156, Mar. 14, 1925, an I. G. patent. 

15 Chem. Abst., 1927, 81, 1002. Can. Pat. 282,876, Aug. 28, 1928, to Krauch and Pier 
(assigned to the I. G.) seems to cover the general case of berginization with catalysts; 
Chem. Abet., 1928, 99, 4234. 

16 Brit. Pats. 247,582, 247,587, 249,493, 250,948, 272,829, 272,834, 272,835, 273,228 
to I. G. Farbenind. A.-G. 

17 Brit. Chem. Abet., 1927, 595B. 

u Chem. Abet., 1927, 91, 643. 

19 Chem. Abet., 1928, 99, 2048. 

I9# Proc. 2d Internal, conference Bituminoue Coal, 1928, 1, 210-31; Chem. Abet., I960, 712. 
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tion vessel and reacted upon at 450° C. (842° F.) with a mixture of hydrogen and nitrogen. 
No coking occurs. 10 

4520. Catalysts, 11 for use in berginization, may be composed of difficultly reduced oxides 
(or the corresponding carbonates) of metals from the 3rd to the 5th group of the periodio 
system, o.g., alumina, rare earths, difficultly reduced oxides of the 4th group, or oxides or 
carbonates of vanadium. Metals of the 8th group, such as iron may be present. These 
catalysts are said to be resistant to poisons. 11 

4521. Other catalysts consisting of oxidos or carbonates of lithium, magnesium and sine 
may be used. 11 

4522. Again, catalysts consisting of compounds of lead, cadmium, bismuth, or tin, with 
or without difficultly reducible oxides or carbonates and with or without metals of the 8th 
group are available. 14 

4523. Catalysts may be composed of oxide or carbonate of uranium, with or without 
8th group metals. 15 

452 3 A. A Badische proposal relates to the use of nickel chromate or nickel borate as 
hydrogenation catalysts. 15 * 

4524. Coal, tar, bitumen, etc., may be exposed in a thin layer on a screw, or corrugated 
band-conveyer, to hydrogen at 450°— 475° C. under 200 atmospheres pressure in presence of 
molybdic acid catalyst extended on magnesia or diatomaceoua earth. 16 

4626. Another method is a two-stage or double treatment. The paste of coal, tar, etc., 
is heated in presence of metals (or oxides) of the 3rd to 8th groups and of hydrogen; the 
vapors are then superheated and passed again over the catalyst, with hydrogen. The mate- 
rial is passed into the lower part of a vertical retort at 420° C. and hydrogen is passed in at 
200 atmospheres. The vapors pass into the upper part of the retort at 480° C. 17 

4526. Catalysts may consist of elements of groups 4-8 of the periodic system, together 
with other elements from groups 2-7, or with copper or gold. An example given is molybdio 
acid and magnesia, copper or aluminum hydroxide. Thus crude mineral oil mixed with 
ground alderwood charcoal as a catalyst is treated with excess of hydrogen under 200 atmos- 
pheres at 450° C. in a vessel lined with chromium nickel. Tho vapors of the 50-60 per cent 
middle oils produced are passed with hydrogen at 200 atmospheres and 460° C. over a catalyst 
of molybdic acid and 10 per cent chromium oxide. Tho condensed product contains 90 per 
cent benzine. 11 

4526A. Low boiling-point hydrocarbons are obtained from carbonaceous materials such 
as coals, tars or mineral oils by heating to about 450° in the presence of catalysts comprising 
oxides of tho metals or metalloids of groups 3 to 7 deposited in small quantities on metals 
such as aluminum, silver, manganese, chromium or chromium-nickel alloy. The reaction is 
preferably effected under high pressure (suitably 200 atmospheres) in the presence of hydrogen 
or gases containing hydrogen. Compounds of cobalt, ruthenium, platinum, gold and cad- 
mium also may be used as catalysts. A somewhat similar process is proposed for the dehydro- 
genation of oils, tars and hydrocarbons and their conversion into aromatic compounds. 18 * 

4527. Carbides, active carbon, or motalloids (such as boron, silicon, phosphorus, arsenic, 


10 Brit. Pat. 256,965, Aug. 14, 1925, to I. G. Farbenind. A.-G. 

11 Brit. Pat. 2S5.923, Sept. 10, 1925, to I. G. 

11 Chcm. Affc (London), 1928, 18, 416. 

11 Ibid., Brit. Pat. 286,678, Sept. 10, 1925, to I. G. 

14 Ibid., Brit. Pat. 286,679, Sept. 10, 1925, to I. G. 

15 Ibid., Brit. Pat. 286,680, Sept. 10, 1925, to I. G.; Brit. Pat. 286,681 covers the use of 
oxide and car!>onate of manganese. 

Ger. Pat., 362,143, Oct. 23, 1922, to B.A.S.F. See also Swedish Pat., 39,902, May 4. 

1914. 

18 Brit. Pat. 272,190 (convention date Juno 1, 1926) by the I. G. 

17 Brit. Pat. 272,194 (convention date Juno 1, 1926), by the I. G. 

u Chcm. Aqc (London), 1927, 17, 352; Brit. Pnt. application, 275,663 (convention date, 
Aug. 7, 1926). The I. G. British patents 293,719 and 293,720 (convention date, Aug. 7, 1926) 
are additions to 275.663. 293,719 claims as catalysts for the berginization of coal a mixture 
of elements of the 4th-8th group with small proportions of elements of the 4th-7th group. 
Molybdic acid with 10 per cent of chromium oxide is given as an example. 293,720 describes 
a catalyst which is a mixture of elements of tho 4th-8th groups with copper or gold or their 
compounds. Chem. Aqc (London), 1928, 19, 243. 

18 * I. G. Farbenind. A.-G., Brit. Pat., 307,946, Sept. 12, 1927; Chem . Abst., 1930, 234. 
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selenium, tellurium), or halogens are included as catalysts. Phosphoric or similar acids may 
be used, and also silicon carbides, borides, active silica, etc. In example, crude mineral oil 
is mixed with aluminum phosphate and treated with a large excess of hydrogen at 420° C. 
and 200 atmospheres pressure. The middle oil vapors are again treated with a large excess 
hydrogen in presence of alderwood charcoal impregnated with phosphoric acid. The product 
contains 80-90 per cent of low-boiling hydrocarbons. 2 9 

4527A. Carbonaceous materials are heated with hydrogen in the presence of catalysts 
such as calcium, iron- tungsten, or nickel carbides in an autoclave at 460° and 45 atmospheres. 29- 

4528. Tin, lead or noble metals may be used on supports of magnesia, magnesite, or 
chromium oxide, e.g., ruthenium, palladium, platinum, gold, lead, or tin on magnesia or mag- 
nesite, and platinum or gold on chromium oxide. Methane or water vapor may be employed 
instead of hydrogen. 90 

4529. Catalysts for hydrogenolysis 91 are described which are composed of silver, copper, 
sine or cadmium with boron, aluminum, silicon, titanium, vanadium, tantalum, chromium , 
molybdenum, tungsten, or cobalt. The member from the first group must not constitute 
more than 10 per cent of the mixture. The example given is the treatment of cresylic acid." 

4530. Reference is made to the foregoing patent in Brit. Pat. 300,703, Aug. 11, 1927, to 
Johnson (I. G. Farbenind, A.-G.), in which is described a catalyst composed of: a mixture 
of copper and zinc (or cadmium) 10 per cent; boron, aluminum, silicon, vanadium, etc., or 
their compounds 90 per cent. The catalyst can be used for the hydrogenolysis of coal, etc. 

4531. (a) Solid carbonaceous materials are treated at an elevated temperature and under 
at least 50 atmospheres pressure with hydrogen or reducing gases containing combined 
hydrogen, sulphur compounds (e.g., the sulphides of the heavy metals, especially of the iron 
group) being admixed as catalysts. (6) Instead of solid carbonaceous material distilled or 
extracted derivatives thereof are used as raw material. The hydrogenating gases may lie used 
in the form of a stream, (c) In using a stream of gases the process can be rendered continu- 
ous. (d) The products of destructive hydrogenation of solid carbonaceous materials and 
products distilled or extracted therefrom, e.g., cumaron resins and waxes from lignite, serve 
as raw material. 99 

4532. Halogen Compounds as Hydrogenation Catalysts. 94 Coal, coal products and 
hydrocarbons are hydrogenated with catalysts consisting of halogen compounds (not contain- 
ing iodine) such as occur in the potash industry. For example, naphthalene at 470° C. and 
100 atmospheres hydrogen pressure in presence of ammonium chloride, yields 70 per cent 
of liquid products. 99 

4533. Iodine Catalyst in Coal, etc., Hydrogenation. 96 Spilker and others, deal with 
hydrogenation of coal, tar, pitch, etc., in the presence of iodine or of an iodine compound. 97 

4534. In processes such as described in the preceding paragraph in which iodine or an 
iodine compound is used, the iodine compounds employed are such as are decomposed but 
slightly, if at all, at the reaction temperature (e.g., the alkali or alkaline earth iodides) and 
with these is used a substance which will cause dissociation of the iodine compounds, such as 
iron alum, ferric chloride, or copper sulphate. Tetrahydronaphthaleno and benzene hydro- 
carbons may be produced from naphthalene, and ammonia and liquid hydrocarbons from 
coat^tar pitch. 38 

19 Chem. Age (London), 1927, 17, 352; Brit. Pat. application, 275,664 (convention date, 
Aug. 7, 1926) by I. G. 

29a van Peski, Brit. Pat. 315,780, Jan. 18, 1928; Bril. Chem. Abat., 1929, 842B; cf. Brit. 
Pat. 315193. Brit. Chem. Ahat., 1929, 770B. 

90 Brit. Pat. application, 275,670 (convention date, Aug. 7, 1926) by the I. G.; Chem. Age 
(London), 1927, 17, 352; cf. Brit. Pat. 295,587, July 9, 1927. 

"Brit. Pat. application 276,001 (convention date, Aug. 11, 1926) by I.G. 

32 Chem. Age (London), 1927, 17, 373. 

99 Brit. Pats (a) is 247,584 (convention date, Feb. 14, 1925), (b) is 247,585 (convention 
date, Feb. 16, 1925), (c) is 272,831 (Feb. 11, 1926), (d) is 272,832 Feb. 11, 1926), to I. G. 
Farbenind, A.-G.; Bril. Chem. Ahat., 1927, 595B. 

94 Brit. Pat. application 279,410 (addition to 277,974), convention date, Oct. 20, 1926, by 
Spilker, cf al. 

99 Chem. Age (London), 1928, 17, 679. 

96 Brit. Pat. applications 277,974, convention date, Sept. 23, 1926, and 279,055. 

97 Chem. Age (London), 1927, 17, 496 and 557. 

98 Chem. Ahat., 1928, 82, 2835; Spilker, Zerbe and Ges. f. Teerverwertung, Brit. Pat. 
279,055, Oct. 18, 1926. 
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45 34 A. Pretreitment of Catalysts. It is said that catalysts for the destructive hydro- 
genation of coal, tars and mineral oils are improved by preheating with a non-reducing gas. 
Thus: molybdic acid is heated with carbon dioxide at 400° C., tungstic acid with nitric 
oxide at 350° C. ( a mixture of molybdic acid and chromium oxide with sulphur dioxide at 
420° C.; a mixture of molybdic acid and silver oxide with nitrogen at 400° C., cobalt oxide 
with carbon dioxide at 350° C., cobalt oxide with carbon dioxide at 350° C., a mixture of 
molybdic and chromic acids with carbon dioxide at 400° C. and molybdenum wire wool with 
oxides of nitrogen.*** 

4534B. The catalytic material known as 41 Luxmasse,” obtained as a by-product in the 
purification of bauxite and consisting mainly of alkaline ferric oxide, is increased in catalytic 
activity by mechanical, physical or chemical treatment (or a combination of these), as by 
repeated extraction with hot water and drying, or by dissolving in nitric acid and precipitating 
with ammonia, and is thus claimed to become more efficient in the hydrogenation of brown 
coal. It is stated that the catalytic activity of the material increases after its use in hydro- 
genation.* 1 * 

4534C. According to Taylor **• metallic hydrogenation catalysts are of little use for coal 
because of the presence of sulphide poisons. Oxide catalysts are better, such as potassium 
carbonate, sine oxide, oxides of tungsten, chromium, etc. Oxides of thorium, aluminum, 
selenium, titanium and zirconium are good hydration-dehydration catalysts. Chromic oxide 
lies between the two groups. The presence of small quantities of alkali has a great effect, 
as in methanol synthesis. Metals of the platinum series and oxides and salts which may 
exist in two or more states of oxidation are important. 


Two-stage Processes 

4535. Two French processes *• operate in two stages: (a) To carry the reaction out in this 
manner, the material is hydrogenated in the first and decomposed into separate fractions in 
the second. By heating a mixture of powdered bituminous coal and tar oils, in the pro- 
portion 2 : 1, directly at 440°-475° in the presence of hydrogen at 100 atmospheres pressure, 
no liquid product is obtained, but by heating first to 420° within twenty-four hours, and 
then at 440° for two hours, a 56.9 per cent yield of oil boiling to 330° is obtained. The 
amount of hydrogen taken up increases with the pressure, while the amount of decompo- 
sition varies inversely with the pressure. The yield and quality of the low-boiling frac- 
tions of the oil are better the greater the hydrogen absorption during the first stage. When 
a mixture of equal parts of coal and coal-tar residues is heated in the autoclave at 210° it 
becomes liquid, free carbon and ash settling out, but the yield of oil of low boiling-point is 
small. If, however, this product is again hydrogenated after the addition of 5 per cent of 
alkaline iron oxide a good yield of oil boiling to 230° is obtained. (6) The starting mate- 
rials are pumped under pressure into the reaction chamber, which is provided with stirrers. 
The liquid reaction product can be discharged through a tube which dips below its surface, 
into a container fitted with a valve. The separation of the solid, liquid, and gaseous products 
is carried out under normal pressure. 40 

4536. By a special modification of the catalytic procedure, motor fuel with anti-knock 
qualities, lubricating oils, etc., may be produced from carbonaceous material (coal, wood, 
bone tar, mineral oil residues, bitumen, resins, etc.) by interaction at high temperatures and 
pressures with water vapor or with gases containing hydrogen and oxides of carbon, in the 
presence of catalysts capable of forming methyl alcohol by the catalytic hydrogenation of 
oxides of carbon (vanadic acid, manganese, uranium, zinc, and titanic oxides, etc.). The 
initial material may be submitted to a preliminary hydrogenation, and it is preferable to allow 
only gases or finely divided material to come into contact with the catalyst, in a separate 
chamber. 41 

4537. (a) Coal or similar carbonaceous material is treatod with hydrogen under pressures 

,# * Brit. Pat. 311,251, Dec. 5, 1927 to Johnson (from I. G.); Chem. Aq e (London), 1929, 
30, 593; I. G. Farbenind. A.-G., Ger. Pat. 489,279, July 31, 1927, Pier and Simon, inventors; 
Chan. Abet ., 1930, 2274. 

tu N.-V. de Bataafsche Petroleum Maatschappij, Brit. Pat. 314,859, July 3, 1928; Chem. 
Abut., 1930, 1493. 

** Proc. 2nd Intern. Conference Bituminous Coal, 1928, 1, 190-9; Chem. Abst., 1930, 1200. 

*• French Pats. 606,189 and 606.191, to 8oc. intemat. des Combustibles liquides. 

40 Brit. Chem. Abst.. 1927, 435B. 

41 Brit. Pat. 257,256, Aug. 10, 1926; Brit. Chan. Abst., 1938, 221B. 
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of at least 60 atmospheres and at high temperatures (e.g., under 200 atmospheres at 450°) 
with or without the aid of contact masses, and the tar-like products so obtained are further 
treated with hydrogen in the presence of catalysts under similar conditions of temperature 
and pressure. Seventy per cent or more of the carbon contained in the solid fuels is thereby 
converted into valuable hydrocarl>ons. (6) The tar vapors are subjected to the second stage 
of the treatment without condensing them intermediately. 41 

4638. Pretreatment in presence of a cracking catalyst, followed by passage of the products 
over hydrogenation catalysts has been proposed. 4 * High yields of low-boiling hydrocarbons 
are obtained from coal, tars, etc., by consecutive catalytic cracking and hydrogenation in 
the solid, liquid, or vapor phase. The cracking catalyst is stated to consist of elements of 
groups 3 and 4 of the periodic system, copper-iron mixtures or compounds, active charcoal or 
silica, and other substances. Tho hydrogenating catalysts are cobalt, molybdenum, tungsten, 
and their compounds. The process consists in treatment with hydrogen and the catalyst 
under pressure at 300°-700°, followed by the use of a different catalyst under similar condi- 
tions; it may be carried out with a large excess of hydrogen, so that the product has only a 
low partial pressure. 44 

4639. The residues from berginization heated to a cracking temperature produce benzine 
and permanent gases. 44 

4640. Multi-stage Hydrogenation of Coal Suspensions, Tars, Oils, etc. In the first stage 
hydrogenation is effected in tho liquid phase under high pressure and, in the last, the products 
are heated in the vapor phase at low pressure. American crudes yield 75 per cent of hydro- 
carbons boiling below 200° C. 48 

4641. The high-boiling products of the hydrogenation of coal at elevated temperatures 
and under high pressures are reintroduced into the pressure apparatus, tho carbonaceous 
material being thereby further transformed into liquid and solublo products. 47 

4641. During the destructive hydrogenation of coal, tar or mineral oils, effected in several 
stages, those constituents which are not affected by the first treatment are separated and then 
treated at a higher temperature. 4 * Further stages and still higher temperatures may be 
employed, and in the final stage tho material is employed in the form of vapor. Other chemi- 
cal or physical treatment may be employed between the separate stages, and catalysts, par- 
ticularly those of the sixth group, may bo employed. Crude oil is thus hydrogenated to yield 
benzine, and coal likewise is hydrogenated to produce benzine and various oils. 48 

4643. A process for the hydrogenation of carbonaceous material by heating with hydrogen 
under pressure consists of two stages, the first stage taking place at temperatures at which 
the principal reaction is hydrogenation, and the second at higher temperatures to split off 
hydrocarbons. Coal is heated to 470° in an autoclave with hydrogen at 100 atmospheres 
pressure for an hour and then at 290° for half an hour. Finally it is heated to 470° for 
another hour. 49 

4644. Tars and oils may bo subjected to destructive hydrogenation at elevated tempera- 
tures and pressures by passing the material, together with hydrogen, or gases supplying 
hydrogen, through more than two reaction vessels in series, so arranged that no appreciable 
cooling occurs between the separate reaction vessels. The material and tho hydrogen may 
be preheated before entering the first reaction vessel, and the desired temperatures in the 
system maintained by suitably lagging the reaction vessels and connecting pipes, the reaction 
being exothermic. 40 

48 Brit. Pat. 249,156 (a) and 274,404 (6), Mar. 13, 1920; cf. Brit. Pats. 247,582, -3 and -4; 
Bril. Chem. Abat., 1927, 741B. 

48 I. G. Brit. Pat. application 273,712 (convention date, June 29, 1926). 

44 Cf. French Pats. 634,822, 634,820, May 21, 1927, to the I. G. Farbenind. A.-G.; Chem. 
Abat., 1928, 22, 3979. 

44 Chem. Age , 1928, 18,516; Brit. Pat. application, 288,148 (convention date, Mar. 31, 
1927), by the I. G. 

4i Chem. Age (London), 1928, 19, 466; Brit. Pat. application 296,431 (convention date, 
Sept. 1. 1927), by the I. G. 

47 Soc. Intemat. des Combustibles Liquides, French Pat. 630,324, March 5, 1927; Bril. 
Chem. Abat., 1930, 132B. 

48 I. G. Farbenind. A.-G., Brit. Pat. 320,473; Chem. Age (London), 1999, 575. Soe also 
French Pat. 663,539, Nov. 5, 1928, to same patentees; Chem. Abat., 1930, 713. 

49 Ger. Pat. 490,636, Dec. 1, 1922, to Deutsche Bergin-A.-G. fur Kohle- und Erdolchemie; 
Chem. Abat., 1930, 2273. 

89 I. G. Farbenind. A.-G., Brit. Pat. 301,059, Sept. 3, 1928; Brit. Chem. Abat., 1930, 449B. 
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4645 . Destructive hydrogenation of carbonaceous materials in successive stages is effected 
with such regulation of pressure, temperature, hydrogen concentration and catalysts present 
that in the first stage the formation of gaseous and low boiling-point hydrocarbons is restricted, 
while in the final stages formation of the desired products is favored. 11 Gaseous products at 
high temperature are removed in each stage. Suitable catalysts for the first stage are 
molybdenum or its compounds with or without iodine or its compounds: and iodine or its 
compounds may be used in the later stages. 

4646 . For the production of light hydrocarbons, low-temperature tars, lignites, or coals 
are heated with hydrogen under high pressures in the presence of dehydrating catalysts (c/. 
Brit. Pats. 263,082 and 276,007, Brit. Chem. Abet., 1927 , 696B) and hydrogenating catalysts 
such as reduced iron, nickel, or cobalt, or unstable compounds, t.Q., suboxides, sulphides, or 
nitrides, of tungsten, vanadium, molybdenum, uranium, iron, manganese, etc. The mixture 
may be heated successively at different temperatures, each corresponding with the optimum 
conditions for the action of one of the catalysts.* 1 

4647 . Coal is heated with hydrogen under pressure, preferably with catalysts, to an 
appropriate reaction temperature when the heating is immediately stopped and the gaseous 
products are discharged. The products of high boiling point are heated with hydrogen 
under pressure and in the presence of catalysts to produce lower boiling products.* 1 

4648 . According to British Patent 325,862, the destructive hydrogenation of coal and tars 
is carried out in stages and the carbonaceous substances of high molecular weight, which 
would otherwise choke the catalysts used in the later stages, are removed, for example, by 
conversion into products of lower molecular weight in the earlier stages of the process, or by 
condensation or adsorption before the material enters the second or later stages. 64 

4649 . Viscous oils and oils of low boiling point are obtained from liquid carbonaceous 
materials, such as brown coal tar, by first treating under “mild temperature conditions* * 
(suitably at about 400°) with hydrogen under pressure, so that the paraffins are not destroyed, 
separating fractions suitable for making viscous oils and then cracking or destructively 
hydrogenating the residues to obtain oils of low boiling point. A catalyst containing molyb- 
denum and zinc and pressure of 200 atmospheres may be used in the first stage. 66 

4650 . In effecting destructive hydrogenation of carbonaceous materials with aid of sol- 
vents, the extracts obtained are first treated in one or more stages without hydrogen and the 
products thus obtained are then treated with hydrogen or at higher temperatures. Hydro- 
genating catalysts such as finely distributed metals, metal oxides or acid anhydrides may be 
used in the preliminary stages, and “ splitting " catalysts such as metal halides are used in 
the final stages. 66 


61 Bataafsche Petroleum Maatachappij, Brit. Pat. 309,849, April 16, 1928; Chem. Abet ., 
1980 , 713. See also French Pat. 671,974, March 23. 1929; Chem. Abet., 1980 , 2275. 

61 Florentin and Kling, Brit. Pat. 302,354, Nov. 30, 1928; Brit. Chem. Abet., 1929 , 968B. 
M De Bataafsche Petroleum Maatachappij, French Pat. 674,107, April 26, 1929; Chem. 
Abet., 1980 , 2581. 

64 1. G. Farbenind. A.-G., Sept. 28. 1928; Brit. Chem. Abet., 1930, 449B. 

66 1. G. Farbenind. A.-G., Brit. Pat. 313,879, June 18, 1928; Chem. Abet., 1980 , 1204. 

66 Pott and Broche, Brit. Pat. 309,446, April 10, 1928, Chem. Abet., 1980 , 713. 



CHAPTER XL VI 


HYDROGENATION OF COAL AND RELATED HYDROCARBONS 

III 

Hydroqenolysis Plant and Industrial Process 

4600. A laboratory method for hydrogenating coal having been discovered, 
before it could be exploited commercially the following technical problems called 
for solution: 

1. The prevention of local heating. 

2. Temperature regulation. 


# kv. Pwrlf-OxMs 



Fio. 97. — Diagram Illustrating Continuous Operation or Berqin Plant. 

3. Conversion from a batch to a continuous process. 

4. Heating without undue pressure on the walls of the reaction chamber. 

6. The discovery of an economical source of hydrogen. 

4601. Bergius 1 devised improvements in plant which consisted in (1) a stir- 
ring device, (2) circulation of the gaseous atmosphere. The circulation permits 

1 U. 8. Pat. 1,391,664, Sept. 27, 1921 (application filed Apr. 18, 1916). 
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of the volatile products being removed from the reaction vessel and condensed. 
By the same means heat exchange and temperature regulation were facilitated, 
while local variations were prevented by agitation of the mass. Even to-day Ber- 
gius admits that temperature regulation is one of the most important factors in 
the successful technique. 1 The hydrogenation has to compete against carboniza- 
tion. At 600° C. the latter process gains the upper hand. 

4603. Method and Apparatus for Continuous Treatment of Coal or Hydrocarbons by 
Hydrogenation. The material to be distilled or hydrogenated under pressure is led into ono 
eqd of a heated cylinder to the rotating axis of which a number of discs are attached. These 
discs divide the cylinder into compartments forming segments of tho cylinder. The material 
under treatment passes by small openings at the edges of the discs from one chamber to another, 
and away by an exit at tho far end of the cylinder. On leaving the cylinder the distilled 
material passes through a pipe which is cooled by water. This cooling renders it viscous so 
that it only flows slowly through a valve giving access to a chamber at ordinary pressure, 
thus enabling the high pressure within the chamber to be readily maintained. The pipe 
which conveys away the volatile matter is similarly cooled for like purposes.* 

4603 . In another step in the heat regulation 4 the hydrogen is preheated and 
circulated around the reaction chamber, but not in contact with the outer shell. 
It passes through an electric heater from the jacket into the reaction chamber.* 

4604 . In the same order of ideas we find • that in processes, such as the 
hydrogenation of oil or coal or the conversion of alcohols, e.g., methyl or ethyl 
alcohol into higher alcohols by the action of carbon monoxide or water-gas, the 
heat may be supplied wholly or partially by a preheated non-metallic gas which 
is not decomposed at the temperature of the reaction, but which is not necessarily 
inert. The gas is brought into direct contact with the materials and is preferably 
used in large amounts to avoid local overheating. The preheating is effected by 
means separate from the reaction vessel, and the preheater is protected from 
access of reaction products. The reacting materials may themselves be pre- 
heated, but not up to the temperature of the reaction. 7 

4606 . Owing to the great experience in high-pressure technique acquired 
especially in ammonia synthesis, the art has reached a high degree of perfection. 
Working at high pressure, in itself, is no longer a disadvantage. On the contrary, 
when large volumes of gas are to be handled and especially when efficient heat 
exchanges are desired, high pressure is almost essential. 

4606 . Yet, at the temperature of berginization, the metal wall of the reaction 
chamber is much weakened. Therefore the walls would yield, if exposed to the 
full pressure while being directly heated. To obviate this, and at the same time 
to provide an effective means of heat regulation, the reaction chamber is jacketed. 
In this jacket is circulated, under pressure slightly less than that in the reaction 

* Pittsburgh Conference on Bituminous Coal, 1926. 

* Ger. Pat. 389,946, Nov. 4, 1920, to Erdfll & Kohlo-Verwertung A.-G. and Debo. 6eo 
Can. Pat. 268,201, May 15, 1925, to Internat. Bergin-Comp., assignees of Debo. 

4 Brit. Pat. application 287,855, Mar. 26, 1927, to the I. G. 

1 Chem. Age (London), 1928, 18, 516; cj. French Pat. 638,325, July 27, 1927, to the same 
patentee; Chem. A6«L, 1929, 33, 265; also Can. Pat. 283,921, Oct. 9, 1928, to Pier, Wildhagen 
and Schunck (assigned to the I. G.). 

* Brit. Pat. 275.248, July 28, 1927, to the I. G. 

7 Brit. Chem . Abst., 1939, 78B. 
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vessel, a hot, indifferent gas, such as nitrogen or carbon dioxide. This gas is 
heated in an independent furnace and by suitable heat exchange devices, serves 
to maintain the desired temperature. 

4607 . It is said that, in the large scale plants, the temperature is maintained 
constant within 5° C. during weeks of continuous operation. At Mannheim and 



Fio. 98. — Htdhoof.nation Reactor Nearly Assembled. 7 * 


at the British Fuel Research Station three reaction vessels are used in series: the 
temperature in the first is about 460°-480° C., in the other two 490° C. The 
temperature in the last is important and depends on the special characters of the 
raw material.® Each of these vessels is about 8 meters long and 80 cm. in internal 
diameter, with a working capacity of 20 tons in twenty-four hours. 

’•Wilke, Brennsloff urd W&rmewirtachaft, 1929, Vol. 22. Wilhelm Knapp, publisher, 
Hallo. 

* Lander, Ckem, Age (London), 1929, *0, 120. 
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4608. Tho use of this pressure-relieving and temperature maintaining jacket is claimed 
in Brit. Pat. 192,849, Nov. 30, 1921, to Bergius and Ldffler. In preparing light hydrocarbons 
by heating heavy hydrocarbons or mineral oils (which may be mixed with coal), under pres- 
sure as described in Brit. Pat. 25,510, 1913, • or under pressure with hydrogen as described in 
Brit. Pats. 4574, 1914, and 18,232, 1914, 10 the reaction chamber is heated by hot gases such 
as carbon dioxide or flue gases, circulating in a surrounding jacket under a pressure about 
equal to that in the reaction chamber. A slight difference of pressure indicated by a water 
column may be used to show if the walls of the reaction chamber sustain damage. The oil 
or mixture of oil and coal, prepared as described in Brit. Pat. 192,850 (to Bergius and Ldffler) 
is fed from a tank through a heater and hydrogen from a receiver through a heater. Vapors 
from the reaction chamber pass to condensers; the residue is withdrawn through another 
pipe. The gas from the jacket is circulated through a heat transfer apparatus. 11 



Fio. 99— Diagram or Berotntzation Plant.* 


4609. Brit. Pat. 192,850, Nov. 30, 1921, to Bergius and Loffier, describes the same con- 
struction for the berginixation of heavy hydrocarbon oils mixed with solid fuels, and pre- 
scribes heating the materials nearly to the reaction temperature before introducing them into 
the reaction chamber. 11 

4610. Reference is made to this patent in Brit. Pat. 282,814, to I. G. Farbenind. A.-G. 
(convention date, Aug. 14, 1925). In this the destructive hydrogenation of oils, tars, resins, 
etc., is described as taking place in a vessel of manganese bronze. The products before 
being cooled may be passed over a molybdenum catalyst. 

4610A. In another process, at least a part of the heat necessary to bring the reaction cham- 
ber to the required temperature is furnished by admitting compressed hydrogen to the 
chamber at a temperature above the normal reaction temperature. 1 * - 

4610B. Ulke describes a horizontally inclined rotatable retort provided with a double 
wall adapted to contain a temperature-regulating medium. 1 ** 

•To Graefe and v. Walther, applies to mineral oils. 

10 To Bergius. the original Brit. pat. for berginization of coal. 

11 Chem. A bat, 1923, 17, 3247. U. S. Pat. 1,592,772, July 13. 1926, to Bergius describes 
the double-wall construction, with an inert gas circulating in the interspace at the same 
pressure as that prevailing in the reaction chamber. 

*(By courtesy of Scientific American.) 

11 Chem. Abet., 1923, 17, 3247; Ger. Pat. 303,332, Apr. 1, 1915; J.S.C.I., 1922, 41, 850A. 

lu Florentin and Kling, Brit. Pat. 308.712, March 27, 1928; Chem. Abet., 1980, 489. 

** U. S. Pat. 1,449,875, March 27, 1923. 




536 


HYDROGENATION 


4611. Fractional Hydrogenolysis. 13 Hydrogenation, fraction by fraction, of liquid hydro- 
carbons produced by berginixation or otherwise has been described. The starting materials, 
if liquid, are separated into fractions of narrow boiling-point range, each fraction being then 
subjected separately to destructive hydrogenation under pressure. If the initial material 
is solid, it is first converted wholly or partially, by some known process, into liquid products. 
Liquid starting materials may also be subjected to a preliminary hydrogenation, with or 



Fio. 100. — Hioh-pressure Htdrooenator Formino Part of a Coal-liquefaction Plant. 

The hydrogenator is 3 feet in diameter and 24 feet in length and withstands pressures of 
more than 2000 lbs. per square inch. (Bergius, Sci. Am., 1929, 322.)* 


without the employment of pressure or catalysts, in ordor to modify their boiling ranges, 
before submitting them to the described process. 14 

4612. Pressure Regulation in the Hydrogenation of Coal. The hydrogenation is carried 
out at 450° under a pressure of 150-200 atmospheres in three chambers. The partially 
hydrogenated product from the first chamber passes into a separating vessel, from which 


13 Brit. Pat. 273,337, June 27, 1927, to I. G. Farbenind. A.-G. 
♦Courtesy of Scientific American. 

14 Brit. Chem. Abat., 1928 , 561B. 
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the volatile products are allowed to escape; the liquid, however, passes into the second cham- 
ber in which it is further hydrogenated. The process is repeated in the third chamber. The 
escaping volatile products are cooled and condensed. 14 

46 12 A. In the liquefaction of coal by heating it under pressure with hydrogen, the pressure 
is caused to alternate rapidly (suitably at the rate of 10 cycles per min. 14 *) 

4611B. In effecting destructive hydrogenation of coals, tars and oils, the gases and vapors 
are maintained at a higher rate of flow in the reaction space by setting up a pulsating or oscil- 
lating movement of the gases. This is brought about by the action of a piston. 146 

4613. Charging the Reaction Vessel. 1 * An apparatus for charging solid materials into 
high-pressure reaction vessels comprises a piston which operates in a receptacle communicat- 
ing by wide gates or valves with the reaction vessel or with the atmosphere. An air-lock dovico 
is provided with an outlet valve (to the main reaction vessel) having a large opening, while 
the other closure or inlet valvo is formed as a piston which when depressed forces the material 
into the main chamber and at the same time displaces nearly all the high-pressure gas out of 
the air-lock chain bor. The piston is not withdrawn until after the outlet valvo is closed. 17 

4613A. Introducing Liquid or Semi-liquid Materials into High-pressure Vessels. 17 * 
Material such as a mixture of oil and coal is pumped by two plunger pumps in series, and 
between them is an intermediate receiver comprising a cylinder with differential piston, to 
the smaller side of which the paste is admitted, while the larger side is subjected to the pres- 
sure of a gas, which may be the same as that in the high-pressure vessel to bo charged. 

4614. Construction: Materials. 18 The reaction vessel and other parts of 
the apparatus which come into contact with the hot organic reacting materials 
in hydrogenation processes carried out under high pressures are made of, or 
coated with, materials, e.g., alloys containing one or more of the metals nickel, 
cobalt, molybdenum, tungsten, etc., or of the metalloids boron, arsenic, antimony, 
silicon, etc., which do not give rise to the formation of methane or to the deposi- 
tion of carbon. Copper or its alloys may be used if the reacting materials are 
free from sulphur. Metals or alloys prepared by fusion in vacuo and free from 
impurities at the boundaries of the crystal grains are particularly suitable for the 
purpose. 19 

4614A. Absorption of hydrogen by the steel used in hydrogenolysis apparatus 
has been studied at the (British) National Physical Laboratory. A mild steel 
used at the Fuel Research Station and which had become brittle was found to 
contain 180 cc. of hydrogen per 100 g.*° 

4614B In the treatment of coal, tare or mineral oils with hydrogen under pressure, the 
presence of iron, nickel and copper (the latter only in the case of the presence of sulphur) is 
excluded from the heated part of the reaction chamber and parts of the apparatus in contact 
with products containing sulphur and hydrocarbons above 300°. Aluminum alloys high 
in aluminum, chromium, cobalt, molybdenum, tungsten, vanadium or manganese may be 
utilised, and if sulphur be absent silver or copper or their alloys may bo used. 10 * 

"Brit. Chem. Abet .. 1918, 115B; French Pat. 618,674, July 8, 1926 (German date, Dec. 
16, 1926), to Soc. Intemat. des Combust. Liq. 

14 * Kastner, Brit. Pat. 314,491, June 28, 1928; Chem. Abet., 1930, 1493. 

146 I. G. Farbenind. A.-G., Brit. Pat. 304,343, Oct. 17, 1927; Chem. Abet., 1919, 4802. 

>• French Pat. 637,386, July 9, 1927, and Brit. Pat. 274,122, July 11, 1927, to I. G. Far- 
benind. A.-G. 

17 Brit. Chem. Abet., 1918, 802B. 

17 * Boyce, Tate and Imperial Chem. Industries, Ltd., Brit. Pat. 322,646, Dec. 7, 1928; 
Brit. Chem . Abet., 1930, 127B. 

“Brit. Pat. 275,662, Aug. 8. 1927, to I. G. Farbenind. A.-G. 

“ Brit. Chem. Abet., 1918, 738B. 

90 Chem. Aq* (London), 1928, 18, 607. 

,# * I. G. Farbenind. A.-G., French Pat. 34,590, Nov. 29, 1927; Addn. to 612,603; Chem. 
Abet., 1930, 1494. 
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Fio. 101 . — View of Hydrooenation Plant in an Experimental Station at Manniieim-Rheinau, Germany, Having Capacity 
Sufficient to Hydrooe^Ite One Ton of Coal Daily. (Bergiua, Sri. Am., 1929, 322.)* 
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4616. Construction Material Available in Absence of Carbon Monoxide. One 

advantage supposed to arise from the complete removal of carbon monoxide from 
the reacting gases is the greater choice of construction materials available.* 1 
When the hydrogenating gases are substantially free from carbon monoxide or 
substances leading to the formation of carbon monoxide, the reaction chamber 
and such parts of the apparatus exposed to temperatures over 300° C. are con- 
structed from materials free from uncombined iron and nickel, and also from 
copper and silver if sulphur is present. The apparatus is preferably constructed 
of aluminum, or of chromium, molybdenum, tungsten, vanadium, manganese. 
The alloys may contain a high percentage of nickel and should have a low carbon 
content (i.e., below 0.5 per cent). The steels V2A and WTj, made by Krupp, 
containing respectively besides iron (1) 20 per cent chromium, 7 per cent nickel, 
0. 1-0.3 per cent carbon, and (2) 18 per cent chromium, 60 per cent nickel, 0.2 
per cent carbon are suitable; also the chromium nickel alloy B made by Heraeus 
containing 24.2 per cent iron, 60.1 per cent nickel, 13.38 per cent chromium, and 
0.02 per cent carbon. The alloys used should be freed from impurities in the 
boundaries of the grains by treatment with moist hydrogen.** 

4615A. For destructive hydrogenation of carbonaceous materials an apparatus **• is used 
the inner wall of which is preferably composed of an alloy steel highly resistant to chemical 
action and the outer wall of steel of high mechanical strength or impervious to hydrogen. 
Chromium-nickel (V2A), chromium-vanadium and chromium-tungsten steels are suitable. 


4616. In the first plants only those parts which were exposed to high tem- 
peratures were made of the special materials resistant to carbon monoxide.* 3 
Later, it seems to have been found necessary to use the same, or equally resistant 
materials for the cooler parts. 

4617. Tho walls of the reaction vessels may serve as electrical resistances, by which the 
necessary heat may be communicated. Thus, tar is passed slowly under hydrogen pressure 
through a long tube made of an iron-nickel-chromium alloy heated by an electric current to 
420° C. The alloy contains 60-65 per cent nickel, 10-15 per cent chromium, and is low in 
carbon.* 4 

4617A. In another apparatus * 4 * for the hydrogenation of coal, oil, or the like, the reaction 
vessel is so designed that the walls are protected, by an incoming stream of comparatively cool 
oil or coal-oil mixture, from tho action of hydrogen at high temperatures. Thus, by means 
of a suitable baffle, the incoming stream, at say 200°, may Iks made to flow down in contact 
with tho wall of the high-pressure vessel and thence up into the reaction space, which is 
maintained at the necessary high temperature by introducing the hydrogen at about 500°. 

•Courtesy of Scientific American. 

* l Brit. Pat. 282,384 (convention date, Dec. 20, 1926), to I. G. Farbcnind. A.-G. 

** IU. Off. J .. Feb. 15. 1928; Univ. Oil Prod. Co. Bull., Mar. 10. 1928; Can. Pat. 283,916, 
Oct. 9, 1928, to Pier and Rumpf (assigned to the I. G.), difFcrs but slightly in its specifications 
from the patent described in the preceding paragraph, although the apparatus may be used 
with gases containing carl>on monoxide. Cf. C'hem. Abst., 1929, 23, 691. 

**• I. G. Farbenind. A.-G., Brit. Pat. 309.057, Dec. 2, 1927; Chcm. Abst., 1930, 490. 

** Cf., Brit. Pats. 247.217 and 249,155 to the I. G. to which 277,273 is an addition. 

* 4 Brit. Pat. 279,825 (convention date, Oct. 28, 1926) to I. G. 

,4# Gordon and Imp. Chem. Ind., Ltd., Brit. Pat. 315,513, May 12, 1929; Brit. Chem. 
Abst., 1929, 803B; Chem. Abst., 1930, 1725. 
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PRETREATMENT OF MATERIAL 

4618. In addition to tho obvious step of grinding the coal, various other pre-treatments 
of tho raw material have been used, some to facilitate tho conversion, others to predetermine 
the nature of the products. 

4619. Reduction of Ash by Flotation. In order to reduce the mineral content 
of coal intended for hydrogenation 56 the pulverized fuel is treated with a hydro- 
carbon oil and an aqueous liquid. The bulk of the ash remains with the water. 

4680. Gravity separation by use of a bath of suitable density is the mothod of coal clean- 
ing adopted by Lessing.* 4 But, as he calls for removal of fine coal before the treatment, his 
method will hardly bo used to prepare coal for berginization. As separation of minerals by 
use of a fluid of intermediate density is a method of respectable antiquity, Lessing’s invention 
must consist in some new apparatus or device for applying it. One modification leaves part 
of tho bath solution with tho coal to act as a catalyst in hydrogenation. 

4620A. Prior to destructive hydrogenation, coal is treated to remove part of its content 
of fusain or durain, as by crushing and separating the fines, and hand picking. The caking 
properties of tho coal may bo modified by a preliminary hydrogonation, by preheating in the 
absence of air to 100°-350°, by heating in the presence of air, oxygen, steam, hydrocarbons or 
inort gases under pressure to 300°, by exposure to air or oxygen for long periods or by treating 
with various oxidizing reagents.* 6- 

4680B. A mixture of powdered coal with a liquid vehicle is conveyed over the greater 
part of tho distance between a mixer and a converter in the form of a relatively thin suspension, 
and is passed into a settling vessel from which the thicker and thinner suspensions are drawn 
off, the former being supplied to the hydrogenation converter whilo tho latter is returned to 
the mixer. If desired, the thin suspension may be passed through a heater on its way to tho 
settling tank.* 6 * 

4621. Preparation of Material for Berginization — Removal of Water. 17 Moist solid fuels, 
mixed with oil from previous batch, are centrifuged to remove water.** 

4622. Drying of Fuel before Berginization.* 9 This is effected by heating moist fuels 
under pressure to 200° C. and removing the separated water, a procedure facilitated by stirring, 
centrifuging, action of an electric field, or addition of aniline or alkyl sulphonates. 10 These 
provisions for removal of water contrast with the process described in para. 4623. 

4622 A. Carbonaceous materials are subjected to a preliminary treatment by distilling off 
water in the presence of an organic solvent such as mineral and tar oils of high boiling point, 
naphthalcno, anthracene, etc. The distillation may be effected at reduced pressure or in the 
presence of scavenging gases. High pressures may also be used, and the process may be 
effected in several stages at 300°-450° C. 10- 

4623. Hydrogenolysis of Coals, Tar, etc. (specifically of brown coal tar) Prevention of 
Coking. 11 By starting with wet material, or by adding water prior to berginization, coking is 
avoided. For example, brown-coal producer tar containing 40-50 per cent of water is pumped 
into a high-pressure reaction vessel in which it is vaporized or atomized with hydrogen, and 
then at 200 atmospheres and at 450-500° is passed over a catalyst containing molybdenum. 
The issuing vapors are condensed, and benzino and other petroleum hydrocarbons separated 
from the water. 

16 Brit. Pat. 296,536; French Pat. 639,681, Aug. 19, 1927; U. S. Pat. to Howard, 1,702,899, 
Feb. 19, 1929, assigned to Standard Oil Development Co. 

16 Brit. Pat. 282,874, Sept. 27, 1926. 

16- Lander, Sinnatt and King, Brit. Pat., 306,564, Sept. 17, 1927; Chem. Abet., 1929, 5032. 

*•* Tate, Stephenson and Imperial Chem. Industries, Ltd., Brit. Pat. 322, 917, Dec. 31, 
1928; Brit. Chem. Abet., 1930, 229B. 

17 Brit. Pat. 262,099, Nov. 26, 1925, to I. G. Farbenind. A.-G. 

* Chem. Age (London). 1927, 16, 397, 144. 

* Brit. Pat. 274.858, July 21. 1926, to the I. G. 

10 Chem. Abet., 1928, 22, 2259. 

,0- I. G. Farbenind. A.-G., Brit. Pat. 320,918, Appln. date, May 21, 1928; Chem. Age 
(London), 1929, 628. 

11 Brit. Pat. 257,910 (convention date, Sept. 2, 1925) to I. G. Farbenind. A.-G. 
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4624. Pretreatment of Coal, etc. Pott and Broche ** subject coal to an extraction proc- 
ess before hydrogenation. Prior to the treatment of coals and like solid carbonaceous mate- 
rials in suspension in oil with hydrogen under pressure to obtain benzines, the solid materials 
are first disintegrated by treatment with solvents, e.g., tetralin, under increased tempera- 
tures and pressures corresponding to the tension of the solvent. The disintegration treat- 
ment is conducted in stages so that the temperature used in each step lies close to the decom- 
position temperature of the residual portion of the material. Five hundred grams powdered 
gas carbon are treated with 1000 cc. tetralin in four extractions at 320, 350, 380, 400° C. 
Over 70 per cent of the carbon passes into solution and after separation of ash and removal 
of solvent a pitch-like glittering mass is obtained which melts when heated and is suitable for 
conversion into benzines, etc. Examples are given of the treatment of caking coals and coal 
extracts.** 

4625. The process described in the preceding paragraph has much in common with that 
set out below.* 4 Oils and other organic products are obtained from coal and other solid 
carbonaceous materials by treatment at pressures of at least 75 atmospheres and at temper- 
atures below the coking temperatures of the extracting agent, with such hydrocarbons or their 
derivatives as are liquid under the reactive conditions, contain substantially no components 
boiling below 100° C., and boil mainly between 100° and 300° C. Catalysts and gases sub- 
stantially free from hydrogen may be present. The treatment may be conducted in stages at 
different pressures, lower pressures than 75 atmospheres being used initially if desired. Pres- 
sures up to 1000 atmospheres are specified ; temperatures of 300°-400° C. are preferable. The 
oils may be worked up into Diesel oils, lubricating oils, insulating oils, and the like, or be used 
for the treatment of fresh coal; or they or the solid residue may be treated with hydrogen in 
presence or absence of catalysts and pressure to produce middle oils, benzine, and the like. 
Extracting agents specified are xylene, crosol, hydrogenated naphthalenes, aniline, alkaline 
substances decomposing coal, oils boiling above 180° C. obtained by the process, oils resulting 
from the distillation of low-temperature carbonizod coal, lignite, or mineral oils, or from 
the destructive hydrogenation of coal, tars, mineral oils, etc., or from the catalytic hydrogena- 
tion of oxides of carbon under pressure.** 

4626. Anti-knock Fuel by Hydrogenolysis.** The protroatment of highly bituminous coal 
with a solvent (e.g., gasoline) to remove bitumen, causes the product obtained from the coal 
by subsequent treatment with hydrogen to possess anti-knock properties. 

4627. The addition of lignite or peat to the raw materials (other than lignite or peat) for 
berginization leads to an increased yield of Liquid products and diminishes the tendency to 
coke formation. The raw mixtures so formed flow under high pressure like viscous fluids.* 7 

4628. Preheating Raw Material. Liquid hydrocarbons or carbonaceous pastes which 
are to be subjected to destructive hydrogenation or other process involving high temperatures 
are preheated in vessels or tubes the walls of which act as electrical resistances and are trav- 
ersed by a heating current. Iron pipes may be used for the purpose up to about 400°, but 
if higher temperatures are used the pipes should be constructed of aluminum or chromium- 
nickel steel in order to prevent carbon deposition or methane formation.* 1 

4628A. Solid carbonaceous materials, such as coal, peat or wood, are heated under pres- 
sure (which may bo as high as 1000 atmospheres) at temperatures below the coking point of 
the initial materials (suitably 200°-450°), previous to cracking or destructive hydrogena- 
tion.** - Water, alkaline substances such as alkalino sulphides and other inert or catalytic 
substances such as iodine or molten or liquid metals such as lead, tin, bismuth, mercury or 
alloys of low melting point may be added. An examplo is given of such a preliminary treat- 
ment of brown coal, followed by catalytic hydrogenation of liquid products thus obtained. 

4629. Desulphurization.* 9 Coal pastes, tars, oils, etc., containing sulphur, are treated 

92 Brit. Pat. 293,808 (convention date, July 12, 1927). 

** IU. Off. J., Sept. 15. 1928; Unxv. Oil Prod. Co. Bull., Oct. 3, 1928. 

94 Brit. Pat. 283,545, Dec. 21. 1927, to I. G. Farbenind. A.-G. 

** IU. Off. J., Mar. 7, 1928; Unxv. Oil Prod. Co. BuU., Apr. 7. 1928. 

•• Brit. Pat. 281,247, Nov. 26, 1926, to I. G. Farbenind. A.-G. 

97 Brit. Pat. 256.964. Aug. 10. 1926. 

"Brit. Chem. Abet., 1928, 738B; Brit. Pat. 279,825, Oct. 13, 1927, to I. G. Farbenind. 
A.-G. 

**• I. G. Farbenind. A.-G., Brit. Pat. 308,633, Dec. 21, 1927; Chem. Abet., 1930, 490. 

"Brit. Pat. application 296,429 by the I. G. Farbenind. A.-G., convention date, Sept. 1, 
1927. 
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with hydrogen in presence of a catalyst (e.g., molybdenum) in the liquid phase, to eliminate 
sulphur and asphalt. 


RELEASE OF PRESSURE 

4630. Utilization of the Energy of Gas Compression. 40 After the usual berginization 
series of operations the residual permanent gases, still under pressure, are expanded to 
atmospheric pressure in an engine. 41 

4630A. After preliminary separation of liquids from associated gas and vapor (suitably 
in an apparatus as described in British Patent 310,985), condensable vapors may bo removed 
by cooling or scrubbing, and the gas may be expandod in an engine and the liquid utilized to 
drive a Pelton wheel. 41 * 

4631. According to Lander 41 the vapors leaving the last reaction vessel are cooled and the 
pressure released in two stages: first, to 60 atmospheres at which pressure they are scrubbed 
with oil to remove gasoline and then to atmosphoric pressure at which the final crude product 
is collected. 


Recovery of Products 

4632. Berginization, Recovery of Products. Water having been removed 
from the crude product of the berginization of coal, the bituminous material is 
mixed with aliphatic hydrocarbons, such as gas-oil. First the unaltered coal set- 
tles out and, afterwards, the asphalt. For example, all substances, including 
water, distilling up to 280° C. having been removed, the residue is mixed with 
one-fifth of its volume of raw petroleum. After one hour the liquid is decanted, 
bearing asphalt and other solids. After three to five hours it is again decanted 
from soft asphalt. The oil is then fractionally distilled to obtain light lubricants 
and gas-oils. 43 

4633. Purification of the Liquid Complex Hydrocarbon Products. The crude liquid 
hydrogenation products are treated with one of the lower aliphatic alcohols (e.g., crude 
synthetic methyl alcohol obtained by the catalytic hydrogenation of carbon monoxide). 
The treatment is preferably carried out by a counter-current method, the solid paraffins 
having first been separated from the crude oils at — 10°. The impurities dissolve in the alco- 
hol and highly refined products are obtained, suitable for uso as lubricating oils, etc. 44 

4633 A. In the separation by solvents of the oils from the solid residues obtained in 
destructive hydrogenation, the solvent and material treated are introduced continuously to 
the extractor, and the oil-free residue and the extract are continuosuly removed. In a 
countercurrent process, 200 kg. per hour of hot sludgo from a high-pressure vessel of the 
destructive-hydrogenation plant is discharged through a valve into a heat-exchanger, and 
passes by a pipe and a distributor to an extractor; it is agitated by stirrers and falls by 
gravity to a discharging worm ; 300-400 liters per hour of benzol is forced in at the lower end, 
and rises to a settling chaml>cr fitted or not with a filter. The extract flows by a pipe to the 
exchanger maintained at 140-160° C. so that the benzol distils over to a condenser, and flows 
through a collector, a meter, an inspection chamber, and a pump to tho extractor. Tho 
extractor is kept at about 45-55° C. The product may be destructively hydrogenated, or 
used to triturate coal to l>e so hydrogenated. 44 * 

40 Brit. Pat. 280,734, Jan. 10, 1927, to tho Internat. Bergin Co. of Holland and to Debo. 

41 Chcm. Age (London), 1928, 17, 577. 

4! * Harrison and Imperial Chem. Industries, Ltd., Brit. Pat. 311,193, Dec. 31, 1927; Chem. 
Abet., 1930, 670. 

41 Chem. Age (London), 1929, 20, 120. 

43 Brit. Pat. 262,738, Dec. 11, 1925, to Deutsche Bergin. A.-G. Kohlc- u. Erdolchemie; 
Chem. Age (London), Feb. 19, 1927, 189; U. S. Pat. 1,709.957. Apr. 23. 1929, to Schoenemann. 

44 Brit. Pat. 257,270. Aug. 18, 1926, to the I. G.; Brit. Chem. Abet., 1928, 359B. 

44 * Brit. Pat. 312,657, Feb. 20, 1928, to the I. G. 



HYDROGENOLYSIS PLANT AND INDUSTRIAL PROCESSES 543 


4633B. Oils are separated from mixtures with solid substance, such as sludge obtained 
by the destructive hydrogenation of brown coal, by adding a wetting agent and a solvent for 
the oil and centrifuging. 444 

4633C. Oils contained in the residues from the hydrogenation under pressure of coal, tars 
and mineral oils, are recovered by continuous circulation of the residues and a solvent in 
opposite directions. The hydrogenation products having a high content of aromatic com- 
pounds may be used as solvents and aro recovered. 444 

4633D. Extraction of hydrocarbons from coal, tars, mineral oils, etc., with liquid organic 
solvents under pressure is effected in the presenco of organic wetting or emulsifying agents, 
with or Without addition of hydrogen or other suitable gas or use of alkalies, magnesium oxide 
or xinc oxide. 44 * 1 

4633E. In order to separate the oils from solid residues of varieties of coal, tars, and 
mineral oils under pressure, the residues are mixed with solvents and the mixture filtered in 
an apparatus to and from which the solvent, the mixture, the extracted products, and the 
extracted residues are continuously supplied and removed. The solvents used aro preferably 
oils of boiling range 150°-300°, derived from the destructive hydrogenation process itself. 
The residues from the filter may bo subjected to a subsequent low-temperature carbonization. 44 * 

4633F. Liquid or readily liquefiable products are obtained from solid distillable carbona- 
ceous materials such as coals, oil shales or other bituminous sulwtances by destructive hydro- 
genation “ under mild conditions ” so that the formation of benzine is substantially avoided, 
followed by extraction with solvents. Brown coal may be treated at 450° under 200 atmos- 
pheres pressure with a counter-current of hydrogen. 447 

4634. The crude viscous distillate is treated with benzene or light petroleum and with 
a small quantity of a mineral acid, whereby the resinous matter is coagulated and may be 
separated by filtration. The remaining oils are then separated by fractional distillation or 
by chemical treatment. 45 

4634A. Tars from the carbonization at low temperatures of coal, oils obtained from this 
or other tar, as well as oils from the hydrogenation under pressure of coal, tars or mineral oils 
are refined by treatment (preferably after a preliminary treatment with hydrochloric acid and 
elimination of the acid tar thus formed) by a mineral acid, such as sulphuric acid or hydro- 
chloric acid, dissolved in alcohol or other organic solvent. 45 * 

4634B. Oils are recovered from the oil-bearing residues of the destructive hydrogenation 
of coal, tars or mineral oils or the residues from the extraction of coal under pressure by 
benzene. These residues are mixed with coal dust, sawdust or the like, and oils from the 
residues are obtained mixed with the oils from the powdered fuels and are suitable as a " past- 
ing medium " for destructive hydrogenation. Coke ash or clinker may be added to promote, 
catalytically, the formation of low boiling-point hydrocarbons or to loosen the starting 
material. 454 

4636. Products of berginization are among those to which the process of Hofmann and 
Wulff 44 is applied. The oil is purified by treatment with hydrogen chloride in an organic 
solvent. 

4636. The insoluble substances in the product of hydrogenation of coal aro separated from 
the crude oil by the addition of naphthalene or like hydrocarbon. An absorbent such as 
fuller’s earth may be added. 47 

4637. The distillation of ( inter alia) solid or liquid residues of hydrogenation is attended 
with considerable loss. 48 This loss may bo reduced by admitting at temperatures above 

444 I. G. Farbenind. A.-G., Brit. Pat. 314,405, Jan. 23, 1928; Chem. Abat .. 1930, 1534. 

44 ‘ I. G. Farbenind. A.-G., French Pat., 661,327, Oct. 1. 1928; Chem. Abat., 1930, 490. 

4W I. G. Farbenind. A.-G., Brit. Pat. 309,229, Oct. 3. 1927; Chem. Abat., 1930, 489. 

441 Brit. Pat. 323,791, Sept. 11, 1928, to I. G. Farbenind. A.-G. Addition to Brit. Pat. 
312,791; Brit. Chem. Abat., 1930, 310. 

447 I. G. Farbenind. A.-G., Brit. Pat. 315,764, July 17, 1928; Chem. Abat., 1930, 1725. 

45 Brit. Chem. Abst., 1929, 45B; French Pat. 623,184, Oct. 15, 1926, to Soc. Intemat. des 
Combust. Liq. 

45 * I. G. Farbenind. A.-G., French Pat. 661,740. Oct. 4. 1928; Chem. Abat., 1930, 492. 

444 I. G. Farbenind. A.-G., Brit. Pat. 304,404, Nov. 5, 1927; Chem. Abat., 1929, 4802. 

46 Brit. Pat. 298,484, convention date, Oct. 6, 1927, Brit. Chem. Abat., 1930, 406B. cj. 
para. 5037A. 

47 French Pat. 639,240. Aug. 9, 1927. 

48 Brit. Pat. 301,130, Sept. 5, 1927, to the I. G. 
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300° C. and under reduced pressure, gases or vapors which contain liquids of lower boiling- 
points (e.g., water, benzene, toluene, alcohol, benzine) preferably in a state of mist. The 
method is applicable to the distillation of the residues of berginized lignite. 40 

4637 A. For the recovery of organic substances which are voiatilixable at an elevated 
temperature, a mixture of oleaginous liquors and solid matter obtained by destructive 
hydrogenation of coal is fed in a thin stream on to a revolving vertical cylinder or cone down 
the surface of which it flows. 4 * - The cone is heated by burner gases either from the outside 
or through a chimney within the cone, the gases passing in the latter case down the inside of 
the cone and up over the outer surface. The volatile products are carried off by the heating 
gases, and the solid residue is removed by suitably placed scrapers. 

4638. Apparatus for destructive distillation with cracking and hydrogenation of product. 
(Raw materials are coal, shale, lignite, distillation residues, resin, pitch, etc.) 10 

4638 A. Destructive hydrogenation of coal in suspension in oil is effected in a vertical 
tower. A heavy oil not readily decomposed during the reaction, such as the product of a 
previous hydrogenation, is used to fill the tower, and the carbonaceous material is admitted 
at the top or bottom of the tower and hydrogen at its bottom, while the residual material is 
removed at its base by a pump. Temperatures of 300°-500° and a pressure of 100 atmos- 
pheres are suitable. Brit. Pat. 309,258 specifies various structural details. 40- 

4638B. It is also proposed to distil solid carbonaceous material in oil by causing the 
comminuted material to move through a body of oil so as to bo subjected to progressively 
increasing temperatures. Superheated steam, hydrogen or a gas containing hydrogen may 
be introduced at the hottest part of the oil so as to increase the yield of oil and to agitate the 
charge. 40 * 

4638C. Operating pressures ranging from 300 to 1000 atmospheres have been proposed 
by Gordon. 40- When the pressure range is between 300 and 500 atmospheres a temperature 
of 420° C. is preferred while somewhat higher temperatures are considered desirable with the 
higher pressures. 

4638D. Not many years have elapsed since technical men in general regarded pressures 
of a few hundred pounds rather hazardous in the conduct of chemical operations. This is in 
contrast with the recommendation by Gordon 404 that pressures running from 1000 atmos- 
pheres up to even as high as 10,000 atmospheres be used. By one procedure employing such 
pressures the material to be hydrogenated is treated with circulation of hydrogen and a final 
treatment is then accorded with a single passage of hydrogen. 

4638E. Solid carbonaceous material, such as coal or lignito, which on treatment at raised 
temperatures with hydrogen under 200 atmospheres pressure yields a viscous product, is 
treated (with or without addition of an oil or tar vehicle) with hydrogen under a pressure of 
at least 500 atmospheres and a temperature of approximately 420° to yield a mobile product 
which can be filtered. 40# 

4638F. Apparatus 40/ for the treatment of a mixture of brown coal and a high-boiling coal 
hydrogenation product. 

4638G. Recovery of hydrogenation products. 40 * 

• Chcm. A{je (London), 1929, 19, 638. 

I. G. Farbenind. A.-G., Brit. Pat., 317,506, April 30, 1928; Bril. Chem. Abat., 1M9, 

879B. 

40 Brit. Pat. 132,490, June 4, 1919, to Rousseau; Chcm. Abat., 1930, 341. 

40- Humphrey and Imp. Chem. Ind., Ltd., Brit. Pat. 308,995, Nov. 30, 1927; Chem. Abat., 
1930, 490; for structural details see Brit. Pat. 309,258. 

404 Humphrey and Imp. Chem. Ind., Ltd., Brit. Pat. 305,744, Nov. 30, 1927; Chem. Abat., 
1939, 5032-3. 

40 * Gordon and Imp. Chem. Ind., Ltd., Brit. Pat. 309,095, Dec. 2, 1927; Chem. Abal ., 1930, 
490. 

104 Gordon and Imp. Chem. Ind., Ltd., Brit. Pat. 309,239, Jan. 14, 1928; Chem. Abat ., 
1930, 490. 

I0- Rule and Imp. Chem. Ind., Ltd., Brit. Pat. 314,213, Juno 22, 1928; Chem. Abat., 1930, 
1204. 

40/ 1. G. Farbenind. A.-G., Brit. Pat., 322,489, Sept. 3, 1928; Chem. Age (London), 1930, 
125. 

40 * Luther and Pieroh, Assrs. to I.G. Farbenind. A.-G., U. S. Pat. 1,723,458, Aug. 6, 1929; 
Ger. Pat., Nov. 27, 1925; see Brit. Pat. 262,086; Brit. Chem. Abat., 1938, 151B; 1939, 917B. 
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The Hydrogen Problem 

4639 . The liquefaction of coal by reaction with hydrogen is a process which 
requires an ample supply of cheap hydrogen. The production in large volume 
of hydrogen of adequate purity at a low cost is a problem of no mean proportions. 
Various methods have been advocated. 

4640 . In those subsequent chapters which are concerned with the production 
of hydrogen a number of processes are described which are suitable for the manu- 
facture of this gas on the large scale. Among these are the water-gas process, 
the winning of hydrogen from coke-oven gases and petroleum still gases, and 
the treatment of natural gas in various ways, including the reaction between 
methane S1 and water. 

4641 . In the hydrogenation of oils repeated use of the gas is rendered possible 
by the conversion of the methane formed into hydrogen and carbon by high- 



Fio. 102 — Diagram Illustrating Combination op Coal-Gas Plant with a Bbrgin Plant. 

temperature cracking. Gases from the reaction vessel are circulated through a 
washer where the methane is removed by solution in petroleum or tar oils, the 
hydrogen, free from methane, being returned to the reaction vessel. The methane 
is recovered from solution by releasing the pressure and then passed through a 
cracking vessel, where it is decomposed into hydrogen and carbon. Coke-oven 
gases may be supplied to the methane washer or cracker as a source of hydrogen 
for the process. 

4641. A method for recovering hydrogen from the volatile products of tho reaction is 
described by Bergiua.** The mixed gases and vapors are passed from the reaction sphere 
through a condenser followed by an oil washer in which the permanent gases are scrubbed 
under high pressure. Tho residual gases containing hydrogen are returned to the reaction 
vessel. The wash oil is stripped of its hydrocarbons, which are decomposed at a high tem- 
perature into hydrogen and carbon, the hydrogen being returned to the reaction chamber. 

4643. Quite similar to the first part of the just described process is the following : M The 

fl U. 8. Pat. 1,699,177, Jan. 15, 1929. 

51 U. S. Pat. 1,607,939, Nov. 23. 1926; Brit. Chem . Abst., Mar. 4, 1927, 133B. 

M I. G. Brit. Pat. application 272,538, convention date June 11, 1926. 
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liquid product* arc condensed out of the gases, and the remaining gases are then scrubbed 
with a benzine obtained by the destructive hydrogenation. The dissolved gases are liber- 
ated by reduction of pressure or increase of temperature. The hydrogen, which is first 
obtained [which is the first to come off] is compressed and used again. 64 

4643 A. Gaseous mixtures containing hydrogen are washed under pressure and at elevated V 
temperatures with a liquid consisting of a tar or mineral oil, the solvent power of which for 
hydrogen increases with a rise of temperature. On cooling the liquid without releasing the 
pressure, a gas rich in hydrogen is evolved. Suspensions of coal in oil, or tars which are to be 
hydrogenated, may be used as washing liquids under such conditions of temperature and 
pressure that they take up the quantity of hydrogen necessary for their subsequent hydro- 
genation, without any appreciable alteration in their chemical nature. 64 

4644. Another method 66 seems directed towards a vigorous purification of the hydrogen 
and is perhaps intended for the ammonia synthesis rather than for the less exacting process 
of berginization. The gaseous mixtures are washed with benzines under pressure and at a 
temperature below —60° but above the freezing-point of the solvent. Greater efficiency 
is obtained by atomizing the solvent in a scrubber into which the gas is introduced under 
pressure. Methane and its higher homologs are the chief impurities removed, other compounds 
being potential catalytic poisons such as ether, carbon monoxide, hydrogen sulphide, carbon 
disulphide, etc. 67 

4646. This preparation for ammonia synthesis is the express object of the process described 
below. 68 The accumulation of methane in the residual gases can be avoided, but nitrogen 
continues to accumulate. The gases are particularly suitable for ammonia synthesis owing 
to their low sulphur content. 

4646 A. The unsaturated hydrocarbons in gaseous mixtures obtained by the thermal treat- 
ment of gases containing hydrocarbons are recovered by adsorption under pressure on 
activated carbon or other solid a!>aorbent. The residual compressed gas, principally hydro- 
gen, is utilized in the hydrogenation of coal. 68 * 

4646. Purification of Gases by Liquefaction. 69 ‘'Hydrogen is recovered from admix- 
ture writh methane and other light hydrocarbons and catalyst poisons by cooling to tempera- 
tures above the liquefaction point of hydrogen and below that of the other constituents at a 
pressure above atmospheric, washing the gas by the liquid condensate thus produced and 
finally passing it through a highly porous substance, which may be precooled, e.g., by the 
liquid condensates. Washing with other organic materials such as alcohols or ketones may 
be combined with the washing with the condensates. The porous mass may bo active char- 
coal, silica or alumina gel, chabasite or lignite." 80 

The impure hydrogen, containing about 8 per cent of methane (and homologs) and small 
quantities of potential catalyst poisons, is washed at —150° and at a pressure up to 400 
atmospheres with a suitable organic solvent, of which liquid methane, obtained in the process, 
is preferred. Final traces of the impurities are removed by adsorption in active charcoal, 
silica, alumina gel, natural sul>stance8 liko chabasite, brown coal, etc., either separately or 
together. The hydrogen remaining is exceptionally pure and particularly suitable for the 
synthosis of ammonia. The liquid methane and cold hydrogen may be used to precool the 
impure gas and the adsorbents. When methane has been used in the preliminary washing 
the adsorbent is sufficiently regenerated by raising the temperature to — 80°. ei 

4647. Lander, Sinnatt and King, 61 instead of purifying the whole of the circulating gas 
in berginization in each cycle, treat a portion only, sufficient to maintain a satisfactory com- 
position. The treatment results in removing sulphur, carbon dioxide and hydrocarbons. 

4647A. Hydrogen and gases containing hydrogen are rendered fit for reuse in hydrogena- 
tion by treating them with absorbents until the concentration of hydrogen sulphide is below 

64 Chem. Age (London), 1927, 17, 173; cf. French Pat. 634,821, May 21. 1927; Chem. Abet ., 
1928, 22, 3979. 

68 I. G. Farbenind. A.-G., Brit. Pat. 325.968, Jan. 30, 1929; Brit. Chem. Abet .. 19S0, 449B. 

61 Brit. Pat. 299,167, Nov. 29, 1927, to Johnson (an I. G. communication). 

67 Brit. Chem. Abet., 1929, 46B. 

68 Brit. Pat. 302,620, Sept. 17, 1927, to Johnson (an I. G. communication). 

Brit. Pat. 325,309, Nov. 26, 1928, to Johnson, from I. G. Farbenind. A.-G.; Brit. Chem . 
Abet., 1930, 406. 

69 Brit. Pat. 299,588, Sept. 29. 1927 (an I. G. patent). 

90 III. Off. J., Dec. 19. 1928; Univ. Oil Prod. Co. Bull. 

91 Brit. Chem. Abet., 1929, 18B. 

« Brit. Patent 302,629, Sept. 17, 1927. 
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0.3 per cent by volume. Fractions containing sulphur-fixing agents may be used as absorb- 
enta. 6 *- 

4648. Berginization: Increasing Activity of Gases. 63 Gases capable of increasing the 
proportion of atomic hydrogen, carbon monoxide or other highly active gases. 64 

Products 
Primary Products 

4649. The diagram (Fig. 103) which is based on statements made by Bergius 64- 
at the Pittsburgh Conference, 1926, shows the products and yields obtained on 
berginization of a typical coal. 

1 ton Dry Coal (6* Aib) 
wUh the necessary Hydrogen and Ferric Oxide 


445 kj 


nun 


Oil tlOkg.Gss 76 kg.Waur 6 ki.Ammonlt *50 k*. Resides Containing Oil like 

mad Insoluble Organic Matter 


Carbonisation 


U: 


80 kg. Oil *40 kg. Coke U kg 
( Including Ash ) 


See 6 kg.Loee 


150 kg. Neutral Ref. Motor-spirit 
( Bolling Range 90-230 * C.) 

200 kg. Diesel Oil and Creosote Oil. 

60 kg. Lubricating Oil. 

80 kg. Fuel OU. 

S6 kg. Distillation and Refining 

Fro. 103. — Yields from a Bituminous Gas-Coal. 


4660. Lander •* gives a typical example of the yields fcn'th tha 1-ton per 
day continuous plant of the British Fuel Research station. 

Yields per Ton of Coal 
Hydrogen Consumed = 114 lb. 

Fraction 0°-175°C.= 83 lb. 

Fraction 175°-230° C. = 208 lb. 

Fraction 230°-270° C. = 197 lb. 

Fraction 270°-310° C. = 105 lb. 

Fraction 310°-360° C. = 20S lb. 

Pitch.... = 329 lb. 

Gas benzine = 42 lb. 

Bergin gas =325 lb. 

Unconverted coal =303 lb. 

Water = 179 lb. 

Coal ash *=161 lb. 

Lose = 154 lb. 

Coal 2240 lb.+hydrogen 114 lb. = 2354 lb. 


I. G. Farbenind. A.-G., French Pat. 668,668, Jan. 30, 1929; Chem . Abet., 1930 1725 
M French Pat. 606,897, Feb. 17, 1925, to Prud’homme. 

64 Brit. Chem. Abet., Mar. 18, 1927, 180B. 

The Transformation of Coal into Oil by Means of Hydrogenation. Bergius, Proceedings 
of the International Conference on Bituminous Coal, Nov., 1926, Carnegie Institute of Tech- 
nology. See also Ind. A Eng. Chem., News Edit., Dec. 10, 1926. 
w Chem. Age (London), 1929, SO, 120. 



548 


HYDROGENATION 


4661. Bergius ( loc . cti.) states that the hydrocarbons obtained are aliphatic, 
aromatic and hydroaromatic. The gasoline behaves, in internal combustion 
engines, like a mixture of natural gasoline and benzol. The production of satis- 
factory lubricating oils involved many difficulties, but this problem has now 
been solved in the laboratories of the Gesellschaft fur Teer-Verwertung. The 
phenolic compounds consist chiefly of cresols. Fifty per cent of the nitrogen 
of the coal is obtained as ammonia, the remainder as organic bases. The sulphur 
is entirely converted to hydrogen sulphide. Bergius emphasizes the essential 
difference between the products of berginization and the tars of carbonization at 
any temperature, high or low. From 15 to 20 per cent of the carbon appears as 
methane and ethane. 

4MJ. Tar* and Oils from Berginized British Coals. Sinnatt, King and Linn ell M report 
that from 60 to 60 per cent of average British bituminous coal may be converted into liquid 
hydrocarbons, while about 15-20 per cent is converted into gas and about 10 per cent of 
solid organic matter is found as a residue. Ormandy and Craven 67 have made, in association 
with the Fuel Research Division, a study of the light oils distilled from the crude oil obtained 
by the hydrogenation of a typical English bituminous coal, and the following is quoted from 
their paper: unsaturateds, 3.1 per cent by weight; aromatics: benxene 2.7, toluene 1.9 
xylenes, etc., 2.9 per cent; paraffins, butanes, isopentane, etc., 10.8 per cent, n-pentane 10.6, 
per cent, isohexane, etc., 6.3 per cent, n-hexane 10.0 per cent, isoheptane, etc., 2.9 per cent, 
n-heptane 6.5 per cent; naphthenes: cyclopentane 0.8 per cent, methylcyclopentano 4.5 per 
cent, cyclohexane 10.3 per cent, methylcyclohexanes 11.4 per cent; residue, 15.4 per cent. 

4663. Oil from Lower Silesian Coal. 6 * A detailed analysis was made of the oils obtained 
from unwashed coal dust containing 17.7 per cent of ash, 28.5 per cent of volatile matter 
(both reckoned on the dry coal), and an exceptionally high proportion of fusain, which is 
known to yield very little oil on berginixation. The coal was made into a paste with half 
its weight of an oil obtained from a previous berginixation of similar coal, and the experi- 
ment was run continuously for two and one-half days at a throughput of 7 kg. of paste per 
hour. The total oil yield was 36.45 per cent of the raw coal, i.e., 33.09 per cent of oily product 
and 3.36 per cent of benxine recoverable from the gas. The black, viscous oil contained 29.5 
per cent of dust, to remove which the light oils were distilled off up to 230° (during which 
ammonium carbonate separated out in the receiver), and the residue was dissolved in benxene 
and filtered warm. After removing the benxene, the light and heavy oils were united and 
fractionally distilled (under diminished pressure above 220°) up to pitch (9.26 per cent of the 
raw coal). It is difficult to remove the oil completely from the dust, which, after extraction 
contained 40.65 per cent of ash and 10.45 per cent of volatile matter. The oil fractions were 
extracted by the usual methods for phenols, bases, etc., showing the total distillate to be com- 
posed of 75.7 per cent of neutral oils, 12.0 per cent of phenols, 3.5 per cent of bases, and small 
traces of carboxylic acids, resin, and a sediment. 10.3 per cent of the phenolic compound 
was phenol itself, while phenol, cresols, and rylenols (boiling-point up to 220°) constituted 
66.5 per cent of the whole. The basic fraction contained primary (aniline, toluidine, xylidine), 
secondary (not identified), and tertiary bases (pyridine absent; collidine, quinoline, quin- 
aldine, and probably isoquinoline identified). The benzine from the gas was refined with 
sulphuric acid and fractionally distilled, the bulk distilling below 185° and containing ben- 
zene, toluene, xylene (shown by nitration), with a large proportion of their hexahydro-deriva- 
tives (shown by dehydrogenation). The light oil fraction (boiling-point up to 180°) of the 
main product, similarly refined and fractionally distilled, had an analogous composition, the 
ratio of aromatics to hydroaromatics being, however, greater than in the benxine. The 
higher fraction (180°-220°) of the oil contained naphthalene and its tetrahydro- and decahy- 
dro-derivatives. All the neutral oil fractions were remarkable for their low sulphur content 
(0.76-1.12 per cent). Attempts to prepare a satisfactory lubricating oil from the higher 
fractions were unsuccessful. The solid constituents of the neutral oils comprised a small 


66 J.S.C.I . , Nov. 19, 1926, 392T. 

67 J. Init. Pei. Tech., 1926, 11 , 77. 

• Heyn and Dunk el, Brennstoff-Chem., 1926, 7, 20, 81, 245. 
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quantity of paraffins and a considerable quantity of aromatic hydrocarbons (mainly phenan- 
threne). 60 

4664. Oil from Lignite Semi-coke. 70 The oil obtained by Fischer and Frey from a 
German lignite semi-coke by treating 5-6 times for fifteen to sixteen hours at 460° with 
hydrogen under a maximum pressure of 200-260 atmosphores was examined. The yield 
of oil was 27 per cent of the coke. An analysis of the oil gave neutral oils (60°-150°) 8.9 per 
cent, (150°-280°) 38.2 per cent, (above 280°) 17.5 per cent; residue 17.8 per cent; phenol 
3.2 per cent; o-cresol 1.5 per cent; m-cresol 1.9 per cent; phenols (220°-280°) 7.1 per cent 
(above 280°) 1.7 per cent; bases (180°-280°) 2.2 per cent. The products obtained by hydro- 
genation, viz., the cyclic nature of the hydrocarbons and the formation of phenols in quantity, 
furnish additional evidence of the aromatic structure of coal. 71 

4666. Oil from Arley Coal. 71 Arley coal exposed for twelve hours to hydrogen at 430° 
and 127 atmospheres pressure absorbs 3.65 per cent of hydrogen, 67.6 per cent of the dry 
ash-free coal being converted into a liquid soluble in phenol and 61.4 per cent into a liquid 
soluble in chloroform. Of the hydrogen absorbed 2.3 per cent (reckoned on the coal) is fixed 
in the solid and liquid products, the latter containing also sulphur, nitrogen, and oxygen. 79 

4666. According to Ger. Pat. 483,634, 7,# a mixture of “ gas M coal and “ pitchy luster ” 
coal in the proportions 100 : 40 yields tie greatest amount of distillate on hydrogenation. 
The cracking of primary tar from a coal of Donetzki Basin at 380°-420° in presence of alumina 
and ferric oxide at 70 atmospheres initial hydrogen pressure gave a lower yield of low-boiling 
substances soluble in sulphuric acid and a higher yield of high-boiling fractions than in the 
absence of hydrogen. By alteration of cracking the aromatic content of the light products 
can be controlled. 7,k 

4657 . Bergin Lubricants. Spilker, 7 * dealing with synthetic lubricating oils, 
says that reduction products from berginizing coal and especially coal tar 
and coal-tar pitch show all the properties of the best lubricating oils. One 
of these, chrysene, is shown by analysis to have the composition C 18 H 28 
or C n H n - g . Lubricants from petroleum range from C n H 2>l + 2 , the paraffins, 
through C n H 2a and C n H 2n -4 to about C n H 2n _ 6 . The lubricants obtained by 
hydrogenation of coal, coal tar, etc., are not constituted chemically like the heavy 
oils from petroleum. By suitable means they can be converted back to the aro- 
matic compounds. This cannot be done with the constituents of the petroleum 
oils. The per-hydrogenated oils have a gravity of over 1 ; and range in viscosity 
Engler at 50° from 2 to 16, or even higher. This would call for the working out 
of new standards. Coal dust from the most recent coal formations combined with 
coal-tar pitch in the proportion of 2 : 1 forms the best raw material for the pro- 
duction of lubricants by berginization. 

4667 A. In order to obtain lubricating oils, 74 brown coal (or its fractions free from benzine 
or wax) is heated to 100°- 200° with chlorides such as those of aluminum or iron suitablo for 
use in the Friedcl-C rafts reaction. As activating sulwtances, there may be added uranyl 
nitrate or other salt of heavy metal of the sixth group, and the fractions may be preliminarily 
subjected to hydrogenation, oxidation or dehydrogenation. 


90 Bril. Chem. Absi. t 1926, 809B, see also Heyn, Petroleum. Z. % 1927, 23, 281. 

70 Tropsch and Ter-Nedden, Brcnnstoff-Chem ., 1925, 6, 143. 

71 J.S.C.I., 1925, 486B. 

71 Shatwell and Bowen, Fuel, 4, 252. 

71 J.S.C.I., 1925, 530B. 

lu To Deutsch Bergin-A.-G. fur Kohle und Erddlchcmie, Apr. 2, 1927; Chem. Abet., 1930, 
2275. 

m Ipatiev, Petrov and Ivanov, J. Appl. Chem. Russia, 1929, 2, 429-35; Bril. Chem. Abst., 
1930, 309B. 

lle Brennstoff-Chemie, Sept. 1, 1926, 261. 

74 Brit. Pat. 316,701, May 11. 1928, to I. G. Farbonind. A.-G.; Chem. Abst., 1930, 1971. 
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4657B. Synthetic hydrocarlxms of suitable viscosity, manufactured by hydrogenation of 
carbonaceous material, are mixed with small quantities (1 per cent or less) of organic acids 
containing more than five carbon atoms (e.g., oleic acid), to form lubricating oils. 74 * 



Fio. 104. — Graph Indicating in a General Wat tub Normal or Expected Yields 
from Petroleum Subjected to Usual Methods of Treatment. 74 * 


Secondary Products 

4658. Production of Aromatic Hydrocarbons, (a) Liquid hydrocarbons obtained from 
the destructive hydrogenation of carbonaceous materials are converted into products rich in 
aromatic hydrocarbons by heating them, either alone or together with water vapor or hydro- 
gen, in the presence of dehydrogenating catalysts. Oxides of the metals of the sixth group 
of the periodic system, or mixtures of these with oxides of the metals of the third and fourth 
groups, form suitable catalysts. Active charcoal, either alone or mixed with these metallic 
oxides, may also be used for the purpose. (6) The above process may be applied to hydro- 
carbons resulting from cracking processes, or to any hydrocarbons containing cycloparaffins. 74 

4659. Products of berginization are treated with excess of hydrogen under 10-200 atmos- 
pheres pressure at 500°- 1000° C. in the presence of chromium or manganese oxide, for the 
production of benzene, naphthalene, anthracene and phenanthrene. 76 

4660. Carbonaceous material is hydrogenated under pressure in presence of anthraceno or 
a homolog above the decomposition temperature of hydrogenated anthracene. Anthracene, 
etc., may 1» recovered by fractional distillation of a part of the product. [Hofs&ss, U. S. Pat. 
1,711,499, May 7, 1929; Bril. Chem. Abat., 1929, 879B, Cf. paragraph 4720.) 

74- *Wilke, Brennstoff und W flrmexrirtachaft, 1929, Vol. 22, Wilhelm Knapp, publisher. Halle. 

744 Wells and Southcombe, Brit. Pat. 320,899, July 19, 1928; Bril. Chem. Abat., 1930, 
134B. 

71 (a) Brit. Pat. 293,887 and (b) addition to 293,906, Mar. 10, 1927, to Johnson (an I. G. 
communication) ; Bril. Chem. Abat., 1928, 702B. 

71 Brit. Pat. 281,298; Chem. Age (London), 1928, 18, 104. 
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4661. A similar process 77 is applicable to carbonaceous materials containing substantial 
quantities of non-aromatic hydrocarbons such as: coal, 78 tar, mineral oil, pitch, asphalt, 
resin, bitumen or their distillation or conversion products. The process can be accelerated 
by use of catalysts such as: aluminum hydroxide, charcoal impregnated with phosphoric acid, 
magnesia containing 1 per cent of ruthenium chloride, copper oxide with iron oxide, silver 
silicate, titanic acid, oxides of beryllium, of magnesium or of calcium. The products are 
aromatic, unsaturated aliphatic, and hydroaromatic hydrocarbons; they can be used in 
high -compression internal combustion engines, as they do not cause knock. 7 ® 

4642. Among the products to which the process of Brit. Pat. 303,761, Sept. 3, 1927, 
and Feb. 25, 1928, to Johnson (an I. G. patent) is applicable are products of berginization. 
This is a cracking process, using a hydrogen halide and as catalyst an activated metal with 
aluminum chloride. 

4663. A cracking (non-hydrogenating) and synthetic process for the treatment of aliphatic 
hydrocarbons to produce olefines is described in Brit. Pat. 301,402, June 27, 1927, to Johnson 
(an I. G. communication). The process is applicable to products of berginization. The 
resulting unsaturated hydrocarbons may be polymerized to rubber-like compounds. 80 

4664. Manufacture of [Rubber-like] Hydrocarbons of High Molecular Weight. 11 Prod- 
ucts, consisting substantially of 4-carbon olefines having at least two, preferably conjugated, 
double linkings, obtained from the destructive hydrogenation of coal, oils, etc., are poly- 
merized to rubber-like compounds by treatment with metallic sodium, stannic chloride, car- 
bon dioxide, etc., or by prolonged heating. Examples of suitable materials are the fraction, 
boiling-point about 100°, from hydrogenated mineral oil; isoprene from a hydrogenated coal 
fraction, boiling-point 30°-40°, which has been passed over chromium oxide at 500°, con- 
verted into amyl chloride by hydrochloric acid, passed at reduced pressure over barium 
chloride at 400° to give /3-isoamylene, which is chlorinated and passed again over hot barium 
chloride; and butadiene prepared by cracking a hydrogenated coal fraction of boiling-point 
65°-75°. n 

4666. The production of alcohols from the gases of berginization is effected in the follow- 
ing manner. 88 The gases are cracked or dehydrogenated and the resulting olefines are con- 
verted into alcohols by absorption in sulphuric acid, followed by hydrolysis. Ez. isopropyl 
and butyl alcohols from gases of berginized coal. 84 

4665A. Hydrocarbon Derivatives Containing Oxygen or Sulphur. Difficultly con- 
densible hydrocarbon mixtures, especially those of low molecular weight up to pentane 
which may be obtained by the destructive hydrogenation of carbonaceous materials, are 
treated with gases containing oxygen or sulphur, such as carbon dioxide, steam, air or hydro- 
gen sulphide, at temperatures of 500°-800° and preferably in the presence of catalysts such 
as manganese dioxide, vanadium, molybdenum or chromium, manganese sulphide, alumina, 
active carbon or silica, elements and compounds of groups 1 and 2 of the periodic system or 
their mixtures; with or without use of pressure. Among the compounds which may be 
obtained are acetic acid and its homologs, ketones, acetaldehyde, aloohols, butadiene, buty- 
lene, propylene, thiophene, etc. 84 * 

4666. Residual Gases. 88 The residual gases of berginization evacuated from the scrub- 
bers are heated with catalysts to 450°- 1000° C. for the production of liquid hydrocarbons. 
Water-gas, producer gas or ammonia may be added. 

4666A. Gaseous hydrocarbons from the hydrogenation of coal are liquefied and fraction- 
ated to give a liquid which at 15° gives a pressure in a closed space of 10 kg. per sq. cm., and 
which is used for lighting. M- 

4667. Motor Fuel Mixtures. 88 The U9e of mixtures of berginization products, gasoline, 
methanol, benzene, etc., is proposed as fuel for internal combustion engines. 

77 Brit. Pat. 302,253, June 9, 1927, to Johnson (an I. G. communication). 

78 Sic, though it is said later that the raw material is to be a liquid or a gas. 

71 Chem. Age (London), 1929, 20, 81. 

80 Chem. Age (London), 1929, 20, 12. 

81 Brit. Pat. 298.584, June 9, 1927, to I. G. 

88 Brit. Chem. Abet., 1928, 919B. 

88 Brit. Pat. 301,000, June 18, 1927, to Johnson (an I. G. communication). 

84 Chem. Age (London), 1928, 19, 638. 

84- I. G. Farbenind. A.-G., Brit. Pat. 305.603, Oct. 6, 1927: Chem. Abet., 1929, 4802. 

88 French Pat. 639.243, Aug. 9, 1927, to Soc. intemat. dee combust, liq. 

^ Florentin and Kling, French Pat. 661,828, Jan. 25, 1928; Chem. Abet., 1930, 1204. 

88 Brit. Pat. 259,944, Oct. 19, 1925, to the I. G. Farbenind. A.-G. 
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4668. Other patent* for use of bergin-benzine are: Brit. Pat. 287,115, Nov. 9, 1925, to 
I. G. Farbenind. A.-G. Bergin-benzine in oil varnish thinnera. 287,116, same date, same 
patentee, same product in lacquers. 287,114, same date, same patentee, same product in 
soaps. 278,341, Oct. 2, 1926, same patentee, same product in motor fuels with aliphatic 
alcohols and natural benzine. The bergin-benxine is readily miscible with the lower alcohols. 
Reference is made to Brit. Pat. 259,944. 261,039, Nov. 9, 1925, to same patentee, for use as 
solvents, for dry cleaning, for dissolving rubber, for lacquers, shoo and floor polishes, 
detergents, etc. Also mixed with methanol, as fuel for internal combustion engines. 87 

4668 A. The hydrocarbons obtained by the destructive hydrogenation of coal, oil, shale, 
etc., are converted into products of higher boiling point and increased viscosity by treating 
them with halogens or compounds yielding halogen, with the addition of an element from 
groups 3-8 which is capable of existing in metallic form, or compounds of mixtures of these. 
The halogens or halogen compounds may then be removed and the products further con- 
densed. 87 * 

4668B. A paste of coal and oil is hydrogenated under conditions, e.g., at 410° and under 
200 atmospheres which result in only a partial hydrogenation of the coal with the formation 
of a liquid product which solidifies on cooling to the ordinary temperature. This is used as 
a binding agent for briquetting fuels, particularly friable semi-coke. 87 * 

Exploitation 

4669. Financial Aspects of Berginization. Late in 1927 an authoritative 
statement on the position and policies of the I. G. was published by the German 



1910 1912 1914 1916 1918 1920 1922 1924 1926 1928 

Fio. 105. — Increase in the Petroleum Requirements or the World Dubino the 

Period 1910-1928. 878 

87 Bril. Chem. Abet., 1928, 530B. Haiogenation of bergin products and the like is de- 
scribed in Brit. Pat. 301,009, June 18, 1927, to Johnson (an I. G. communication). 

87 * I. G. Farbenind. A.-G., Brit. Pat. 320,846, Appln. date, May 18, 1928; Chem. Age 
(London), 1929, 628. 

878 Imperial Chem. Ind., Ltd., and Slade, Brit. Pat. 322,194, July 31, 1928; Brit . Chem . 
Abet., 1930, 132B. 
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banking house of Schwarz, Goldschmidt and Co., which, inter alia , dealt with the 
financial aspects of berginization. It says that one may estimate the cost of an 
installation which is intended to produce 50,000 tons of coal oil per year, with the 
necessary reserves, at about 8 million marks. The cost of production per ton of 
refined oils, consisting of benzine, motor oil, lubricating oil, heating oil and 
ammonia, etc., is calculated to be about 90 marks. It will be possible to reduce 
this cost to 70-75 marks, if the power is produced under modern conditions in 
the same plant. The average value per ton would vary between 140 and 190 
marks on the basis of present prices according to the proportions in the mixture 



Fig. 106. — Various Methods Yielding Available Motor Fuels. 87 * 


of the above-mentioned oil derivatives. This is from 50 to 100 marks higher than 
the production cost. Taking the average, an installation which produces 50,000 
tons at a cost of about 80 marks per ton, and which sells the same quantity at 
160 marks, makes a gross profit of 4 million marks. 18 

4670. Gasoline Production by Berginization, 1928. The I. G. undertook to 
produce, in Germany, 100,000 tons of gasoline by berginization of lignite during 
1928. In 1929 double that quantity was expected without expansion of the plant, 
owing to improved methods. Lubricating oils have been successfully produced 
and have proved satisfactory. 89 

tlc Wilke, Brennstoff und W fXrmcwxrtechaft , 1929, Vol. 22, Wilhelm Knapp, publisher, Halle. 

88 Chem. Age (London). 1927, 17 , 435. 

89 Chem. Age, (London), 1928, 18 , 517. 
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4671 . Liquefaction of coal, using brown coal, has been highly successful at 
the Leuna plant of the I. G.*° A large plant for the treatment of anthracite 
will soon be in operation at the Mont Cenis mine. Plants are under construction 
in other countries, e.g., Hungary, and it is understood that the question of exploit- 
ing the Bergius process in South Africa is being studied. 

4672 . At Mannheim-Rheinau there was in 1926 a medium-sized pilot plant 
consisting of two units, each capable of treating 2 tons of coal in twenty-four 
hours. Two large plants had been erected in Germany. One of these is at Merse- 



Fiu. 107 . — Conversion Methods for the Transformation of Raw Fuel Material 

into Available Motor Fuels. , 0a 


burg in the heart of the lignite territory and is under the control of the dye- 
stuffs group, especially of the Badische Company. The other, belonging to the 
Gesellschaft fur Teer-Verwertung is in the Ruhr district. The estimated yearly 
output of these is 1,000,000 barrels of oil products. 

46 72 A- A method of improving the economy of operating a coke-oven plant by running 
a Bergius hydrogenation plant in co-opcration therewith has been described as follows: The 
coke-oven gas poor in hydrogen, produced in the first stages of distillation, is mixed with the 
rich gas from the hydrogenation process, and distributed as illuminating gas in long-distanco 
transmission systems. Tho gas rich in hydrogen evolved in the later stages of distillation is 
supplemented with hydrogen made by utilizing the coke, and used in the hydrogenation plant. 
A poorer gas coal is used in the coke-oven plant than in the hydrogenation plant.* 1 

4672B. It has been suggested that the waste gases from the hydrogenation process, 
together with tho vapors suspended therein, may be burnt as near as possible to the place of 
production and used as an engine fuel. The waste heat of the gases leaving the engine may 
be utilized in tho hydrogenation process. The high pressure waste gases may also be utilized 
as they leave tho apparatus in one or more machines of the turbine type. The hydrogen is 

*° Chem. Met. Eng., 1928, 36, 644. 

•"’Wilke. loc. ext. 

M Soc. Intemat. des Combustibles Liquides, French Pat. 630,328, March 5, 1927; Brit . 
Chem. Abet., 1930, 131-2B. 
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then recovered from these gases by treating them with steam under pressure, and is returned 
to the hydrogenating vessel. The carbon dioxide thereby formed may likewise be allowed to 
expand in a turbine with the production of useful work.® 1 
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Fig. 108. — Routes of Conversion of Coal to Volatile Liquid Fuels. # 2a 


Additional References to Coal Liquefaction 

4673 . Berthelot. Chemical utilization of coal. Chimie ct Industrie , Spec. No. 166, 
Apr., 1928. An address on carbonization, liquefaction and gasification of coal. 

4674 . Bruckmann. Liquefaction of coal and world economics. Petrol. Z., 1928, 34 , 
26; Mining J., 1928, 160 , 69. 94, 116; Chem. Abet., 1928. 33 , 3279. Bruckmann figures costa at 
71 marks per 1000 kg. treated, from which the products at Germ an prices conservatively yield 
141 marks or a surplus of 70 marks per 1000 kg. of coal. A plant to produce 60,000 tons 
of coal oil annually costa about 10 million marks. This means a conservative profit of 25 per 
cent on the capital cost of the plant. This would be increased for brown coal due to cheaper 
mining costa. Bruckmann suggests yearly construction of plants of 200,000 tons oil capacity. 
Thus up to 1932 construction will keep pace with the increase in demands; for a few years 
equilibrium will be established; after this importations will gradually decrease. To reach 
independence, Germany will require an investment of 500 million marks. 

4676 . Chaux. Combustible liquids from coal. Bull. soc. chim., 1928, 43 , 385. A lecturo 
reviewing the field. Bibliography of 160 references. 

4676 . Czermak. Utilization of coal. Montan. Rundschau , 1927, 9 , 283, 309, 337, 371. 
A comprehensive and, in some respects, a detailed review of modem methods of processing 
coal, including producer gas, berginization, low-temperature carbonization, synthol and 
synthin. 

M Swiss Pat. 123,928, Jan. 11, 1927, and Swiss Pat. 124,135, Jan. 6, 1927, to Giger; Brit. 
Chem. Abst. % 1930 , 405B. 

990 Wilke, loc. cit. 
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4677. Dun8ton and Shatwell. Liquid fuels other than petroleum. J. Inst. Petrol. 
Tcchn ., 1928, 14 v 64. Summary of information concerning the production of motor fuels by 
low-temperaturo carbonisation, berginixation, synthol and synthin processes. 

4678. Daugherty. Hydrogenating low-grade coal in Germany. Chem. Met., 1918, 214. 
Report by U. S. Trade Commissioner to Germany. 

4679. Dyes. Conversion of lignite and coal into liquids and oils. Chem. Ztg., 1927, 
61, 863, 873. A general discussion of the commercial situation and advantages of the various 
processes. Detailed references to patent literature. 

4680. Fieldner. Motor fuels from coal. U. 8 . Bur . Mines Inform. Circ. No. 6075, 
July, 1928. Some discussion of yields from other than berginixation processes. Description 
of Bergius process and apparatus. Estimates cost in the United States of gasoline mado by 
present process and plant as 40-50 cents per gallon at the refinery. 

4681. Florentin. Synthesis of liquid fuels. Chimie et Industrie , Spec. No. 228, Apr., 
1928. A review of the various processes especially of berginixation and Kling and Florentin’s 
results. 

4681. Furness. Synthetic motor fuels. Ind. Chemist , 1925, 1, 475. Discussion of 
several possible substitutes for natural gasoline. Furness considers synthetic methanol and 
liquid fuels produced by “some simple, catalytic gas reactions” are the most likely candi- 
dates. Seems to have ignored berginixation. 

4683. Fricke and Spiller. Hydrogenation under pressure [non-catalytic]. Ber ., 1928, 
68 , 1596. Apparatus and charts. 

4684. Graham. The conversion of coal into oil by hydrogenation. Colliery Guardian , 
1925,130, 973. Review up to 1925. 

4686. Idem. Conversion of coal into oil by treatment with hydrogen under high pres- 
sure. Iron Coal Trades Rev., Diamond Jubilee Issue 87, Dec., 1927. A review and discussion. 

4686. Graham and Skinner. The action of hydrogen on coal. J.S.C.I., 1919, 129- 
136T, a critical review of experimental coal hydrogenation with and without catalysts. The 
work on which the article is based is that dealt with in paras. 4403-6, 4433-4, 4436, 4438- 
4444, 4447 and 4501. The greater part of the paper deals with the results obtained by 
British workers on British coals. These are elaborately set out in four tables showing: 
the analysis and classification of 34 coals used, the results of hydrogenation with and without 
catalysts, and the analysis of the solid products. Graham and Skinner believe that the 
application of catalysts greatly increases the probability of making coal liquefaction a com- 
mercial success. They estimate that, in Great Britain, about 10,000,000 additional tons of 
coal per annum would thus be utilised. 

4687. Haslam and Ward. The Bergius process. Meeh. Eng., Jan., 1928, 26. An 
optimistic forecast of the commercial value of hydrogenation. Reference is made to the exten- 
sive hydrogenation plant at Mannheim using as raw material German brown coal or lignite. 
This is made into a paste with oil and treated with hydrogen at 1500 to 3000 pounds pressure. . 
The lignite is largely converted into liquid products which, when distilled, give yields reported 
as follows: Fifteen per cent motor fuel (gasoline), 20 per cent Diesel oils, 6 per cent lubricants, 

8 per oent fuel oil, and 20 per cent gas of high B.t.u. Haslam and Ward observe that this 
type of process “ possesses distinct possibilities in reworking refinery residues into motor fuel.” 

4687 A. Krauch. Catalysis applied to the conversion of hydrocarbons. National Petrol. 
News, July 24, 1929, p. 69; July 31, 72; Aug. 7, 75. 

4688. Ludecke. Synthetic benxine. Seifen. Ztg., 1928, 66, 6. 8hort summary of present 
situation of coal hydrogenation and fuel synthesis by reduction of carbon monoxide. 

4688A. Naphthall. A review of the patents and literature on the Bergius and I. G. 
processes of coal liquefaction, methanol syntheses, and hydrogenation of hydrocarbons. The 
construction and heating of high-pressure reaction vessels are also reviewed, as well as recent 
progress in hydrogenation of petroleum. Gets Wasserfach , 1929, 71, 1178-84; Chem. AbsL, 
1930, 442. 

4688B. Nash. A review of the present status of the production of synthetic fuels. Fuel 
Economy Review , July 1, 1929. 

4689. Nathan. Fuel for internal-combustion engines. J.8.C.I., 1927, 46, 21 IT. An 
elaborate review of the actual and potential sources. Low-temperature carbonisation 
berginixation and water-gas synthesis regarded as likely soon to become important sources of 
liquid fuel supply. 

4690. Passager. Notes on the (continuous) Bergius process. Chimie et industrie, Spec. 
No., 309, May, 1927. Brief general review and records of Passager’ s experiments in contin- 
uous berginixation of coking coal, coal tar, etc., in general, confirmatory of other workers' 
results. Cf. para. 4806. 
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4691 . Schuster. Bergiua process for the liquefaction of coal Sparwirlscha/l, 1925, 9 , 
157; Chem. Abet., 1926, 10, 2573. Description (brief) of apparatus, operation and results of 
commercial berginiiation. 

4691 . Substitute motor fuels, a study of hydrogenation processes from the economic 
standpoint. La Rev. Petrol ., Feb. 8, 1930, p. 210. This paper states that one ton of coal 
treated 

(1) by the Bcrgius process yields 150 kg. of gasoline, 200 kg. of Diesel or impregnating 

oil, 80 kg. of fuel oil, 60 kg. of lubricating oil. 

(2) by the Patart, B.A.S.F., or Fischer and Tropsch method, 400-600 kg. of methanol, 

200-600 kg. of liquid hydrocarbons. 

(3) by recovery of the gases from coke manufacture, 5-10 kg. of benxol, 5 kg. of ethyl 

alcohol, 5-7 kg. of methyl alcohol. 

The Fischer process at the ordinary temperature requires very large plant. The apparatus 
for the production of synthetic methanol if much less cumbersome is not less costly. 



CHAPTER XL VI I 


HYDROGENATION OF COAL AND RELATED HYDROCARBONS 

IV. 

Other Processes for Hydrogenation of Coal and Coal Tars 1 

4700. In thia era of enormous consumption of liquid fuels the development of hydro- 
genation processes for the conversion of coal into utilizable liquid fuels and the treatment of 
natural liquid fuels, that is, crude petroleum oil and shale oil, by hydrogen under various 
conditions to modify the properties of liquid hydrocarbons is making astonishing strides. 
The internal combustion motor of the automobile type, viewed collectively, consumes a tre- 
mendous amount of volatile liquid fuel. The public demand has grown for fuels of this 
character having improved anti-knock characteristics. Engines of higher compression are 
being adopted. This in turn results in greater economy in fuel. As a means of conserving 
the fuel supplies of the world the tendency in the direction of increased compression is a 
desirable and perhaps important one. The so-called anti-knock gasoline with which the 
public is thoroughly familiar, and demands even to the extent of paying a somewhat higher 
price for it, instead of the detonating type of gasoline previously used, has become an estab- 
lished commodity. 

From the hydrogenation of coal, liquid fuels of excellent anti-knock characteristics can be 
obtained. While at tho present time the cost of making such anti-knock fuels is greater than 
in the case of the usual methods of production of anti-knock gasoline from petroleum oils, the 
fact that such products can be obtained is comforting to those who keep in mind the welfare 
of future generations. Moreover, from heavy petroleum oils hydrogenolysis permits the 
production of fuels whose anti-knock value is extraordinarily high, not infrequently exceeding 
bensol in this respect. 

Another development which is making rapid progress is tho light-weight Diesel engine. 
Engines of this kind have been used successfully in airplanes as well as in trucks, buses and 
other vehicles of land travel. The Diesel engine operates best on a fuel which is of the 
detonating type. The versatility of the hydrogenation process is shown by the ability to 
obtain with it on tho one hand a detonating fuel especially adapted for tho Diosel engine, and 
on the other hand an anti-knock fuel highly appropriate for tho ordinary automobile motor. 
With such a prospect confronting the inventive world it can bo readily understood that tho 
imagination of investigators and inventors everywhere has been stirred to unusual activity, 
resulting in a tremendous number of proposals, patents, plant lay-outs and mixed fuel products 
of various kinds. It is impossible in this volume to enter into detailed discussion of many 
of these, but effort has been made to present at least in very brief form some reference to most 
of this work. The present chapter includes a variety of such proposals. 

4700A. The Brutzkus Method. 2 The equation of van’t Hoff, dlnK/dT = Q/RT *, is 
expressed as follows: “Any chemical reaction can be directed and accelerated in a certain 
direction by continuous and simultaneous external variations in pressure, temperature and 
concentration, acting in a direction contrary to that of the corresponding variations caused 
by the desired reaction.” Brutzkus suggests that the desired variations in pressure, tempera- 
ture and concentration can easily be obtained by operating in a compressor constructed and 
operated substantially as a Diesel engine. The application of such a method for cracking or 
hydrogenation under various conditions (exothermic and endothermic reactions) , for the treat- 

1 Some overlap is inevitable between the field covered in this chapter and that dealt with 
in Chapter XLIX. 

1 Chimie et Industrie, 1925, 14, 171 and 358; Chan . Abet., 1926, 20, 102. 
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ment of petroleum, tar oils, turpentine, fats, sugars and molasses, cellulose compounds, and 
coal and for the synthesis of light oil from carbon monoxide, carbon dioxide and hydrogen 
is discussed, and compared with corresponding processes at present in use or proposed. 

4701. Bianchi and Guardabassi 2 describe a more than unusual process and apparatus 
for the “ cracking, catalyzing, and hydrogenation of carbonaceous materials.” The raw mate- 
rials may be mineral grease, oils, tar, naphtha, ground coal, etc. The material is passed 
continuously through a heated retort in the presence of catalysts. Revolving agitators 
produce a dust through which the reducing gases pass and on which they act. They then 
pass through a screen of chains, which may be coated with catalyst and may be shaken. 

4703. The following description from Bianchi and Guardabassi's earlier patent 4 is more 
detailed: An apparatus for treating oils, tar, naphtha, schists, ground coal and like mate- 
rials at atmospheric pressure comprises a series of heated troughs provided with agitators 
for agitating material passing through the troughs; the latter are also provided with reticu- 
lated screens from which chains depend which may be vibrated by the revolving agitators. 
The chains and other parts of the apparatus contacting with the vapors may be coated with 
a catalyst such as reduced nickel, magnesia, iron oxide, copper oxide or other suitable metal 
oxide mixed with silicate jelly or nickel oxide or nitrate or powdered glass may be incorporated 
with a suitable varnish or thin gummy substance. Various other structural details are 
described. The process is particularly adapted for carrying out the process described in 
paragraph 4701, in which the chains serve to retain in the reaction chamber dust and carbon 
formed by decomposition of vapors of the carbonaceous materials under treatment, and 
hydrogen may be used for hydrogenating with nickel as a catalyst or removal of hydrogen 
may be effected by a catalyst such as magnesia or iron oxide. 6 

4703. Partial Conversion of Coal into Light Hydrocarbons. Finely pulverized coal is 
conveyed, suspended in a current of gas, e.g., steam, hydrogen, or coal gas, through a distilling 
apparatus heated to a suitable temperature. 6 

4704. Joiicard 7 states that aromatic hydrocarbons are produced when coal is troatod at 
400° C. with nascent hydrogen in a furnace, which is not heated externally. The hydrogen 
may be produced for oxample by introducing a mixture of superheated steam and air at 
600° C.; or carbon monoxide (producer-gas, water-gas) at 600° C. may be used in place of 
all or part of the air. A gaseous catalyst, such as chlorine or hydrochloric acid, may bo intro- 
duced, or a solid catalyst, such as copper or nickel, may bo deposited on the coal. 

4704A* Fohlen 7 * describes a process of destructive hydrogenation, whereby light hydro- 
carbons are obtained from natural or industrial fuels and carbonaceous materials by simul- 
taneous cracking and treatment with nascent hydrogen under pressures from 5 atmospheres 
to super-pressures and at temperatures from 200° C. to 1000° C. The nascent hydrogen is 
produced by the decomposition of hydrogen-containing bodies. In an example, water is used 
as the source of hydrogen ; shale oil distilling from 260° C. upwards is stirred with an aqueous 
solution of metal halides, iron filings and copper or brass shavings for 4 hours at 300°-400° C. 
and 120-180 atmospheres pressure. The product yields 50 per cent of light oil of density 
0.850 distilling below 200° C. and 42 per cent of oil of density 0.870 distilling between 200° C. 
and 300° C. Similar results are obtained by the use of temperatures of 500°-600° and pres- 
sures of 20-30 atmospheres. 

4706. Hydrocarbons from Brown Coal. 8 Hydrogen, obtained by passing steam over 
heated iron turnings, is passed through a vertical retort containing brown coal or similar 
material. The products are passed directly through a filtering tower to condensers and gas 
storage or may be passed through a retort containing moro iron turnings. In the latter case 
from 25 kg. of brown coal, 20 kg. of heavy benzine, 0.5 kg. of carbon, and 5 cu. m. of gas can 
be obtained. If the treatment of tho mixed vapors with iron turnings be omitted, 10 kg. of 
heavy benzine, 15 cu. m. of gas, and 3 kg. of carbon residue are obtained. 9 

4706. Bates 10 describes a process and apparatus for making, from a mixture of coal and 
liquid hydrocarbon, a product suitable for use as fuel in semi-Diesel engines. Finely divided 

•Brit. Pat. 278,041, May 27, 1926; Chem. Age (London), 1927; 17, 418. 

4 Brit. Pat. 277,404, June 8, 1926. 

1 Chem. Abet., 1928, 23, 2654. 

1 French Pat. 591,958, Mar. 11, 1924, to Comp, des Mines de Vicoigne, etc. 

7 French Pat. 475.433, Feb. 17, 1914; J.S.C.I.. 1916, 36. 

7 Brit. Pat. 313,963, June 20, 1928; Univ. Oil Prod. Co. t Bulletin. 

8 Brit. Pat. 214,940, Aug. 24, 1923, to Linnmann. 

1 Brit. Chem. Ab$t. t 1034, 778B. 

18 Brit. Pat. 281,240, Oct. 31, 1927, 
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coal is mixed with a liquid hydrocarbon and subjected to intensive attrition in the presence 
of hydrogen. The temperature is maintained above the normal but below 300°; the pressure 
is not allowed to rise above 10 atmospheres. The heat required may be partially or wholly 
generated by the friction of the grinding mechanism. 11 

4707 . Coal and Oil : Exchange Hydrogenation. Laxnplough and Hodgson 11 describe a 
process which seems to depend on a dehydrogenation of a mineral oil with hydrogenation 
of coal. From 10 to 50 per cent by weight of finely divided coal is mixed with a heavy min- 
eral oil in such a manner that a stable dispersion of coal in oil is formed. The suspension so 
formed is subjected to high temperature (500°-600°) and pressure (100-600 lb./in.*), and 
the liquid fractionally distilled. The oil is apparently dehydrogenated by the coal, and the 
process may be carried to such an extent that the coal, with the exception of the ash, goes 
almost completely into the liquid state. The heaviest distilled fractions may be used as a 
binder in the manufacture of briquettes. Fractional condensation of the oil vapors may be 
effected and the distillation vapors may be hydrogenated and redistilled for spirit. 11 

4708 . Liquefaction of Coal without Added Hydrogen. Herbst 14 states that when lignite is 
heated with tar, the tar is cracked and used up. It appears possible to produce gases and 
gasoline by heating together low-temperature tar and lignite coke. 

4709 . Powdered Coal: Distillation with Hydrogenation. Gaertner 16 injects powdered 
coal into a coking retort by use of combustion gases. Hydrogen or water-gas may be intro- 
duced into the retort and a finely divided metal catalyst may be used. 

4710 . Metallic Hydrides as Hydrogen Carriers. One process 14 combines distillation and 
hydrogenation in an unusual fashion. The solid raw material is maintained in suspension 
in a stream of hot gas. This hot gas may be a reducing gas or (1) hydrogen, or (2) a sub- 
stance yielding hydrogen, may be introduced into it. Among the substances named in 
class (2) are: calcium hydride, sodium hydride, formic acid and steam. 

4711 . Hugel, Paul and Boiahel 17 also use hydrides of alkali and alkaline earth metals 
in the hydrogenation of coal and petroleum hydrocarbons at temperaturee below 300° C. 
and at pressures of about 100 atmospheres. The process is said to be immune to poisoning. 14 

4719 . High-frequency Field in Hydrogenation of Coal. Uhlmann lf subjects a pulp of 
coal and water to the action of a high-frequency field. Hydrogen is supplied by an external 
source or by decomposition of the water. 

4713 . Process of Liquefying Carbon [Coal]. Liquids suitable for making fuels and 
lubricating oils are obtained from coal, lignite, or like solids by heating at atmospheric or 
higher pressure in a protective atmosphere with metal catalysts having melting-points lower 
than the reaction temperature. Water, mineral oils, tar oils, or other oils may be added 
to the coal, etc., and the mixture sprayed or atomised by hydrogen, methane, steam, or 
other hydrogen-containing gases into a vessel containing tin or tin alloys and preferably 
tin-lined. A temperature of 300°-600° is suitable. The operation may also be effected by 
heating a charge of coal and metal catalyst for several hours in a vessel filled with protective 
gas under pressure.* 0 

4714 . In a later method Melamid 11 prepares liquid products from coal, oils, tars, etc., by 
spraying the material mixed with a catalyst (e.g., finely divided metal, alloy or oxide) into 
a heated retort under pressure by means of a current of hydrogen or of hydrogen-containing 
gases. 

4710 . Trautmann ** treats the desulphurized vapors from coal distillation with hydro- 
genating gas in the presence of zinc, nickel, or tin in the form of powder or vapor . Superheated 
steam, water-gas, carbon monoxide, hydrogen, etc., may be added to promote hydrogenation. 

11 Chem. Abat ., 1928, 3517. 

11 Brit. Pat. 277,419, 1926. 

11 Brit. Chem. Abat., Dec. 7, 1927, 899B. 

14 Petroleum Z., 1926, 22, 947; Chem. Abat., 1927, 21 , 2378. 

11 Brit. Pat. 281,110, Dec. 29. 1926. 

14 Brit. Pat. 291,481, Jan. 20, 1927, to Haddon (from Kohlenveredlung A.-G.). 

17 Brit. Pat. 286,206, Feb. 28, 1927. 

14 Chem. Aye (London), 18 , 104 and 19 , 627. 

14 Brit. Pat. 283,177, Jan. 6, 1927; Chem. Age (London), 1928, 18, 225. 

10 Brit. Pat. 235,828, Sept. 5, 1925, to Melamid; Brit. Chem. Abat., 1925 , 700B. 

41 Brit. Pat. 285.879, Feb. 24, 1927; Chem. Abat., 1929, 23 , 264. Cf. paras. 5034 and 5035. 

** Brit. Pat. 272,526, convention date, June 11, 1926; Chem. Age (London), 1927, 17, 173. 
Cf. para. 5015. 
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4716. Hydrogenation in the Arc. Coala, tar, mineral oils in fine division or vaporised 
are treated in the electric arc with water vapor in quantity less than half that necessary to 
produce water-gas. In this way from hard coal about 60 liters of acetylene is obtained 
per kilogram of coal. If the starting material is liquid the water vapor may be replaced by 
hydrogen, nitrogen, carbon dioxide or carbon monoxide. The materials are preferably 
preheated to a temperature short of decomposition.** 

4716 A. Granular materials are heated by electrical resistance or arc heating while gases 
are forced through them to effect continuous agitation. Gaseous and low-boiling point 
olefins and diolefins are obtained from granular electrical conducting materials (such as coal 
which may be treated with gases such as hydrogen or tar or oil vapors) .**• 

4717. Hydrogenation in arc under Liquid. Hansen 14 describee a process for the hydro- 
genation of hydrocarbons or coals by subjecting them to the action of an arc (or sparks from 
condenser discharge) the electrodes being immersed in a solvent for the products. One 
electrode may be of nickel and provided with a quartz sleeve for the passage of hydrogen. 

4718. Hansen also treats coal and hydrocarbons with atomic hydrogen obtained by 
dissociating hydrogen by the arc or spark discharge. The process is exemplified in the 
treatment of naphthalene in the vapor phase.** 

4718 A. Carboniferous material (e.g. % coal) is hydrogenated with “ nascent ” hydrogen 
to produce liquid hydrocarbons. The material is kept within the temperature range at which 
the desired hydrocarbons are stable, in the region of the origin of the “ nascent ” hydrogen.*** 

4719. Feige's process comprises the combination of certain steps, vis., (1) coal is distilled; 
(2) part of the coke produced is burned to generate electricity for electrolysis of water; (3) the 
oxygen so produced gasifies the rest of the coke; (4) the gases so formed are hydrogenated 
by the electrolytic hydrogen, together with the tar and gaseous products of the original dis- 
tillation.** 

4710. Unstable hydrogenated organic compounds, or those readily hydrogenated, have 
been proposed as hydrogen carriers.* 7 Inorganic compounds, e.g., alkaline ferric oxide, or 
• # lux," which catalyze the reaction may also be added. The readily oxidizable organic 
hydrogenated compounds are prepared as follows. Anthracene and solid potassium hydrox- 
ide are heated with hydrogen under pressure. At about 400° an active product is formed as 
a crystalline paste, which, on being distilled until the appearance of yellow fumes, yields 
80-85 per cent of a hydrogenated anthracene. This product acts as a hydrogen carrier when 
heated with a “flaming” coal under 100 atmospheres pressure at 390° for ten minutes. The 
pressure falls and on cooling to 15° reaches a final value of 65 atmospheres. The yield is about 
the same as after heating for one hour, but the product with the shorter reaction time is of 
better quality and possesses a lower density and a smaller phenol content.* 8 

4710A. Coal is liquefied by heating under pressure of hydrogen with the addition of an 
alkaline oxide of iron consisting of oxide of iron 75-60 and sodium hydroxide 25-40 parts, and 
a small quantity of an alkaline earth carbonate.* 8 * 

4711. Interchange Hydrogenation of Bituminous Distillates.* 9 Products of the distil- 
lation of bituminous material, poor in hydrogen, are mixed with heavy petroleum distillate 
rich in hydrogen. On cracking the mixture, with or without a catalyst (such as aluminum or 
magnesium), the hydrogen is distributed evenly between the products, with the formation 
of low-boiling hydrocarbons.* 0 

4711. Almost the same is the following: 81 The mixture of tar, asphaltum, etc., is cracked 
by heat in the presence of hydrocarbons rich in hydrogen so that the greater part of the 

** Brit. Pat. 286,825, Jan. 3, 1927, to Johnson (an I. G. patent); Chem. Age (London), 
1928, 18, 346. 

**• I. G. Farbenind. A.-G., Brit. Pat. 313,756, June 23, 1928; Chem. Abet., 1930, 1204. 
See also Brit. Pat. 268,599. 

* 4 Brit. Pat. 284,655, Feb. 2. 1927; Chem . Age (London), 1928, 18, 327. 

** Brit. Pat. 284,224, Jan. 24. 1927; Chem. Age (London), 1928, 18, 305. 

**• Hansen, Swiss Pat. 132.904, Jan. 24, 1927; Chem. Abet., 1930, 489. 

** French Pat. 636,609, June 27, 1927. 

97 French Pat. 618,490 of July 5, 1925 to Soci6t£ Internationale dos Combustibles Liquides. 

* 8 Brit. Chem. Abet ., 1918, 117B. Cf. para. 4660. 

* 8 * Soc. Internationale dee Combustibles Liquides, Deutsche Bergin A.-G., fur Kohle 
und Erddlchemie, French Pat. 667,993, Jan. 25, 1929; Chem. Abet., 1930, 1494. 

89 Brit. Pat. 265,375, Feb. 3, 1926, to Braunkohlen-Produkte A.-G., Bube and Erlenbach. 

80 Brit. Chem. Abet., 1927, 245B. 

81 Ger. Pat. 432, 854, Feb. 1, 1924, to Braunkohlen-Produkte A.-G. 
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mixture consists of tar. The vapors of the mixture arc heated in the presence of a metallic 
contact mass, preferably of aluminum, magnesium, or alloys rich in these metals. This results 
in an interchange of hydrogen equalizing the distribution of this element.** 

4723. Desulphurization and Hydrogenation of Lignite Tar Oils. Numerous methods for 
the removal of sulphur compounds from lignite tar benzine wore tried by Fiirth and Jaenicke. 
The non-success of methods used for the desulphurizing of mineral oils indicates that some of 
the sulphur compounds in lignite tar benzine are of a more stable nature, e.g. t ring compounds, 
but attempts to separate thiophene were unsuccessful. Hydrogenation of lignite tar benzine 
containing different amounts of sulphur was carried out over finely divided nickel. In all 
cases the catalyst was gradually rendered inactive by the formation of a surface layer of nickel 
sulphide. By heating in oxygen and subsequent reduction the activity was regained. When 
nickel oxide was used, reduction to nickel and poisoning of the latter occurred simultaneously. 
The cost of purifying lignite tar benzine containing appreciable amounts of sulphur and 
unsaturated hydrocarbons sufficiently to render it available for use as a motor fuel is pro- 
hibitive.” 

4724. Hydrogenation of Aromatic and Coal-tar Hydrocarbons in Presence of Ferrous 
Oxide. Ramage u brings vapors of hydrocarbons of the benzene series mixed with vapors 
of non-aromatic hydrocarbons (e.g., mixed hydrocarbons from coal tar) together with steam at 
650° C. in contact with ferrous oxide to produce a light fuel suitable for use in explosion 
engines.** 

4724A. A process, applicable to gas-oil, brown coal tar and similar products, which is a 
berginization with ferrous chloride as catalyst, is described by Terrisse and Dufour.* 4 

4724B. Fohlen **• describes a process which consists essentially in cracking the raw 
material (coal, lignite, shale, tar, etc.), with addition of a catalyst (chiefly metallic chlorides) 
if desired, immediately purifying and desulphurizing the hot gases by passing over reduced 
metals of the same nature as used for the hydrogenation, and finally mixing with hydrogen 
and passing over a catalyst. The purifiers and desulphurizers are practically identical with 
the catalyst and may be considered as catalysts which are purposely " poisoned " to protect 
the catalyst proper; they generally work at a somewhat higher temperature (300°-250°) 
than the latter (250°-170°). 

4725. Hydrocarbons and [Coal-tar] Phenols.* 7 Aromatic hydrocarbons and phenols, 
contained in coal-tar fractions, are converted to lower homologs in the following manner: 
The vapors, with more than twice their volume of steam, are passed at 300°-500° C., or 
higher, over catalysts possessing both hydrogenating and dehydrogenating properties, e.g., 
nickel, cobalt, iron, copper, compounds of alkali, of alkaline earth or of earth metals, zinc 
and its compounds, and the difficultly reducible oxides of metals of Groups IV to VII, such as: 
titanium, vanadium, chromium and manganese. 

4726 A. Macnicol * 7 * has proposed to distil finely divided peat and the like, and heat the 
vapors under pressure with hydrogen, steam or water gas in presence of a catalyst. No 
specific catalyst is mentioned. 

4726. Hydrogenation of Refined Tar-Hydrocarbons. 38 A Badische Co. process deals 
mainly with the refining of tar with steam and alkali, but the resulting hydrocarbons may 
be further improved by hydrogenation.* 9 The tar is distilled with superheated steam over 
caustic soda or lime. Tho vapors are then passed with hydrogen over finely divided nickel, 
copper or iron at 100°-110° C. 

4726A. Coal, tar or heavy oils are mixed with 5 to 25 per cent of lime or alumina and 
heated to about 1000° C. After this operation steam is passed through the hot coke and the 
combined mixture of gases, after purification, is hydrogenated at a pressure of 2 to 5 kg. per 
sq. cm. in presence of a catalyst.* 9 * 

** Bril. Chem. Abet., 1927, 182B. 

•* Z. angew. Chem., 1925, 38, 166. 

* 4 U. S. Pat. 1,439,976, Dec. 26, 1922; Chem. Abat., 1923, 17, 1131. 

** For other uses of forrous oxide in hydrogenation seo U. S. Pat. 1,430,585, Oct. 3, 1922; 
also to Ramage; Chem. Abat., 1922, 16, 3903; and U. S. Pat. 1,687,890. 

*• Brit. Pat. 305,981, Feb. 13, 1928, to Terrisse and Dufour. 

**• Chimie & induatrie, 1929, 21, 1141; Chem. Abat., 1929, 4553. 

17 Brit. Pat. 277,394. Mar. 13, 1926, to I. G. Farbenind. A.-G. 

* 7 * Brit. Pat., 10,679, July 22, 1915. 

94 Brit. Pat. 249,309, Mar. 9, 1925. 

* Chem. Age (London), 1926, 14, 358, 419. 

*•• Andry-Bourgeois, French Pat., 564,148, March 21, 1923. 
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4727. Treatment of Low- temperature Tar from Lignite. 40 Part of this process applies to 
the hydrogenation of the light oils, in presence of a desulphurizing agent, to produco motor 
fuels. 

4728. Hydrogenating Tar Oils. Dehydrated tar oil, suitably desulphurized, is hydro- 
genated at ordinary pressure by heating in shallow pans and bubbling in, in the presence of 
a suitable catalyst, coke-oven gas, which must necessarily be dry. 41 A colloidal nickel 
catalyst may be used and the product may be deodorized and decolorized by treatment with 
superheated steam. 

4729. According to Marchand such mixtures as tar and heavy oils with coke, sawdust, 
etc., briquetted, distilled at 200°-800° C. yield products which may, after cracking, be hydro- 
genated by passing through coke and iron turnings, accompanied by hydrogen generated by 
allowing water to fall on heated surf aces. 4 * 

4730. The production of gases rich in olefines is effected by passing powdered or granular 
bituminous coal very quickly through a chamber at red heat and quickly separating the result- 
ing gas from the carbon. This process also can be applied to tar oils, mineral oils, and their 
distillation residues, asphalts, and residues obtained by destructive hydrogenation of coal. 4 * 

4731. Coke-oven Gas : Improvement of Caloric Value. 44 Schonfelder, Riese and Klempt 
have been able to raise the caloric value of coke-oven gas by an internal hydrogenation. The 
gas is passed successively over catalytic material at 700° comprising nickel precipitated 
on magnesite to destroy organic sulphur compounds and to break down heavy hydrocarbons, 
and, after removal of hydrogen sulphide, over pieces of clay containing reduced nickel at 
420° to reduce carbon monoxide and carbon dioxide to methane and water by means of the 
hydrogen in the gas. The calorific value is raised, e.g., from 4136 to 5328 thermal units. 41 

4731A. Hydrocarbon vapors from low-temperature distillation of coal are heated with 
hydrogen to produce gases of high calorific value and hydrocarbons of lower boiling point 
than the original hydrocarbons. Water-gas (or gas obtained by the high-temperature dis- 
tillation of the coke obtained, with or without steaming, mixed with a gas containing hydro- 
gen) is passed through coal heated to 600°-650° and the mixture of gases and vapors is passed 
to a cracking chamber, which may contain a catalyst, heated to about 750°, without inter- 
mediate cooling. The treated gases are then passed through a condenser, scrubber and 
purifying box. 4 ** 

4732. Preactivation of Hydrogen. One of the Prud’homme Company's patents describes 
production of petroleum and similar fuels by hydrogenation of the vapors obtained by distil- 
lation of materials such as lignite, peat, shales, tars, heavy oils, etc., in a chamber containing 
no catalyst. The hydrogen is rendered active by treatment with a catalyst in a separate 
chamber, fouling of the catalyst being thus avoided. 4 * 

40 French Pat. 596,143, July 3, 1924, to S. A. Hydrocarbures et D6riv6s. 

41 Brit. Pat. 236,230, June 26, 1925, to Demann; Brit. Chem. Abat., 1926, 973B. U. S. Pat. 
1.G91.221, Nov. 13, 1928, to Bernhard and Demann. 

41 Brit. Pat. 275,642, Aug. 5, 1926, by Marchand. 

41 1. G. Farbenind. A.-G., Brit. Pat. 320,211, Sept. 14, 1928; addn. to 301.775; Chem. 
Aoe (London), 1929, 532. 

44 Ber. Gas. KohUmtechn ., 1927, 2, 250. 

41 Brit. Chem. Abat., 1928, 8U3B. 

46 * South Metropolitan Gas Co., Evans and Stanicr, Brit. Patent 306,435, Nov. 19, 1927; 
Chem. Abat., 1929, 5033. 

44 Brit. Chem. Abat., 1928, 438B; Brit. Pat. 275,585, July 12, 1927. 



CHAPTER XLVIII 


HYDROGENOLYSIS OF MINERAL OILS (I) 

4800 . In the preceding chapters mainly directed to the subject of hydro- 
genation of coal frequent reference has been made to the analogous hydrogena- 
tion of waxes, tar oils and certain other hydrocarbon oils, since much of the 
experimental work directed primarily to the conversion of coal has been com- 
pared with the results obtainable in the hydrogenation of normally liquid prod- 
ucts. It has been difficult, therefore, in dealing with coal and mineral oil from 
this standpoint to follow a strict classification, hence Chapters XLVIII to L 
should be examined in conjunction with the four chapters preceding. 

4801 . The year 1912 was an active one with respect to pioneer work in the 
field of high-pressure treatment of mineral oils with hydrogen. Teodorin, 1 * * 
completing in 1911 an important research on this subject, undoubtedly was 
responsible for the instigation and stimulation of work by others in the same 
field. Teodorin used the classical hydrogenating catalysts on petroleum oils 
together with hydrogen pressures ranging in the neighborhood of 50 atmospheres 
and higher. He did not find nickel a suitable catalyst and attributes its lack of 
sustained activity to the poisoning action of sulphur compounds. With iron as a 
catalyst the results were more favorable, especially at pressures of several hun- 
dred atmospheres and at temperatures above 400° C. Teodorin’s researches 
were carried out at the Konigliche Technische Hochschule in Berlin and were 
published in 1912. This work was followed by that of Bergius * who studied 
the transformations of heavy mineral oils into low-boiling products by treatment 
with hydrogen without a catalyst, using a temperature of 400° C. and a pressure 
of about 100 atmospheres. 

4802 . Thereafter with numerous investigators entering the field, experimental 
work on the behavior of petroleum oils, heated under high pressure with and 
without hydrogen, expanded notably; various phases of hydrocarbon alteration 
which previously had received little or no attention at the hands of technologists 
becoming the subject of scrutiny. Snelling, 5 for example, carried out tests on 
heating oils in an autoclave at a pressure of 600 to 800 lbs. per square inch. A 
process described in Oildam (December, 1914) called for pressures up to 1000 lbs. 
and the use of a catalyst of finely divided nickel. 


1 Studies on Rumanian Crude Oil Products, Dissertation, Berlin, 1912. 

*Z. anonr. Chem 1921, $ 4 , 341; Brit. Chem. Absi. % 1911 , 570A. 

* Brit. Pat. 18,419, Aug. 7, 1914; Chem. Abet ., 1916 , 388. 

564 



HYDROGENOLYSIS OF MINERAL OILS 


565 


4802A. The oil vapors are passed through a chamber, containing a finely divided catalyst, 
such as asbestos, coated with nickel, on their way to the condenser. The heavy hydro- 
carbon is first purified from asphalt, sulphur, and other catalyst poisons, and is passed from 
the store-tank, together with hydrogen from a reservoir, along a pipe, where it mixes with 
nickel from a shot-flask device, entering the still through a rose. The still is fitted with an 
agitator. The distillation is effected at about 300° C. and under a pressure of 5-1000 lb. per 
sq. in. regulated by a weighted valve. The gases which escape from the condenser are 
burnt under the still, or, if rich in hydrogen, are readmitted to the still. The nickel is regen- 
erated when necessary by washing it with benzol, calcining to oxide, converting into citrate 
or formate, and reducing with hydrogen at 320° to 350° C. Instead of providing the cracking- 
still with a large exposed upper surface, a reflux condenser may be used. 

4802 B. Planes Limited 4 produce saturated lighter hydrocarbons from heavier oil accord- 
ing to the following method : 

The heavier oil together with nickel catalyzer and hydrogen or hydrogen-containing gas 
are run into a tall cracking-still, the latter being provided with a stirring device. As the 
temperature rises pressure is developed to the desired point when it is relieved by a weighted 
valve into an expansion chamber. This chamber is fitted with shelves on which are placed 
catalytic material. The vapors from the still pass through this chamber together with water 
gas and are saturated. They are then condensed. Oil, catalysor and hydrogen are contin- 
uously passed into the still until the residues are too heavy to be further cracked, when they 
are removed and the catalyser recovered. The waste gases may be returned to the still 
provided they are rich in hydrogen. 

4803. Hydrogenation Contrasted with Treatment under Nitrogen Pressure. 

The reality of the hydrogen function in berginization of mineral oils is brought 
out in ShatwelTs work on Norfolk shale oil.* The results of working in an atmos- 
phere of hydrogen are contrasted with those obtained in nitrogen. The raw 
material had a density of 0.9850, was highly unsaturated (iodine value, Wijs, 882) 
andhadahighsulphurcontent,6.82percent. The final pressure fell with hydrogen, 
rose with nitrogen. The hydrogen product was much the lighter, sp. gr. = 0.9463; 
the nitrogen product (sp.gr. = 0.9712) was almost as dense as the original material. 
The immediate loss with hydrogen was 10 per cent, with nitrogen 14 per cent. 
The refining loss with hydrogen was 35.4 per cent on the gasoline, and 24.7 per 
cent on the kerosene. Of course all these figures for “ losses ” represent, in part 
at least, recoverable products such as hydrocarbon gases, phenols, acidic and 
basic substances. Hydrogenation greatly increased the yield of low-boiling 
fractions, i.e., from 6 per cent to 22.3 per cent for end-point 175° C. The sulphur 
content was reduced. 

4804. Shatwell 6 reporta analogous work on a gas-oil. Gas-oil having sp. gr. 0.8500, loss to 
sulphuric acid 10 per cent, iodine value 69.2, distillation range 230°-300°, waa heated with 
hydrogen for six hours at 400°-415° (pressure 103-116 atmospheres) , for four hours at about 
4 00° -4 30° (pressure 110-142 atmospheres), with nitrogen for three hours at 386°-410° 
(pressure 116-155 atmospheres), and with hydrogen, first for one hour at 410° (pressure 107- 
108 atmospheres), and then, after cooling and replacing the gases by fresh hydrogen, for four 
hours at 403°-420° (pressure 118-130 atmospheres). The products were dark red, mobile 
liquids possessing the characteristic odor of cracked spirit, that obtained by heating with 
nitrogen being darkest in color and quite opaque. On distillation, the products yielded 
respectively, 44 per cent, 47 per cent, 38 per cent, and 48.8 per cent of gasoline fractions of 
boiling-point up to 175°, which on refining by successive agitation with sulphuric acid, alkali, 
and water, yielded colorless products. The refined gasoline from the hydrogenated products 
had a sweet odor, and retained its color after standing for sixteen months, that obtained from 
the oil heated with hydrogen in two stages being the best, but the gasoline from the oil heated 

4 Brit. Pat. 5.245, Apr. 1, 1914. 

1 J. Inst. Petrol. Tech ., 1925. 11, 548. 

•/. Inst. Petrol Tcch. % 1924, 10, 903; Brit. Chcm . Absl, 1015, 21B. 
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with nitrogen had a “cracked ” odor and its color deteriorated on standing. In hydrogenating 
oils, hydrogen concentration appears to bo a more important factor than the use of excessively 
high pressures. 

4805. Mott and Duns tan heated gas-oil to 405°-420° for two and threo-quarter hours 
under pressures to a maximum of 105-135 atmospheres, in the presence of hydrogen, nitro- 
gen and steam respectively, the hydrogen and nitrogen being charged into the apparatus 
under a pressure of 22 atmospheres in the cold. The liquid product obtained when hydro- 
gen was used, was superior in color and clearness, and in the absence of gumming con- 
stituents, to that obtained with nitrogen; on the other hand, analysis showed that the 
presence of hydrogen did not lead to hydrogenation of the liquid and did not even check 
dehydrogenation. About one-half of the hydrogen was fixed, but the hydrogenated products 
were gaseous. 7 

4805A. These results of Mott and Duns tan appear to be in contradiction with those of 
other workers. Shatwell, 8 9 however, points out that the low final hydrogen pressure renders 
these experiments inconclusive. 

4806. Gas-Oils Hydrogenated at Higher Pressures. Passager • conducted 
experiments at pressures considerably higher than those used by Bergius. 
A gas-oil hydrogenated at 400° C. (752° F.) before treatment contained 34 
per cent of constituents boiling at temperatures up to 300° C. (572° F.); after 
treatment such constituents formed 78 per cent of the oil. With a Pechelbronn 
crude oil residuum the percentage was raised from 22 to 42.3 per cent. When 
temperature and hydrogen content are kept constant, at temperatures of 400° to 
470° C. (752°-878° F.), 200 atmospheres is the pressure at which the highest 
yield of easily liquefiable products is obtained. If pressure and temperature are 
kept constant, considerably higher yields of benzine-like derivatives are pro- 
duced with the aid of hydrogenation than without. Fractions of ordinary gas- 
oil going over below 300° C., 16.8 per cent; with pressure and temperature kept 
constant, 39 per cent; pressure and temperature constant, with hydrogenation, 
56 per cent. 

4806A. Griffith 8- has sought to correlate the value of gas-oils for gas making with their com- 
position. The method was to measure the thermal value of the gases produced from cracking 
a given quantity of oil in a stream of hydrogen or nitrogen. A vertical silica tube into which 
the oil was dropped served as the furnace for the first experiments. When therms per gallon 
of oil were plotted against cc. of oil going through per minute, the curve rose abruptly to a 
maximum and then dropped off linearly. When packing sufficient to double the exposed 
surface was placed in the tube, the curve obtained was somewhat dissimilar, as if the products 
of surface reaction were not identical with those of gas reaction. The temperature of maxi- 
mum efficiency in gasification was about 750°. Hydrogen raised the efficiency, as compara- 
tive runs with nitrogen showed. The hydrogen may react with gaseous or liquid hydrocar- 
bons, it may retard the loss of hydrogen from the hydrocarbons, and it may react with the 
products of cracking while the temperature is still sufficiently high. The oils tested were 
analysed ; the highest thermal yields were from those containing the highest percentage of 
straight-chain compounds. Study of tar production required the use of a somewhat larger 
tube as furnace. As the rate of feeding was increased, the tar yields dropped to a minimum 
almost immediately and remained nearly constant. The “ paraffin M content of the tar, that 
is, the percentage of substances not dissolved by sulphuric acid, was very high at low rates of 
feed. The pitch or residue after distillation of the tar to 360° increased with the rate of oil 
feed. Experiments with carbureted- water-gas sets, like those with the miniature apparatus, 
gave the maximum of therms produced per gallon of oil while the feed rato was still low. 

7 J. Inst. Petrol. Tech., 1924, 10, 911; Brit. Chem. Abst., 1925, 121B. 

• J.S.C.I., 1925, 44, 471. 

9 Erddl u. Teer., Oct. 21, 1926, 669; Univ. Oil Prod. Co. Bull., Nov. 20, 1926. Note para. 
4690. 

•• J. Soc. Chem. Ind. t 1929, 48, 252-63T; Chem. Abst., 1929, 5565-6. 
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4807. Asphalt: Berginization. Bruylants, 10 and Waterman and Kortlandt 11 
have studied the berginization of asphalt. Bruylants, working in the Bergius 
laboratory at Mannheim, submitted crude Panuco asphalt, mixed with some 
ferric oxide, to a temperature of 420° C. and to a maximum hydrogen pressure of 
137 atmospheres for one hour in a 5-liter rotating autoclave. The asphalt, origi- 
nally thick, black and sticky with a density of 0.989, was converted into a mobile, 
fluorescent, reddish-brown liquid of density 0.866. There was a loss of 18 per 
cent, but not all of this was represented by permanent gases, some was material 
adhering to the walls of the autoclave. The increase in the hydrogen content of 
the liquid was negligible. 

4808. Although a fall in pressure (17 atmospheres) occurred, most of the 
hydrogen was recovered in the residual gases: but only about 25 per cent was 
uncombined , the rest was chiefly in paraffin hydrocarbons. The original material 
had contained 12.4 per cent boiling below 300° C. The product gave 58 per cent 
boiling below 300° C. and 28 per cent below 150° C., all by weight. Another, 
heavier asphalt (Pechelbronn) gave similar results, though it required a temper- 
ature of 455° C. 

4809. In neither case was there any coke formation, a result which is charac- 
teristic of successful berginization and which contrasts favorably with that of the 
best cracking processes when applied to such materials. 

4810. Smolonski and Badsynski 11 find that petroleum asphalt heated at 400° for twelve 
hours with hydrogen at above 100 atmospheres yields 60 per cent by weight of liquid hydro- 
carbons, similar to those obtained by the distillation of Galician light petroleum, and of which 
32 per cent boils below 160° and 36.5 per cent from 150° to 300°. The solid residue (25-30 
per cent) contains 87 per cent carbon and 4 per cent hydrogen, and is a good substitute for 
coke. About 15 per cent of the original weight of asphalt is evolved as gaseous products con- 
taining about 40 per cent methane and 40 per cent hydrogen. Somewhat lower yields of 
liquid hydrocarbons are obtained by the substitution of water-gas for hydrogen. 11 

4811. Waterman and Perquin 14 conclude that in berginization of petroleum 
the main feature is not the saturation of preformed unsaturated hydrocarbons 
but the suppression of polymerization and of formation of coke. This, in the 
author's opinion, is a feature which clearly differentiates the process from crack- 
ing methods. Pyrolytic cracking, as has already been pointed out, is character- 
ized by polymerization and coke formation. Elimination of these undesirable 
changes should relieve the oil refinery of one of its most difficult problems. 

4812. In the adaptation of a berginization plant to the treatment of liquids, 
specifically of petroleum hydrocarbons, the chief modification is obvious, viz., 
that due to the great ease with which a liquid may be injected into the reaction 
chamber. Furthermore, since in berginization there is no coking, there is no 
solid residue to remove. 

10 Bull. Soc. Chim. Bely., 1923, 38, 194. 

11 Rec. Trav. Chim. Paya-Bas, 1924, 46, 249. 

19 Prtemyal Ckem., 1928, 12, 117. 

11 Bril. Chem. Abel., 1928, 661 B. 

14 Hydrogenation in the petroleum industry, J. Inal. Petr. Tech., 1925, 11, No. 28. 
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4813. Berginization of Heavy Hydrocarbon Oils. Bergius 15 heats heavy 
hydrocarbon oils to 400° C. with hydrogen under 100 atmospheres pressure for 
the production of light oils. Water-gas or other hydrogen-carbon monoxide mix- 
ture may be used. Mention is made of the addition of metals, metallic oxides 
and hydroxides as desulphurizing agents and as hydrogenation catalyst s. Figures 
are given for a run on a Galician gas-oil of b.p. 270°-360° which gave a 97 per 
cent yield, 45 per cent boiling below 180° C. Eleven kilos of gas tar are heated 
with hydrogen at 100 atmospheres pressure, to 400° C. After four hours the 
mass is distilled at about 250° C., and about 60 per cent of distillate resembling 
petroleum oil is obtained, which can be further treated by rectification. 16 

4814. Hydrogenating Oils, Asphalt and Similar Materials. 17 The hydrogenation of 
carbonaceous solids in the presence of combined sulphur 11 is applied also to the treatment of 
rock oils, Bhale oils, resins, ozokerite, asphalt and the like, or fractions, residues or acid sludge 
or conversion products of these materials. An excess of hydrogen or other reducing gas is 
preferably used under pressure; e.g., residues of American petroleum are treated with hydrogen 
under 200 atmospheres pressure at 450°-500° C. in the presence of precipitated cobalt sulphide 
and the issuing gases are cooled to condense the light oil produced. 19 

Great credit should be given the I. G. Farbenind. A.-G. for the development of hydro- 
genolysis catalysts which are immune to sulphur, that is, retain adequate activity in the 
presence of the sulphur compounds of petroleum oils. By the employment of such sulphur- 
active, or sulphactive catalysts the scope of hydrogenolysis of mineral oils has been greatly 
expanded and the commercial possibilities correspondingly widened. 

4810. Hydrogenation of Hydrocarbons. 70 The volatile matter of a hydrocarbon substance 
is vaporized and mixed with hydrogen under pressure.* 1 

4816. Desulphurizing Preparatory to Hydrogenation.** Mineral and tar oils (coal is also 
mentioned) with water or steam, with or without hydrogen are treated at 200 atmospheres 
pressure and 600° to 550° C. in the presence of a contact mass containing iron and man- 
ganese; the sulphur is removed and condensed as a solution of hydrogen sulphide. (The 
oil is then passed, at the same temperature and pressure, over a catalyst containing molyb- 
denum.) 

4817. Alkali Metal as Desulphurizer.** In berginization of mineral oils, etc., the addi- 
tion of 5 per cent of alkali metal is made for removal of sulphur and to assist in the conver- 
sion. Other additions may be porous substances, fuller’s earth, charcoal, and coke ash.* 4 

4817A. Hydrogenating and Purifying Mineral Oils.* 4 * Mineral oils, crude naphthalene, 
oils from coal, etc., are subjected to the combined action of hydrogen and sodium under 
pressure and at a temperature of at least 300°. 

11 U. 8. Pat. 1,344,671, June 29. 1920; Chem. Abst., 1920, 2550. 

16 C/. Austr. Pat. 71,208, June 26, 1916; French Pat. 470.551, Apr. 6, 1914; J.S.C.I., 1915 , 
167; Brit. Pat. 6,021, Mar. 31, 1915; addition to 18,232 of 1914; J.S.C.I., 1916, 732; Brit. 
Pat. 4574. 1914; Ger. Pat. 304,348, 1913. 

17 Brit. Pat. 249,493, Mar. 19, 1925, to I. G. Farbenind. A.-G. 

18 Described in Brit. Pat. 247,584; Chem. Abst ., 1927, 91, 643. 

19 Brit. Pat. 249,501 specifies a similar process except that catalysts containing molyb- 
denum or its compounds are used as described in Brit. Pat. 247,583 (Chem. Abst., 1927, 91, 
643) and Brit. Pat. 247,586 (Chem. Abst., 1927, 91, 643); Chem. Abst., 1927, 91, 1005. 

*° Can. Pat. 223,195, Aug. 29, 1922, to Benson. 

81 Chem. Abst., 1922, 16, 3903. 

** Brit. Pat. 257,912, Sept. 2, 1925, to I. G. Farbenind. A.-G. 

** Dutch Pat. 13,594, Oct. 15, 1925, to the Intemationale-Bergin Compagnie voor Olie- 
en Kolen-Chemie. 

* 4 Chem. Abst., 1926, 90, 495; Brit. Pat. 213,661, Jan. 2, 1923, to same patentee. French 
Pat. 632,509, July 7, 1926 (addition to 559,787), to the same patentee, adds the preliminary 
step of treating the raw material with solid potassium hydroxide, or with metallic oxides, at a 
high temperature under high hydrogen pressure. 

tu Hofsftss (to Internationale Bergin -Compagnie voor Olicen Kolon-Chemic), U. S. Pat. 
1,729,943, Oct. 1, 1929; Chem. Abst., 1999, 5568. 
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4818. In order to obtain a high yield of low-boiling hydrocarbons hydrogen is circulated 
in a closed circuit in such excess that the partial pressure of the desired product is less than 
10 per cent of the total pressure. Crude mineral oil can be cracked to obtain 60 per cent 
of motor spirit by atomizing it with heated hydrogen in an aluminum-lined vessel and passing 
it at 475° C. and 200 atmospheres pressure over molybdenum and chromium oxides. 1 * 

4819. In the hydrogenation of mineral oils the deposition of carbon on the heating 
surfaces is avoided by effecting the heating in contact with moving surfaces such as nickel- 
chromium, cobalt-nickel, molybdenum, iron, chromium, manganese, tungsten, vanadium, 
tantalum, copper or noble metals or their alloys or silicides.** 

4880. Hydrocarbon vapors with water-gas, methane, etc., pass through a narrow high 
temperature zone where they are exposed to a flat flame. Among the metals used to prevent 
separation of carbon are cobalt, chromium, manganese, molybdenum, nickel and tungsten.* 7 

4881. Crude oil is forced through a vertical high-pressure reaction chamber lined with 
aluminum , in which the oil in a thin layer comes in contact with excess of hydrogen at 450°- 
475° C. and under 200 atmospheres pressure in the presence of molybdenum or magnesium 
oxide supported on an inert carrier. 28 

4881A. Klever ,8 * outlines a method of treating tar oils at a high temperature and under 
high hydrogen pressure in the presence of aluminum, copper, silver, sine, cadmium, magnesium, 
alkaline and alkaline earth metals and their compounds to produce lubricating oils. 

4822 . Bergius 19 describes a process of hydrogenating and decomposing hydro- 
carbons which is chiefly concerned with recovery of hydrogen from the light- 
est fraction produced. Hydrogen and hydrocarbon vapors having been caused to 
interact in a reaction vessel the issuing gases and vapors are passed through a 
condenser, then through wash-oil, all without lowering the pressure. The residual 
hydrogen-containing gases return to the reaction chambers. Hydrocarbon gases 
which have been absorbed by the wash-oil are separated, heated to a high tem- 
perature to decompose them into hydrogen and carbon and the hydrogen so pro- 
duced is used in the reaction vessel. 10 

4823 . Not unlike this is the process 11 described below. Oils containing unsat- 
urated hydrocarbons are heated in a still and the vapors mixed with hydrogen. 
The mixture is compressed to a pressure of 4-5 atmospheres and passed through 
a condenser. The condensed hydrogenated products are collected and the uncon- 
densed gas is treated for the production of hydrogen. The gases may be passed 
over a catalyst between the compressor and the outlet of the condenser.” 

4824 . Nitrogen Compounds as Catalysts. The methods described in para- 
graphs 4515-4518 are extended to the treatment of bitumens, their components 
or derivatives, such as crude oil, oil distillates, ozokerite, mineral pitch, cracked 
oils and acid sludge. Silicon nitride or titanium nitride may be used as catalysts 
with hydrogen alone, or mixtures of hydrogen with nitrogen and traces of ammo- 
nia may be passed together with the material to be hydrogenated over a heated 
catalyst such as an iron contact mass activated as for the ammonia synthesis.” 

11 Brit. Pat. 272.556, June 14. 1920. by the I. G.; Chcm. Age (London), 1927, 17, 173. 

*• Chem. Abel., 1928, 32, 1847; Brit. Pat. 272,483, June 11, 1926, to I. G. Farbenind. A.-G. 

,T Brit. Pat. 264,845. 

■Brit. Pat. 272,190. 

“• German Pat. 301,773. June 10, 1916. 

■ U. S. Pat. 1,607,939, Nov. 23, 1926. 

*° Chem. Abet.. 1927, *1, 318. 

81 Brit. Pat. 174,106, Auj?. 12, 1920, to Stephens. 

** Brit. Chem . Ahst.. 1922. 41, 168A. 

81 Brit. Pat. 250,582, Apr. 15, 1925; 251,264, Apr. 25, 1925, to I. G.; Chem . Abet., 1927, 
81, 1349. 
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4829. In the conduct of hydrogenation at elevated temperatures, intimate contact between 
the materials and the hydrogenating gases is obtained by passing them into contact with the 
materials through a porous mass such as a septum of sintered glass powder, quarts, earthen- 
ware, metals or charcoal. The interior of the reaction vessel may be lined with an alloy of 
chromium 10, molybdenum 2, cobalt 10 and iron 75 parts.* 4 

4826. Catalyst Dust Suspended in Vapor Phase. 14 One process involves the circulation 
in the reaction space of catalyst dust by means of an inert or of a reactant gas. The method is 
said to be particularly applicable to destructive distillation hydrogenations, to the mothanol 
and the ammonia synthesis and to other reactions under high pressure. An example is given 
in which a mixture of hydrogen and heavy oil vapor paseos through a porous fireproof plate 
carrying a molybdenum-chromium catalyst in the form of dust. The catalyst is whirled in 
the reaction space by the gases, and the reaction is effected at 460° C. and 20 atmospheres 
pressure. The catalyst is subsequently removed by baffles or a wire screen. 44 

4827. Distillation, Cracking, and Hydrogenation of Oils and Tara. 47 The raw material 
is atomised by being fed on to a series of rapidly rotating discs, and is simultaneously heated 
by circulating hot gases and vapors through the apparatus. The issuing gases and vapors 
are passed through a superheater and recirculated through the atomixor, part being with- 
drawn periodically and passed to a condensing system. The process may be carried out in 
the presonce of a hydrogenating gas, and, if necessary, under pressure. 

4828. Berginization of Squalene and d-Pinene. 14 Squalene is a hydrocarbon oil present 
in large quantities in the liver of certain sharks. The interest of this work is in connection 
with speculation as to the origin of petroleum. Samples of squalene having d*° 0.8559 and 
ignition temperature (Moore) 259° were bergi nixed in a small bomb. The resultant liquid 
had cP° 0.8256, and yielded on distillation 57 per cent of spirit up to 200°, 23 per cent of kero- 
sene at 200°-300°, and residual heavy oil. The spirit fraction contained 10 per cent of unsat- 
urated, 26 per cent of aromatic compounds, 24 per cent of open- and 40 per cent of closed- 
chain paraffins. In a further berginization test at 470° for one hour with initial pressure of 
hydrogen of 80 atmospheres, falling to 63 atmospheres on cooling, the liquid yield was 75 per 
cent, the absorption of hydrogen 3.45 per cent, and the product had d 10 0.8129 and yielded 
59.3 per cent of spirit up to 180° and 28.2 per cent of kerosene up to 300°, no wax being found 
in the residue. It contained 6.8 per cent of unsaturated and 17.9 per cent of aromatic com- 
pounds and 75.3 per cent of paraffins. The presence of isopentane was well marked. A 
sample of d-pinene when berginised gave very similar results to squalene, as was the case 
with some lignite oils, but the latter yiold some 20 per cent of phenols. The higher phenols 
when berginixed are converted into paraffins and lower phenols; the lower the phenol the 
more solublo it is in water. 44 

4829. A proposal 40 to hydrogenate petroleum and its residues in a continuous manner, 
in a liquid state, was made by Ellis, 40 who has advocated the treatment of petroleum, pitches, 
tars, asphaltic oils and malthas with hydrogen. 

4830. Hydrogenation of Refinery Distillates. In a country as rich as the 
United States in supplies of petroleum, at first sight there would scarcely seem 
a need for hydrogenation processes which to other nations not so fortunately 
supplied with oils from natural sources, represent a vital necessity. It is easy 
to understand why Germany, for example, should be deeply interested in the 
hydrogenation of lignite coal, and the like, to produce liquid fuels. In the han- 
dling of petroleum oils, however, especially in cracking operations, there are pro- 
duced enormous quantities of residues of comparatively low value, together with 
a surfeit of coke or carbon. In the neighborhood of some of our large oil refineries 

44 Chem. Abet., 1928, 22, 1847; Brit. Pat. 272,539, June 11, 1926, to I. G. Farbenind. A.-G. 

44 Brit. Pat. 274,904, July 24. 1926, to the I. G. Cf. paraa. 4701, 4702. 4714 and 5035. 

44 Chem. Age (London), 1927, 17, 311. 

47 Kohlenveredlung A.-G., Brit. Pat. 293,430, July 6, 1928; Brit. Chem. Abet., 1929, 
1041B. 

44 Ormandy, Craven, Heibron and Channon, J. Inst. Petrol. Tech., 1927, IS, 1. 

44 Brit. Chem. Abst., 1927, 692B. See para. 3000. 

44 U. 8. Pat. 1,345,589, July 6, 1920. . 
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not infrequently one will find areas heaped high with waste carbon removed from 
cracking stills. Losses by cracking through formation of fixed gases and pro- 
duction of coke are considerable and hydrogenation has come forward to provide 
the means of conversion of crude oil in its entirety into serviceable fractions of 
good quality available as motor fuels, kerosene, lubricants and other purposes 
where relatively high-grade products are required. We have elsewhere consid- 
ered the hydrogenation of mixtures of petroleum oil and powdered coal. Hydro- 
genation of these mixtures can be carried out almost as simply as the treatment 
of the oil itself by hydrogen with the added advantage that from a relatively 
cheap raw material — coal — there is obtained a substantial yield of volatile motor 
fuel. While powdered coal itself offers many difficulties in treating in a continu- 
ous manner under approved conditions of hydrogenation, a mixture of ground coal 
and oil can be handled in a manner similar to the oil itself, that is, pumped, 
heated and otherwise treated as a liquid. If refinery residues of a liquid character 
can be mixed with bituminous coal and hydrogenated to convert both oil and 
solid components very largely to useful liquid products, eventually there should 
result a considerable advantage to the refinery and what, perhaps, is even more 
important, another step towards the conservation of our natural resources in 
liquid fuels. In this connection Haslam and Ward 41 several years ago referred to 
hydrogenation in the following terms: “ its application in the United States as a 
means for caring for any petroleum shortage apparently awaits only proper 
economic incentive.” 

4831. That incentive has at length arisen, bringing to the petroleum oil 
industry wholly revolutionary methods of oil conversion and refining. In this 
country the pioneer in petroleum hydrogenolysis is the Standard Oil Company 
(New Jersey.) Starting with test units of about one barrel daily capacity, the 
utility and flexibility of refining by hydrogen (hydroforming and hydrofining) 
was established. A pilot plant of one hundred barrels daily capacity then was 
built and after its successful operation was assured the construction of several 
units of five thousand barrels daily capacity was undertaken. 4 * 

41 Mech. Eng., 1928. 60 26. 

41 Ind. Eng. Chcm. (News Edition), July 10, 1929 , 3 . Note Howard’s process, para. 4619. 
The Standard Oil Company (New Jersey) has entered into an agreement with the German 
I. G. Farbenindustrie, whereby a jointly owned corporation (Standard-I. G. Company) has 
arranged to acquire the patents of both parties in connection with tho commercial development 
of the hydrogenation of coal and oil for operation in all countries outside of Germany. Tho 
significance of the new contract as applied to the United States is that the hydrogenation 
process will be adapted commercially in this country to make gasoline and other products 
under the guidance of American oil interests with the full cooperation of the developers of the 
process. Ind. A Eng. Chem., 1930, 22 , 5. A further expansion of tho plan of development 
of hydrogenation of petroleum in this country has resulted in the formation of the Hydro 
Patents Company under which a largo proportion of the refiners of the United States are 
licensed. Note also Chem. A Met. Eng., 1929 , 678 and 761; 1930 , 153; Howard. Manufar - 
furera’ Record, Jan. 13, 1930 , 57. Howard states that two of the main things which hydro- 
genation is expected to accomplish are: (1) Make possible the manufacture of a barrel of 
gasoline out of a barrel of crude. In other words, to increase the proportion of lighter products 
obtained from crude oil as needed; ( 2 ) In this way to reduce the load on crude production, 
lessen the present over-supply of heavy fuel oils and gradually achieve an equilibrium between 
supply and demand. Hydrogenation process to be used first in conversion of heavy fuel oil, 
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4832. From an inspection of the chapters discussing the subject of petroleum 
hydrogenolysis, it will be observed that a new technology of petroleum is coming 
into being, a technology which is destined to modify profoundly the course of 
development of the industry during the next decade, a technology so divergent 
from the practice of the present oil refinery that mastery of the ramifications 
of hydrogenolysis will exact from the oil technician a high measure of study 
and specialization. Hydrogen, an element usually regarded as having only 
moderate reactive qualities, has now become a singularly potent medium of 
attack on petroleum under the new methods of application. Its power of seeking 
out what may be termed u atomic impurities” (sulphur, oxygen, nitrogen, and the 
like) in liquid petroleum and converting these impurities into gases which are 
readily removed from the field of reaction, seems scarcely less than magical. 
Known refining methods other than hydrogenolysis unfortunately result in the 
removal of the actual compounds or molecules in which the atomic impurities 
are found in the combined state. By such treatment these compounds are lost 
because they are eliminated in the refining wastage and yields, therefore, are cor- 
respondingly reduced. 

4833. Hydrogenolysis, on the other hand, seems to involve the plucking out 
of the atomic impurities without necessarily removing and destroying the entire 
molecule harboring the impurities. A molecular structure remains which may 
be expected to be quickly repaired normally by union with hydrogen or as a 
result of its presence. Thus a hydrocarbon offers itself in place of the former 
impurity-carrying compound, whether this be mercaptan, carboxylic acid, nitro- 
gen body, or whichever compound may have been subjected to the selective 
atomic stripping accompanying hydrogenolysis. Refining losses thereby are 
minimized or disappear. Volumetric yields of over 100 per cent frequently 
result. The oil has thus been hydrocarbonized. The term “ hydrocarbonize ” 
is used not in the sense of conveyance of extraneous hydrocarbons to the oil to 
unite therewith, but as an indication of the transformation of non-hydrocarbon 
bodies to strict hydrocarbon entities. 

4834. In general the process employed by the Standard Oil Company (New 
Jersey) consists in bringing together crude, residues or distillates and hydrogen 
under high pressure, in the presence of a sulphactive catalyst, at temperatures 
usually ranging from 600° F. to about 1000° F., and separating from the hydro- 
genated product any excess hydrogen, which excess is recycled through the 
system. The hydrogen may be made either from natural gas, refinery gas, or 
coal — whichever happens to be the cheapest for a given locality. 

4835. The cost of operation probably will vary somewhat, the exact figure being depend- 
ent on the particular variation of the process being used, the charging stock, the cost of hydro- 
gen, fuel, steam, power, and labor. 

Truesdell, Nall. Petroleum News, 1929, SI, No. 28, 27-9; Chem. Abst., 1919, 4561. Comments 
on the I. G. Standard Oil process at a meeting of the Koninklijke Petroleum Mij, Frank/. 
Zeitung, Juno 28, 1928, No. 474; /. Soc. Chem. Ind., Aug. 9, 1929, 48, 791; Cf. Florian. Petrol 
Times, Aug 31, 1929. 391. Patent rights on hydrogenation, of the Standard-I. G. Co., trans- 
ferred to the Hydro Patents Co., Ind. Eng. Chem., News Edit., July 20, 1930, 6. Petroleum 
becomes a chemical, Howard, Chem. Markets, July 30, 1930, 43. Eighty-five per cent gasoline 
yield by I. G. hydrogenation, Foster, Natl. Petroleum News , 1930, 81, No. 33, 27-31. 
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Two features of outstanding importance are: (1) The relative independence 
of quality of product from the character of the crude material; and (2) the flexi- 
bility of the process and plant, since widely varying hydrogenolytic operations 
may be carried out without material changes in plant construction. A few of 
these hydrogenolyses are noted below. 





Fio. 109. — Petroleum Hydrogenation Plant. 

Gas compressor house on left, oil pump house in center, and reinforced concrete stalls 
containing reactors and heat exchangers on right. (Plant in construction.) 


4836. Hydrogenolysis of Fuel Oil to Gas-Oil and Gasoline. Residues from 
crude stills or cracking coils may be hydrogenolyzed to produce in excess of 
100 per cent yield of a product consisting of gas-oil and gasoline, the percentage 
of gasoline ranging from 5 per cent to 35 per cent, depending upon conditions, the 
balance being a distillate product. During hydrogenolysis, the asphalt is com- 
pletely converted (hydrobleached) and two-thirds to three-fourths of all the 
sulphur in the stock charged eliminated. This sulphur comes out as hydrogen 
sulphide and is scrubbed out of the recycle gases. Even if the product charged 
is highly asphaltic and of high sulphur content, the gasoline produced is easily 
finished to give a low-sulphur, gum-stable product — usually by caustic wash 
only. The anti-knock value of the gasoline is dependent somewhat on condi- 
tions, particularly the type of charging stock — crude residues from Smackover, 
Venezuela, Colombia and similar crudes giving lower knock-rating gasolines 
than residues from Mid-Continent crude. The gas-oil, in addition to having a 
relatively low sulphur content, may be cracked subsequently to give a gasoline 
which finishes to specification easily, even though the gas-oil was produced by 
hydrogenolyzing a high-sulphur, high-asphalt crude or residue. The workability 
of this phase of process has been demonstrated on fuel oil residues from reduced 
Crane Upton, Panuco, Venezuelan, Panhandle, Mid-Continent, Talang Akar, 
Long Beach, Alamitos, Smackover, Reagan, and other crudes. 
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4837. One of the applications of this phase of hydrogenolysis will be to run 
these heavy asphaltic products to 25 or 30 per cent of gasoline and the balance 
gas-oil. The gas-oil then will be cracked to produce gasoline; so much of the 
cracking coil tar as is needed for the production of steam and power in the 
refinery will be used as fuel; and the balance of the tar will be recycled back to 
the hydrogenolysis unit. In this way the maximum gasoline yield will be 
obtained with the minimum hydrogen consumption. Depending upon the 
stock and operating conditions, a yield of 80 to 90 per cent of gasoline may be 
obtained by this method. If none of the tar were burned for fuel oil, the yield 
would be approximately 100 per cent. The methods described are those which 
have been worked out by the Standard Oil Development Company in collabora- 
tion with the I. G. Company. 

4838. The following table gives an “ inspection " of topped Crane Upton crude oil: 


A. P. I. gravity 23.0° 

Per cent at 400° F 1.5 

Per cent at 460° F 7.0 

Per cent at 650° F 46.5 

Per cent at 700° F 72.0 

Per cent sulphur 1.51 

This stock was hydrogenolyied to yield the following product: 

A. P. I. gravity 35.1° 

Sulphur, per cent 0.48 

Per cent off at 374° F 21.0 

Per cent off at 400° F 25.5 

Per cent off at 460° F 36.0 

Per cent off at 650° F 77.5 

Per cent off at 700° F 85.5 


The above " inspection ” is on the liquid product and does not include a small portion of 
absorption naphtha produced concurrently. The 400° end point gasolino produced amounted 
to 26.3 per cent on the feed and had a sulphur content of 0.056 per cent. 

4839 . In hydrogenolyzing a 7.2 A. P. I. gravity Tube-and-Tank tar containing 2.77 per 
cent sulphur, the hydrogenolyzed product gave tho following " inspection 


Sulphur, per cent 0.49 

Per cent at 374° F 18.0 

Per cent at 460° F 32.0 

Per cent at 650° F 73.5 


The gasoline from this hydrogenolyzed product had a sulphur content of 0.071 per cent. 

4840. Conversion of Gas-Oil to High-Grade Burning Oils, Light gas-oils 
may be hydrogenolyzed to produce water-white distillates and burning oils of 
high quality. In general, these products meet specifications as to sulphur, color, 
and smoke tendency with no other treatment except reduction to flash. The 
product consists of approximately 15 to 20 per cent gasoline, the balance being 
high-grade kerosene or “ water white.” In view of the fact that hydroforming 
takes a charging stock of higher viscosity than the final product desired, large 
yields of burning oils can be produced by this means. High quality burning 
oils have been made from the following stocks: Light Mid-Continent gas-oil; 
naphtha bottoms containing a little Smackover gas-oil; light Colombia refined 
oil distillate; Alamitos (California) heavy refined oil distillate; Long Beach 
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refined oil distillate; reduced cracking coil distillate from Tube-and-Tank crack- 
ing; and West Texas gas-oil. The following illustrations show the possibilities 
of this phase of the process: 

4841 . One hundred volumes of first rerun from Mid-Continent having the following 
characteristics: 

A. P. I. gravity 40.6° 

Refined oil viscosity 430 sec. 

Sulphur 0.26 per cent 

Color light brown 


was hydrogenolyzed to give about 102 volumes of the following product: 


A. P. I. gravity 

Viscosity 

Sulphur 

Color 

Flash 


47.2° 

320 sec. 

0.011 per cent 
+25 

below 60° F. 


This product gave, on topping for flash, 10 volumes of gasoline and 92 volumes of the 
following product: 


A. P. I. gravity. . . . 
Refined oil viscosity 

Sulphur 

Color 

Abel flash 

Doctor test 

Corrosion 


44.8° 

385 sec. 

0.01 per cent 

+25 

105° F. 

pass 

pass 


4841 . One hundred volumes of Alamitos (California) light gas-oil produced 102 volumes 
of hydrogenolyzed stock, which, on reducing to flash, gave 29 volumes of gasoline and 
73 volumes of export refined oil. The export refined oil gave the following inspection: 

A. P. I. gravity 42.8° 

Refined oil viscosity 420 sec. 

Sulphur 0.037 per cent 

This refined oil amounted to 19.5 per cent on the crude. 

4843 . From gas-oil having the following inspection: 

A. P. I. gravity 35.3° 

Refined oil viscosity 705 sec. 

Sulphur 0.761 per cent, 


export water white was made of the following quality, with a yield of 75 per cent on the 
charging stock: 

A. P. I. gravity 44.7° 

Refined oil viscosity 407 sec. 

Sulphur 0.015 per cent 


4844. Combination Fuel Oil and Refined Oil Hydrogenolysis. The following 
is given to show a possible combination of the fuel oil and refined oil modifica- 
tions: 

One hundred volumes of 27.6 Alamitos (California) crude having a sulphur 
content of 0.797 per cent, gives on straight distillation the following products: 

(а) 18 gals, of gasoline (gravity 52.5; sulphur 0.026 per cent). 

(б) 30 gals, of gas-oil (gravity 36.4; sulphur 0.55 per cent). 

(c) 52 gals, of fuel oil bottoms (gravity 14.7; sulphur 1.14 per cent). 
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4846. Hydrogenolyzing the gas-oil to “ water white/ 9 and the fuel oil to gas- 
oil and gasoline, and admixing the gasoline produced in each of the hydrogenolyses 
with the straight-run gasoline gives the following yields: 

(а) 42 gals, gasoline (gravity 54.1; sulphur 0.042 per cent). 

(б) 20 gals, export refined oil (gravity 42.8; sulphur 0.037 per cent; R. O. 
viscosity 420). 

(c) 39 gals, gas-oil (gravity 25.7; sulphur 0.33 per cent). 

> 4846. Lubricant Hydrofining. Special high-pressure treatment of lubricating 
fractions of petroleum oils with compressed hydrogen, usually in the presence of 
sulphactive catalysts, provides a means of obtaining almost unlimited supplies 



Fio. 1 10. — Portion or Petroleum Hydrogenation Plant. (In construction.) 


of high-grade lubricating oils from relatively low-grade stocks. Other things 
being equal, a lubricating oil may be rated on its change in viscosity with the 
temperature. The less this change, that is, the less the thinning of the oil which 
occurs as the temperature rises, the more highly the oil will be regarded for its 
lubricating properties. To lubricate a machine, for example an internal com- 
bustion engine, to best advantage the oil should be thin enough, when the motor 
is started in the cold, to prevent impairment of the moving parts. As the motor 
becomes hot through operation the oil will grow thinner and its lubricating 
qualities may be expected to diminish. Therefore, oils which alter to only rela- 
tively small degree with change in temperature under operating conditions are 
particularly desired. 

Viscosity is recognized by the refiner and oil user as the most important 
single characteristic of a lubricating oil, but its significance is complicated by the 
fact that the temperature-coefficient of viscosity varies widely with different 
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types of oil. Dean and Davis 420 have provided a unit known as the viscosity 
index , which expresses with adequate quantitative accuracy the changes taking 
place in the viscosity of an oil with alteration in the temperature. 

I 4847. In general, oils of the paraffin base type exhibit a lesser change in 
viscosity than other available grades, that is, they have a relatively high viscosity 
index. With the rapidly growing demand for high-grade lubricants for auto- 
mobile and airplane purposes hydrogenation has come forward to make us 
entirely independent of paraffin base oils. This finding is of great importance 
because the supply of paraffin base oils is comparatively limited. By the hydro- 
genation treatment oils which previously thinned or lost body rapidly with 
advance in temperature are found to acquire a notable viscosity stability or 
resistance to viscosity change with temperature. Oils from various sources, 
irrespective of their specific chemical composition, may be improved with respect 
to viscosity index to such a degree that no longer will the paraffin base oils rep- 
resent a particular high quality of lubricant. Their significance in this respect 
is destined to be lost. In fact, special hydrofining enables oils of other types to 
acquire a viscosity index exceeding that of paraffin base oils. Superparaffins 
jnay be said to result. 

4848. All lubricating oils used in internal combustion engines form carbon 
deposits during operation. These vary in character, ranging from flocculent 
and easily dislodged carbon to hard and adherent material. Some of the paraffin 
base oils are the worst offenders with respect to the formation of adherent carbon. 
Were it possible to find in abundance an oil which (1) changes only to a small 
degree in viscosity with the temperature and (2) yields only flocculent carbon, 
an important commercial requirement would be met. The hydrogenation proc- 
ess apparently has solved the problem of producing such an oil. By hydrofining 
oils of the flocculent carbon type having initially a low viscosity index, the latter 
is raised adequately so that the equivalent of a paraffin base oil possessing the 
valuable property of carbon-detachability results. Thus a new species of lubri- 
cating oil is obtainable, namely, one having a high viscosity index coupled with 
the detachable-carbon quality; the characteristics of the paraffin base oil with- 
out its defects. 

4849. Treatment with hydrogen causes a virtual improvement in flash point. 
The property of high flash point seems to be reflected in some measure in reduced 
consumption of the oil by an internal combustion engine. Apparently there 
exists a relationship between flash point and rate of engine consumption of oil 
which tends to render the hydrogenation process one of particular value from 
this standpoint. Moreover, there is a reduction in carbon (Conradson test) 
and in gum formation. The hydrofined lubricating oils are not as readily 
oxidized as the untreated oils, hence do not sludge easily. Hydrogenolysis also 
brings about an improvement in color. 

4850. Furthermore the treatment results in a notable reduction in sulphur: 
the oil is hydrunsxdphed. In fact that tendency of hydrofining to replace by 

410 Dean and Davis, Standard Oil Development Company, Bayonne, N. J., Chem. Met. 
Eno. % Oct., 1929, 36, No. 10. 
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hydrogen the atoms of sulphur, oxygen and nitrogen as they occur in compounds 
present in the oil (or perhaps partly to eliminate them in some other manner) is 
truly described by the term hydrocarbonizinq. Probably the term hydrofininq 
is best applied to those treatments by hydrogen which are carried out at tem- 
peratures in the lower ranges, including simply hydrunsulphing and hydrocar- 
bonizing, where no extensive alteration of the carbon-containing molecule occurs. 
On the other hand, where great disturbance of carbon structure results the proc- 
ess is better denominated hydroforminq. Thus the conversion of low-grade 
lubricating oils to those of high quality usually is a hydroforming process, the 
stock thereby being hydrolubriformed to yield a hycosol or hydrocosol. If the 



Fxo. 111. — Reinforced Concrete Stalls containing Petroleum Reactors and Heat 

Exchangers. 


same stock is subjected to a milder treatment involving no substantial change 
in the carbon structure, only a limited formation of lighter products, no material 
change in the viscosity-temperature curve and practically no reduction of Con- 
radson carbon, the operation is termed hydrolubrifininq , yielding a hydrolubri- 
fined oil. The subjection of smoky kerosene stocks to hydroforming action 
yields hydrolumined or hydroluminized kerosenes of greatly improved burning 
properties. Frequently two or more reaction types or phases progress simul- 
taneously, such as hydrunsulphing during hydroforming, or hydrocarbonizing 
when hydroluminizing. Likewise the conversion of dark-colored petroleum 
residues or distillates into light-yellow to water-white liquids, an action referred 
to previously as hydrobleaching, may progress concurrently. 
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4851. Conversion of Low-Grade Lubricating Distillates to Higher-Grade 
Lubricating Oils. By charging a low-grade lubricating oil distillate, a high-grade 
semi-finished lubricating oil may be produced. The hydrogenolysis is conducted 
to raise the gravity, increase the flash, lower the change in viscosity with tem- 
perature, and decrease the Conradson carbon. Naphthenic acids and asphalt 
present in the lubricating distillate are eliminated. An oil of good demulsibility 
is obtained. Mid-Continent lubricating oils have been hydrogenolyzed to give 
products of the best paraffin base quality. Distillates from Venezuela, Colombia, 
and West Texas crudes have given lubricating oils equal to high-grade Mid- 
Continent and Ranger Burbank or, by taking a lower yield, an oil corresponding 
in quality to a high-grade paraffin base type results. In general, in hydrogenolyz- 
ing lubricating oil distillates, the product on a volume basis amounts to some- 
what more than the stock charged. Yields given below are based on the product, 
and not the charge, and therefore all yields on the stock charged are possibly 
2 to 5 per cent higher. 

4862 . For the purpose of making a heavy motor oil of good paraffin base quality, there 
was hydrogenolyzed a Mid-Continent " Bright Stock '* of the following specification: 


A. P. I. gravity 23.0° 

Viscosity at 100° F 2940 sec. 

Viscosity at 210° F 149 sec. 

Conradson carbon 2.86 

Flash 610° F. 


On reducing the hydrogenolate to viscosity, a yield of 80 per cent of the following product 


was obtained: 

A. P. I. gravity 28.3° 

Viscosity at 100° F 671 sec. 

Viscosity at 210° F 74 sec. 

Conradson carbon 0.32 

Flash 480° F. 


The balance, 20 per cent, consisted of gasoline, gas-oil and spindle oil. 

4853 . To produce a Mid-Continent quality, 280 viscosity at 100° F. oil, a Colombia 
lubricating distillate having the following “ inspection M was hydrogenolyzed: 


Gravity A. P. 1 22.1° 

Viscosity at 100° F 613 sec. 

Viscosity at 210° F 60 sec. 

Flash 420° F. 

Conradson carbon 0.195 


The hydrogenolate on distillation gave: 

8 gala of gasoline, 

29.5 gals, of 30° gravity gas-oil, 

62.5 gals, of lubricating oil equal to that from Mid-Continent of the following 

“ inspection 


Gravity A. P. 1 27.1° 

Viscosity at 100° F 286 sec. 

Viscosity at 210° F 50 sec. 

Flash 410° F. 

Conradson carbon 0.01 

Color 10 Robinson 



580 


HYDROGENATION 


4854. The charging stock in the previous case was reduced to a 50 per cent bottoms and 
then hydrogenolyzed. The hydrogenolatc on reduction, in addition to gasoline and gas-oil 
gave the following lubricating oil cuts: 

(1) Medium Motor Oil (overhead) 


Yield 40 per cent 

Gravity 25.9 

Viscosity at 100° F 280 sec. 

Viscosity at 210° F 49 sec. 

Pour 40° F. 

Flash 410° F. 

Conradson carbon 0 . 001 


(2) Extra Heavy Motor Oil (bottoms) 


Yield 25 per cent 

Gravity A. P. 1 27.1° 

Viscosity at 100° F 796 sec. 

Viscosity at 210° F 74.8 sec. 

Pour 35° F. 

Flash 510° F. 

Conradson carbon 0.18 


4866. Treatment of Naphthas for the Elimination of Sulphur and Gumming 
Tendency. In view of the remarkable facility with which hydrogenolysis 
eliminates sulphur, natural or cracked naphthas may be treated to advantage. 
By a mild hydrogen treatment a medium-sulphur, high-gum and unstable gaso- 
line may be rendered stable, with about 50 per cent of the sulphur eliminated 
under such conditions of operation that the knock rating is raised only to about 
the same extent as would result from a 7-lb. per bbl. acid treat. This phase of 
the process would be carried out in such a way that no appreciable change would 
be made in the boiling range of the naphtha. The process may also be so 
operated as to eliminate almost entirely sulphur from a high-sulphur, cracked 
naphtha, with a small increase in knocking tendency. Depending upon condi- 
tions of operation, this treatment eliminates from 65 to 98 per cent of the 
sulphur in the feed stock and gives a gum- and color-stable naphtha which, after 
a light wash with caustic soda, passes corrosion and doctor tests. The following 
table shows character of stock charged and finished product. The improvement 
in color, gum, and sulphur is readily apparent. 


Total Product 

Smackover 

Naphtha 

Hydrogenated 

Product 

(100 Per Cent Yield) 

Gravity 

40.4 

0.395 per cent 
Does not pass 
Straw 
124° F. 

14.5 

40.5 
64.0 

71.5 
540° F. 

51.9 

0.019 per cent 
Passes 
+25 
134° F. 
12.0 

45.0 
73.5 

62.0 
502° F. 

Sulphur 

Doctor 

Color 

I. B. P 

Per cent at 212° F 

Per cent at 302° F 

Per cent at 374° F 

Per cent at 400° F 

F. B. P 
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Gasoline 

Smackover 

Naphtha 

Hydrogenated 

Product 

(100 Per Cent Yield) 

Gravity 

53.9 

55.3 

Sulphur 

0. 188 per cent 

0.006 per cent 

Porcelain dish gum 

12 mgs. 

1 mg. 

Copper dish gum 

21 mgs. 

4 mgs. 


The change in initial boiling point is duo to not fully recovering the low-boiling fractious 
from the recycle gases. 


4856. Production of High-Compression Anti-Knock Gasoline. 4 * In the case 
of some of the above examples, hydrogenolysis apparently has served to saturate 
the hydrocarbon molecule and, to all intents and purposes, to render it more 
paraffinic. By suitably changing the operating conditions, the effect of this 
process may be reversed to yield stable but non-paraffinic products. The most 
important commercial application of this phase at the present time is in the 
production of anti-knock gasoline from gas-oil. The following serve to show 
its possibilities: 


4857 . Charging stock : Cracked distillate from low pressure Tul)e-and-Tank cracking coils. 


Initial boiling point 304° F. 

Final boiling point 430° F. 


From this stock there was produced 78 per cent of 400 E. P. naphtha having a knock rating 
better than Ethyl Aviation Standard. (This gasoline is low in sulphur, is gum-stable and 
water white. 

4858 . A cut from a highly paraffinic Mid-Continent gas-oil having 


Initial boiling point 470° F. 

Final boiling point 584° F. 


was hydrogenolyred to give 82.2 per cent of gasoline with a sulphur content of 0.01 per cent 
and a knock value such as would require only about 0.15 of a c.c. of lead tetraethyl to make 
it equal Ethyl Motor Standard. On distillation the gasoline yielded 36 per cent off at 
212° F., was water white, and the gum content was 8.4 mgs. Without any treatment it 
passed doctor and corrosion tests, and was found to be stable on accelerated gum test. 

u The term gasoline (frequently abbreviated to the colloquialism '‘gas'*) continues 
unflaggingly through the various notable changes which this fuel commodity has undergone 
since the term was first applied to the light distillates from crudo oil. Such distillates, now 
known as straight run gasoline, originally constituted the only product to which the term was 
applied. The dearth of straight run gasoline resulted in the development and widespread 
use of cracking processes, by which means the deficiency of the naturally occurring gasoline 
was mot. Physically, however, the cracked product was different in several respects from 
the straight run gasoline. It was darker in color and exhibited different boiling characteristics. 
Chemically the differences were pronounced. The cracked material, or synthetic gasoline, 
being the product of disintegration of heavy oils, possessed chemical properties remote in 
many respects from those possessed by the straight-run gasoline. With the advent of proc- 
esses for the hydrogenation of coal, light motor fuel of dissimilar origin and notably different 
quality becomes available, yet the term gasoline continues and will continue to be applied 
to this fuel despite certain physical and marked chemical differences. Evidently the public 
accepts the term gasoline to define motor spirit as a commodity regardless of origin or differ- 
ences in chemical composition. 

On account of the flexibility of the process, hydrogenation makes possible the substantial 
duplication of straight run gasoline, if that result is desired. 
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4S69. The same stock was hydro genolyzed under slightly different conditions to produce 
61.5 per cent of a gasoline having a knock rating equal to Ethyl Aviation Standard, containing 
0.09 per cent sulphur, with 12 1 mgs. of dissolved gum and a Ell of 43 J per cent at 212° F. 
This gasoline also was water white, and gum-stable and passed doctor and corrosion tests 
without further treatment. 

4860. Cracked California gas-oil was hydroform ed to produce a highly aromatic anti- 
knock stock stii table for blending. The charge stock had the following '* inspection M : 


Gravity A. P. 1 26.2° 

Initial boiling point 324° F. 

Per cent off at 374° F 3 

Per cent off at 400° F 9 

Final boiling point 598° F. 

Aniline point. . . .‘ 79° F. 


The yield from this charge stock was 80 per cent of a finished, water white, gum-stable, 
blending anti-knock stock of the following M inspection 


Gravity A. P. 1 42.8° 

Initial boiling point 90° F. 

Per cent off at 212° F 16 

Per cent off at 284° F 35 

Per cent off at 356° F 70.5 

Per cent off at 374° F 80.5 

Per cent off at 400° F 90.5 

Final boiling point 433° F. 

Sulphur, per cent 0.016 


To oqual the knock intensity of this product on a water-cooled test engine, 3| c.c. of tetra- 
ethyl lead in a mixture of 70 per cent regular Mid-Continent gasoline with 30 per cent benzol 
were required. When blended with a poor Mid-Continent stock, it had 75 per cent of the 
value of benzol as a blending agent. 


4861. It will be noted that the gradual development of the hydrogenation 
of coal and especially of petroleum oils is bringing forth a new terminology. 
Thus the breakdown of polycyclic or alicyclic complexes under the joint action 
of high temperature and high hydrogen pressure to form simpler cyclic, e.g., 
monocyclic compounds, or those from which an aliphatic group has been detached, 
is appropriately termed hydro fissioning (hydroscissioning) ; the oil so treated is 
hydrofissioned (hydroscissioned). Sometimes hydrofissioning progresses, under 
special conditions of hydrogen partial pressure, such that little or no extraneous 
hydrogen appears to become combined and fixed in the liquid products or hydro- 
genolates. At least the indications suggest that this is the net result. Fission- 
ing under these conditions may be termed hygestion. (A contraction of hydrogen 
digestion.) An oil so treated therefore is hygested . In conversion by hygestion 
a considerable part of the hydrogen may enter into combination with unsaturated 
gases or fragments thrown off by the liquid hydrocarbons under treatment, 
yielding gases more or less saturated. 

4862. Hydrogen under high pressure possesses the noteworthy power of 
removing from petroleum hydrocarbons various metalloid compounds which are 
present. In most petroleum products this demetalloiding action is mainly con- 
fined to sulphur compounds. Conceivably, however, the same stripping or 
replacing action could well obtain with respect to compounds of selenium, 
tellurium, arsenic and other allied bodies to such extent as they might exist in 
the crude oil. The extraordinary action of high-pressure hydrogen in reacting 
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on the sulphur compounds of the oil to form hydrogen sulphide, thereby denuding 
the oil of its sulphur content, may be termed desxdphing. An oil thus stripped 
of its sulphur in large measure is desulphed. The term should be used, however, 
particularly to signify a deep-seated removal of sulphur accompanied by a 
corresponding alteration of the sulphur-containing bodies. The word desulphi- 
dation used elsewhere in this text has other connotations both inside and outside 
the oil industry. The author therefore prefers desulphed as a specific term to 
apply to the removal of sulphur, as hydrogen sulphide, by the hydrogenolysis of 



Fig. 112. — Hydrogen Compressor Supplying Petroleum Reactors. 


the various, and often normally refractory, sulphur compounds present in 
petroleum. 

4863. An oil which has been hydrogen-treated and thus largely stripped of 
sulphur is “ hydrogen-unsulphed,” from which have been derived the contrac- 
tions hydrunsulphy hydrunsulphed and hydrunsidphing used elsewhere in this 
text: all terms contemplated to be applied in a manner specific to the removal 
of sulphur by high-pressure hydrogenation. 

4864. Other constitutional changes not without import occur in such hydro- 
genations. Oxygen, as has been noted, is removed, often with marked structural 
alterations. This would be the case, for example, when the carboxyl group of a 
naphthenic acid is deoxygenated. Nitrogen compounds in the oil are likely to 
be attacked with formation of ammonia or its compounds. 

4866. Kelber and others (see Chapter XXIX) have used hydrogen to dechlo- 
rinate various chlorinated compounds, but these investigations were mostly 
restricted to comparatively simple reactions in low-pressure catalytic hydrogen 
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dechlorination of substantially pure substances. High-pressure hydrogenation 
is far more deep-seated, involving selective phenomena of unusual complexity 
and reaction orientation singularly responsive to changes in conditions; tending, 
for example, when applied to a petroleum oil containing the usual multiplicity 
of bodies carrying sulphur, nitrogen, oxygen, and the like, to expel to a surprising 
degree such elements, thereby to provide, at low cost for industrial purposes, 
relatively pure mixed hydrocarbons. 

4866. Broadly speaking, petroleum is considered to be a mixture of hydro- 
carbons. In a strict analytical sense, however, the composition is far more 
complex. Mercaptans, aldehydes, carboxylic acids, nitrogen compounds and 
numerous other bodies not classed with hydrocarbons are likely to be present. 
Among other effects, high-pressure hydrogenation of petroleum and its distillates 
exerts a hydrocarbonizing action. The change thus may be contemplated as a 
unifying reaction in the sense of conversion or elimination of non-hydrocarbon 
bodies from the liquid constituents of petroleum fractions, a result of enormous 
commercial significance. Hydrocarbonized petroleum (paradoxical though the 
term sounds) thus has made its advent with the development of certain phases 
of high-pressure hydrogenation. 

4867. In the light of the foregoing, the convenient terms hygested , hydrun - 
8i dphed and hydrocarbonized , appropriately used in the petroleum industry, 
appear reasonably self-explanatory and desirably concise. 

4868. Hydrogenolysis. The unique action of hydrogen of extrinsic origin 
under high pressures and high temperatures on petroleum gives rise to the 
descriptive term hydrogenolysis , a term frequently used in the foregoing text. 
Misapprehension in the past respecting the character of such action has caused 
a laxity of expression which warrants correction. The established term “ destruc- 
tive hydrogenation ” doubtless can be bettered, since it seems scarcely to do 
justice to the selective control and orderly procedure of petroleum hydrogenation 
conversion in its various feasible commercial adaptations; perhaps, even sug- 
gesting the possibility of the inception of cracking conditions. This last assump- 
tion, as the author has previously noted, is far from the truth. Pyrolytic crack- 
ing is a haphazard breakdown and partial recombination by the agency — heat. 
The trend is towards dehydrogenation with formation of asphaltic polymers and 
carbon. 

4869. The most careful regulation of temperature and pressure in pyrolytic 
cracking tends towards differences only in degree rather than in kind. Hydro- 
genolysis, with its favorable exothermic transitions, provides sharp differences 
in kind. For example, sulphur, a recognized dehydrogenating agent ever pres- 
ent in crude petroleum, undoubtedly is disturbingly active in this pyrolysis, 
while in hydrogenolysis sulphur compounds apparently are selectively attacked 
with removal, to an astonishing degree, of the sulphur as hydrogen sulphide, 
from the zone of hydrogenation, thus curtailing dehydrogenating influences. 

4870. In such pyrolysis asphaltic bodies ordinarily are among the first to 
become carbonized. In hydrogenolysis the reverse holds true. An oil, black 
with asphaltic impurities, changes to a light-colored product as hydrogen recon- 
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stitutes the asphalts to colorless oils. The haphazard rearrangements of pyro- 
lytic decomposition are replaced, in hydrogenolytic decomposition, by a far more 
orderly and useful reconstitution. Given the proper conditions, hydrogen 
becomes an avid reactant dominating and suppressing the fortuitous changes 
normal to pyrolysis. Hydrogenolysis, therefore, should not be confused with 
pyrolytic cracking. 

To the petroleum oil refiner, accustomed as he is to the coking action of crack- 
ing, there is something magical in the manner hydrogen gas acts, especially on 
black tarry oils. He sees a dark-colored asphalt-containing oil fed into a hydro- 
genator and finds it emerging as a colorless product, usually with actual volu- 



metric gain. He contrasts the crudities of cracking with this more scientific 
approach to a solution of one of our most important fuel problems, and, despite 
the greater cost of plant, the higher pressures involved and the more skillful 
control required, he recognizes that an important forward step has been taken. 

4871 . Other high pressure treatments of carbonaceous raw material call forth such terms 
as nitrofjenolysU , applicable to its decomposition in an atmosphere of nitrogen; carbolysia , 
where the diluent atmosphere is an oxide of carbon, and oquolysia, where water vapor, 
especially at temperatures and pressures above the critical, is the diluent. 

4871 . Reference has been made al>ove to the hydrogenolysis of mixtures of coal and oil, 
especially to the greater ease of handling mixtures which can be pumped nearly as easily as 
oil. Other advantages, residing in the quality of the hydrogenolates aro attributed to the 
hydrogenolysis of these mixtures. 44 Coal and its tars are stated to yield spirits of high anti- 
knock value which are deficient in constituents boiling below 100° C. Products of the 

44 1. G., Brit. Pat. 296,984, Aug. 22, 1928; Brit . Chem. Abst ., 1930 , 48B; Chem. Ab*t ., 
1919 , 5306; French Pat. 659,907, Sept. 3, 1928. 
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nooded low boiling point but of not as high an anti-knock value are obtained from petroleum. 
The hydrogenolysis of mixtures of coal and oil therefore yields a well balanced fuel. 

4873. Highly Purified Petroleum Oils. A crude petroleum or heavy fraction is hydro- 
genated by treatment with hydrogen at a high temperature and pressure (suitably about 
400-450° and 50-100 atmospheres with Pennsylvania crude oil) and a product of the desired 
viscosity is separated and further purified. 41 Catalysts such as oxides of chromium and 
molybdenum may be used in the process. 

4874. In an apparatus for cracking and hydrogenating oils and other carbonaceous 
materials, the oil is circulated through a reaction vessel and heating coil. 4 * 

4875. Crude oil or coal paste is destructively hydrogenated, part of the products being 
cracked and the undesired or unchanged liquid products returned to the hydrogenation stage. 
Treatment of an oil containing 86 per cent boiling above 300° C. and 14 per cent boiling 
between 200-300° C. gave a product containing 20 per cent of gasoline and 30 per cent of 
middle oil. The latter on cracking yielded 37 per cent of gasoline, 45 per cent of middle oil, 
and a residue which was returned for rehydrogenation. 47 

a Howard (to Standard Oil Development Co.), Brit. Pat. 308,297, March 21, 1928; 
Chem. Abst., 1930, 234. 

46 Standard Oil Development Co., French Pat. 667,177, Jan. 9, 1929; Chem. Abet., 1930, 

1212 . 

47 Kamm. Adams, and Imperial Chemical Industries, Ltd., Brit. Pat. 325,487; Chem. Age 
(London), 1930, 398; Brit. Chem. Abet ., 1930, 450B. 
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HYDROGENATION OF MINERAL OILS (II) INCLUDING LOW 
PRESSURE HYDROGENATIONS 1 

4900 . The simple hydrogenation, or the more involved processes of hydro- 
genolysis, of mineral oils is a subject that, in its present condition, lends itself 
but ill to systematic treatment. In the first place the reactions in many cases 
are obscure. Secondly, the “literature” of the subject available at the present 
time consists, for the most part, of patent specifications and of a few articles 
of a very general character. Included herein, however, are all those references 
to hydrogenation even though casual and remote which have come to the author’s 
attention. The treatment here will, perforce, be little more than a more or less 
systematic arrangement of proposed processes. 

4901 . In cracking petroleum oils in the presence of hydrogen, Whitaker and 
Leslie 2 have reached the following conclusions: 

1. That effects often ascribed to catalysis are in reality due to effective heat 
transfer by conduction and convection from the large heated surfaces exposed to 
the gases. 

2. That hydrogen is produced from an oil even when the cracking takes place 
in hydrogen. 

3. That considerable absorption of hydrogen takes place when an oil is 
cracked in an atmosphere of hydrogen, and this absorption is greater the higher 
the concentration of hydrogen, the higher the temperature (within the range 
studied), and the lower the oil rate. 

4. That no marked and consistent difference in the amount of tar formed 
when an oil is decomposed alone or in hydrogen at temperatures of 723° C. or 
below is noticeable. At 825° C. less tar is formed when the oil is cracked in hydro- 
gen. The tars formed below 723° C. are in large part unchanged or partly 
changed oil, whereas those tars formed above 800° C. are essentially composed 
of synthetic products. 

5. That the reactions which result in decreasing the proportion of illumi- 
nants are the most rapid. 

1 In abstracting patents and describing inventions that part only of each invention 
which is relevant to our subject-matter is dealt with. Originally it was the intention to 
place all matter relating to berginization, or to analogous processes, whether applied to 
mineral oils, to coals, or to tars, in Chapters XLIV to XLVIII, but with the expansion of the 
text through the attempt to include the majority of the proposals in the hydrogenation 
held the line of demarcation between these chapters and those immediately succeeding 
unfortunately has been lost. 

* J. Ind. Eng. Chan., 1916 , 694 . 
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6. That the presence of hydrogen during the decomposition of an oil has the 
effect of increasing largely the proportion of the carbon of the oil appearing as 
hydrocarbons in the gas. 

7. That with correct design of apparatus, and proper adjustment of tempera- 
ture, rate of oil feed, and concentration of hydrogen it is possible to obtain gases 
of widely varying compositions. 

4902. The results of experiments by Winkler* on the problem of motor gaso- 
line are of interest. Winkler observes that California petroleum is one of the 
large sources for gasoline, and yet that probably 80 per cent of it is too thick for 
any explosive mixture and “ a sootless bum ” in the cylinder. To depolymerize 
the heavy hydrocarbon oils down to their simplexes in a manner somewhat 
analogous to the depolymerization of synthetic rubber back to isoprene — the 
following experiments were carried out: 4 

4 902 A. 1. Effect of Corona. A glass tube 2 i in. diameter by 3 } ft. long, wrapped with wire 
gauze, with a 1-in. copper rod suspended co-axially through its center, was used as a hot vapor 
chamber, while at the same time tho inside rod and outside gauze were kept at a potential of 
from 25,000 to 30,000 volts by dynamo and high potential transformer. When the room was 
darkened, a continuous bright bluish glow was evident throughout the tube, i.e., a corona. 
Through this glow (air removed) various California heavy distillates were distilled repeatedly, 
with a largo excess of hydrogen (dry and moist), the object of the corona being to ionise the 
hydrogen. (The dielectric constants of hydrogen and hydrocarbon vapors and air were 
found to be not very different.) Practically no change could be detected in the oils after 
repeated slow distillations through the above chamber. 

2. Effect of Arc. The Birkeland-Eyde process was applied to these oils in an atmosphere 
of hydrogen. Tho oils, both liquid and gaseous, were passed through with increasing speed, 
to shorten tho time in the arc. The carbons were hollow, and hydrogen was passed inward 
through both. They were kept cool by a water jacket. The results were variable, but in 
every case the oils were reduced to non-condensable gases and a cloud of fine carbon. 

3. Effect of Steam and Aluminum under Pressure. Very fine aluminum dust was mixed 
with various heavy California oils to a "suspension," and those mixtures subjected to a pres- 
sure of 110 lb. per sq. in. with steam in a heavy, specially constructed retort. They were also 
agitated, and at the same time heated to various temperatures up to their cracking points. 
The purposo of the aluminum and steam was to generate nascent hydrogen within the oil. A 
variety of attempts indicated no success. The aluminum was not amalgamated. 

4. Effect of Reduced Nickel Oxide and Hydrogen on the Aerated Oil. According to Char- 
itschkoff, better results at cracking Russian petroleum were obtained by first oxidising 
the oil.* Heavy California oils were heated and aerated (by drawing air through them) for 
two or three days, to oxidise them and to generate petroleum acids (tho purpose of this oxi- 
dation also being to introduce carboxyl groups, with the possibility of splitting out water 
with the hydrogen afterwards, and leaving the rest of the broken molecule to unite with the 
excess hydrogen). 6 Tho aerated oils were subjected to the action of reduced nickel oxide and 
hydrogen, but without success. Iodine was substituted for the nickel oxide with no better 
results. 7 

5. Effect of Rhodium-Black and Hydrogen. Active platinum-black, made according 
to the Loew process, 6 has boon shown to be a good catalyst to hydrogenate pure benzol and 
pure benzine. It is, however, poisoned by sulphur bodies. 6 California oils contain sulphur, 

•/. Franklin Inst., 1914, 178 , 97. 

4 Z. angew. chem., 1913, 609. 

6 Petroleum, 1913, 748. 

• Z. angew. chem., 1913, 561-606. 

7 Ramsay found nickel in all crude oil examined and suggests that it may have acted as 
a catalyst in the formation of petroleum from gases of low molocular weight. J.S.C.I., 1923, 
48 , 470; /. Inst. Petrol. Tech., 1924, 10 , 87. 

6 Ber. 23, 289. 

• Ibid., 45, 1471. 
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and do not hydrogenate under these conditions. Bredig has shown that rhodium metal acts 
as a catalyst to break down formic and acetic acids to hydrogen and carbon dioxide, etc., and 
that sulphur bodies are favorable to its activity. 10 Rhodium-black was made (by the Loew 
process), and tried out on California oils under parallel conditions, but failed to hydrogenate 
in tho least. 

4903 . Rittman observes that many inventors have made claims to processes 
of hydrogenation of petroleum oils in connection with their method of crack- 
ing. In most of these cases the hydrogen is derived from steam which is 
admitted with the oil or else is derived from the hydrocarbons themselves by 
employing a suitable catalyzer. 11 

4904 . Tests conducted by Cross with many catalytic bodies including alu- 
minum powder, nickel, copper, mercury, zinc dust, iron dust, and platinized 
pumice did not afford increased yields of light hydrocarbons from heavier oils. 11 

4905 . Brooks, Bacon, Padgett and Humphrey 11 state that the effect of pres- 
sure in diminishing the percentage of olefines in the gasoline obtained is a note- 
worthy feature of their work. The same effect is very strikingly shown in the 
interesting results of Whitaker and Rittman on the effect of pressure in the yield 
of illuminants in oil gas. At 900° C., Whitaker and Rittman obtained from a 
given quantity of oil 122 liters of illuminants at 0.75 lb. pressure, 50 liters at 
atmospheric pressure and 15.5 liters at 45 lb. (absolute) pressure. They were 
also able to show that at temperatures of 750° to 800° C. the addition of hydro- 
gen to the gas mixture has the effect of partially hydrogenating the olefines and 
that this reaction takes place more readily as the pressure on the system is 
increased. Ipatiev 14 has made the interesting observation that, in the distillation 
of petroleum under pressure, at higher pressures the evolved gases become 
continually poorer in hydrogen in spite of the higher temperatures required to 
maintain the higher pressures. The pressures employed by Ipatiev were 120 
to 340 atmospheres. 

4905 A. The liberation of hydrogen from petroleum hydrocarbons at various temperatures 
has been studied by Engler 11 and his student. They obtained no hydrogen below 470° at 
atmospheric pressure from kerosene fractions boiling below 280° C. The liberation of hydro- 
gen from different hydrocarbons at a given temperature depends somewhat on their con- 
stitution. Thus, benzene yields appreciable quantities of hydrogen only at temperatures 
above 500° C. 

The work of Brooks, Bacon, Padgett and Humphrey indicates that if hydrogenation 
of tho liquid olefines takes place during distillation under pressure, it occurs simultaneously 
with their initial formation. A sample of cracked naphtha, having an iodine number of 
55.0 was heated to 190° C. with hydrogen for thirty hours under 3000-lb. pressure per sq. in. 
The iodine number and refining loss with sulphuric acid were practically unaffocted, the 
iodine number of the final product being 52.9. Results closely parallel to this wore obtained 
by Rhodes, working with liquid fatty oils. Tho apparatus employed was a steel bomb 
connected with a solenoid stirrer constructed as described byStuckert and Enderli. 14 Ueb- 

l0 Oest. Ch. ZtQ., No. 14, 1911, 266. 

11 Bulletin 114 , Bur. of Mines, 24. 

11 Petroleum , Asphalt and Natural Gas Bulletin , No. 14 , Kansas City Testing Labora- 
tory, 97. 

11 lnd. Eno. Chem. t 1915 , 180 and 412. 

14 Ber., 1904, 2969. 

11 Engler and Hofer, Das Erddl , 1, 574. 

11 Zeitschr. /. Elektroch., 1913, 570. 
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belohde and Woronin 17 showed that in the presence of nickel, hydrogen was split off from 
a Baku crude oil at as low a temperature as 180° C. The results of Zelinski, 18 dehydro- 
genation at temperatures above 300° C. in the presence of platinum are to be expected. Ostro- 
mialenski and Bujanadse 19 showed that in the presence of nickel a Russian crudo oil gave 
only coke, 40 per cent, and gas at temperatures between 660° to 700° C., no tar or liquid 
being obtained at all. Furthermore, the gas contained 72 to 75 per cent of hydrogen and the 
remainder consisted of saturated hydrocarbons. These facts are quite significant in view of 
the proposed cracking processes of Vernon-Boys, Lamplough and others, who introduce 
nickel into the cracking zone. A series of experiments was made by Brooks, Bacon, Padgett 
and Humphrey at atmospheric pressure and at temperatures of 500° to 550° C., employing 
various catalytic substances. Kerosene and solar oil vapors passed through an iron tube 
containing burned clay, carbon, coarse and finely divided iron, coarse and finely divided 
copper, heated to the above-named temperature, yielded gasoline fractions, which showed 
an olefine content of approximately 25 to 30 per cent. When nickel was employed the pro- 
portion of olefines in the gasoline product was 48 per cent. 

4906. Ellis and Wells describe the results of experiments with several forms 
of tubular cracking apparatus and the hydrogenation of some of the products 
obtained. 

Using kerosene of 42° B6. (sp. gr. 0.814) yields of gasoline (boiling-point up to 150° C.) 
of 18 to 20 per cent were obtained at 450° to 000° C. By distilling off the gasoline and 
retreating the residue, and also scrubbing the gaseous reaction products with oil, yields of 
40 to 45 per cent of gasoline were obtained. The gasoline was denser than normal gasoline 
of the same boiling-point, had a higher refractive index and was unsaturated; the iodine 
value of the distillation fractions was higher the lower the boiling-point, a fraction boiling 
below 70° C., for example, having an iodine value of about 300. On standing for a long time 
the gasoline became darker in color, and when subsequently distilled, a violent reaction 
occurred at about 160° C., resulting in the production of a dark brown viscous oil. A similar 
reaction occurred at about 1 10° C. on distilling under diminished pressure (6 to 10 mm.). The 
viscous polymerized product reacted violently with sulphur and with sulphur chlorides, 
a viscous oily mass being produced. Hydrogenation improved the odor of the gasoline, 
changed tho color from light straw-color to water-white, and destroyed the tendency to 
polymerize. 10 

4907. The Desirability of Unsaturated Hydrocarbons. According to 
Brooks 71 the idea that it is always a good thing to hydrogenate unsaturated 
hydrocarbons, is erroneous. In respect of odor there is nothing gained and in 
lubricants more not less of unsaturated hydrocarbons would be advantageous. 

4908. Nevertheless petroleum spirits containing di-olefines, such as are pro- 
duced by cracking, are especially liable to deposit resinous condensation prod- 
ucts on storage analogous, presumably, to caoutchouc formed from isoprene. 
Hydrogenation in the liquid phase may be expected to reduce refining losses. 
Possibly the removal of sulphur-containing impurities would be a condition 
precedent, as it was in the case of naphthalene. 

4909. Olefines More Resistant to Hydrogenation than Fatty Acids. Accord- 
ing to Brooks and Humphrey, the unsaturated fatty acids are much easier hydro- 
genated than are the unsaturated hydrocarbons. The first surmise was that the 
petroleum olefines contained traces of sulphur compounds, which poisoned the 

17 Petroleum, Berlin, 1911, 7. 

« Ber ., 1912, 45 , 3678. 

19 J. Russ. Phya. Chem. Ges. t 1910, 195. 

10 /. Ind. Eng. Chem ., 1915 , 1029; J.S.C.I. . 1916 , 102 . 

71 Chem. & Met. Eng., 1921, 1023. 
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catalyst, but a mixture of cottonseed oil and highly unsaturated kerosene, iodine 
number 55.2, purified by distillation over fine copper oxide yielded a semi-solid 
mixture of solid hydrogenated cottonseed oil and the kerosene practically 
unchanged. 22 

4910. Formation of Aromatic Hydrocarbons from Natural Gaa Condensates. David- 
son. Ja Natural gas was cracked in presence of metals. Nickel, iron and cobalt markedly 
accelerated the production of carbon and hydrogen, and hindered the formation of aromatic 
hydrocarbons. 


Processes Introducing Steam 

4911. In the cracking process of Valpy and Lucas, 24 steam is superheated to a tempera- 
ture slightly below the cracking-point and is sprayed into the oil in a still. The mixture of oil, 
vapor and steam is passed through heated catalyzing tubes of nickel, which may be packed 
with catalysing material, and then to a coil in the oil still where the heat of the cracked 
vapor is utilizod for heating the oil. The catalysing tubes may be heated electrically, or by 
an oil burner. 26 

4919. A modification of this method of cracking oil of Valpy and Lucas, 2 * consists in 
removing oil vapor from a still by means of steam or an inert gas under pressure and bringing 
the mixture into contact with a heated catalyst, such as nickel or one of its alloys, or “ nickel 
suboxide " or oxide; the pressure of the mixture after leaving the catalysing chamber is 
reduced suddenly. The light oils produced are condensed. 27 

4913. A catalyst for cracking petroleum oils described by Lucas 23 is prepared by heating 
a mixture of oxides and oxalates of iron and nickel, chromium or cobalt to a sintering temper- 
ature with small amounts of carbon and aluminum, magnesium or cerium to reduce the metallic 
compounds. The metallic catalyst thus formed retains its efficiency in continued use for 
cracking oils for a considerable time. 

4914. A description by Ramage 22 may relate to a hydrogenation process. A hydrocarbon 
vapor similar to the lighter fractions of casing head gasoline is mixed with steam and the 
mixture is brought into contact with ferrous oxide at a temperature of 600° C. or higher, 
in order to form a fuel for internal-combustion engines. 10 

4915. Palmer 21 describes what is, primarily, an oxidation cracking process. Mention 
is made, incidentally, of the production of hydrogen from steam introduced and to the action 
of this hydrogen in saturating some unsaturated compounds. 

4916. According to Weaver 32 oil is passed through a pipe still, in which it is heated to 
370°, at about 2 atmospheres, into an expander, where heavy residues are removed, and a 
converter, in which it is mixed with steam and led at about 600° over ferric oxide. The oil 
cracks, and the unsaturated products take up hydrogen from the steam. The issuing vapors 
are rapidly cooled to 235° by treatment with fresh, uncracked oil, at which temperature most 
of the carbon present separates. The fresh oil and the high-boiling constituents of the 
cracked products are passed to the still. 33 

4917. Anti-knock Gasoline by Wade Process. 34 Gas-oil is atomised by steam at 350° F. 
176° C.) into a coil 120 ft. long which is maintained at 1250° F. (676° C.); at the end of this 
the vapors come in contact with a nickel chromium catalyst, dissociation and recombination 
take place with the production of a gasoline ( M Wadolene") which has anti-knock properties 
and is stated to be free from sulphur. 

22 /. Am. Chem. Soc. t 1918, 842. 

23 J. Ind. Eng. Chem., 1918, 10, 901. 

24 Brit. Pats. 20,470, Sept. 10, 1913, and 2838, Feb. 3, 1914. 

23 J.S.C.I ., 1915, 71. 

2 * Brit. Pats. 12,653, May 22, and 18,923, Aug. 21. 1914. 

27 J.S.C.I ., 1915, 707. 

28 U. S. Pat. 1,168,404, Jan. 18. 1916. 

22 U. S. Pat. 1,687,890, Oct. 16, 1928, to Ramage (assigned to Gym Process Co.). 

30 Chem. Abst., 1929, 23, 274. 

31 U. S. Pat. 1,699,627, Jan. 22, 1929. 

32 U. S. Pat. 1,601,786, Oct. 5, 1926, assigned to Oil Products Co. 

33 Brit. Chem. Abst., 1927, B6. 

34 Refiner, 1926, 5, No. 11, 24; Petrol. Times, 1926, 16, 94; Chem. Abst., 1927, 21, 2378. 
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4918. Coast mixes petroleum oil, natural gas and steam and subjects the mixture to 
pressure at a cracking heat. By mixing the steam and gas with the oil, a much "sweeter*' 
and better product (gasoline) is obtained and the yields are found to be improved. 3 * 

4919. Zeraing passes a mixture of heavy petroleum and water (1 part water to 6 to 10 
parts oil) first through a heater to raise the temperature of the mixture to 300° to 400° C., 
then through tubes at a dull red heat, condenses and passes the gases from the condensers 
under pressure into a body of petroleum at ordinary temperature, from which gasoline is 
subsequently recovered by distillation. 1 * 

4919A. Stone **• claims to obtain a gasoline mixture including benzol and toluol by heating 
heavy oil and water under pressure at about 315° C. in presence of a nickel-chromium catalyst. 

4920. It seems doubtful if, in the processes next to be mentioned, the function of the 
metallic oxides is exclusively catalytic. Porges and Stransky increase the volatility of hydro- 
carbons in the following way: the vapors of the latter, mixed with steam, at a temperature 
below 600°, are brought into contact with metallic oxides such as the oxides of lead and nickel 
which function as catalyzers. A portion of the hydrocarbon is converted into carbon dioxide 
by reduction of the metallic oxide which is regenerated by means of air or oxygen. 37 

4921. A process and apparatus for converting heavy into light hydrocarbons is described 
by Porges, Stransky and Strache. A mixture of the vaporized oil and steam is passed over 
a catalyst (iron oxide or oxide of another metal capable of forming several oxides), which is 
heated to 500° to 600° C., and light products are formed. When the hydrocarbons begin to 
diminish the catalyst is regenerated by heating it in a current of air or oxygen. 39 

4922. Hydrogenation and Cracking: Steam and Hydrocarbon Over Coke." 

The Forwood and Tapley process is for hydrogenation and cracking of hydro- 
carbon oils for the production of motor spirit by processes in which the hydro- 
carbon vapors mixed with steam are passed over heated carbon, such as charcoal 
derived from wood-peat or other vegetable or animal matter. The invention 
consists in treating paraffin oil, boiling 140°-320°, at temperatures of 550°-600°; 
kerosene, boiling 180°-350°, at 600°-630°; solar oil, boiling 230°-370°, at 
650°-700°; creosote oil, boiling 180°-270°, at 650°-750°; anthracene oil, boil- 
ing 270°-400°, at 750°-800°; and heavy paraffin oils, used as fuel, at 850°-950 o .‘° 

4933. Gyro Vapor Phase Cracking. According to Osteretrom 41 in the Gyro process as 
worked at Cabin Creek, W r est Virginia, the hydrocarbon vapors, mixed with steam, pass 
through tubes at 2000° F. (1093° C.) and here come into contact with axially placed masses 
of iron oxide imbedded in concrete. Osterstrom surmises that the hydrogen from the dissoci- 
ated 8 team may form new compounds with the unsaturated products of cracking. It would 
be surprising if it were so, for at such temperatures one would expect dehydrogenation to 
prevail. 4 * 

4924. Cracking and Hydrogenation of Shale Oil. Forwood’s process 43 for the cracking and 
hydrogenation of hydrocarbon oils has practicable application to the treatment of shale oils. 
When shale is distilled for the recovery of hydrocarbon oils the spent shale is still carbona- 
ceous, the carbon content being in the form of actual carbon or, at any rate, capable of decom- 
posing steam at the right temperature. If, therefore, steam and hydrocarbon vapors are 
passed over tho spent shale at 550° C. to 600° C., the hydrocarbon vapors are cracked, hydro- 
gen-containing gases are formed, and these, reacting with the unsaturated constituents of the 

3S U. S. Pat. 1,252,401, Jan. 8, 1918. 

*• U. S. Pat. 1,183.266, May 16, 1916. 

**• French Pat., 495.794. July 11, 1919. 

17 Ital. Pat. 142,453, May 30, 1914; Chem. Abst., 1915, 2814. 

38 Brit. Pat. 11,420, May 8, 1914; cf. U. S. Pat. 1,205,578, Nov. 21, 1916, to Strache and 
Porges. 

38 Brit. Pat. 145,198, Apr. 16, 1919 to Forwood and Tapley. 

40 Chem. Abst., 1920, 3153. The process is stated in general form in Brit. Pat. 133,059, 
Dec. 12, 1916, to the same patentees; also in U. S. Pat. 1,440,286, Dec. 26, 1922, to Forwood. 

41 OX and Gas Jour., 1928, 226. 

43 A modification of the Gyro cracking process is in operation at Newark, Ohio. 

43 U. S. Pat. 1,523,942, Jan. 20, 1925. 



MINERAL OILS UNDER LOW OR MODERATE PRESSURE 593 

hydrocarbon mixture will hydrogenate the latter. Apparently the hydrogenation takes place 
either because the hydrogen is nascent, or because the spent shale acts catalytically, or for 
both these reasons. 

4995 . The process may be divided, that is, it may be one of simple hydrogenation, or 
of combined cracking and hydrogenation, or, again, of combined distillation, cracking and 
hydrogenation. The simple hydrogenation is usually conducted as follows: a retort (usually, 
but not necessarily vertical) is filled with spent shale and the shale is heated to 450°-600° C. 
Superheated steam and oil of 150° C. maximum boiling-point, are admitted at the top and 
the products — oil, excess steam and gas — removed by a pipe at the bottom. The oil, etc., 
pass through condensers and washers. A door is provided in the retort whereby, from time 
to time, the exhausted mineral residue of the shale may be removed. A comparison of the 
liquid product with the original oil is given in the following table: 


Oil before Hydrogenation. Began to 

Oil after Hydrogenation. Began to 

distil at 63° C. 

distil at 18° C. 

Distilling, Degrees C. 

Volume, Per Cent 

Distilling, Degrees C. 

Volume, Per Cent 

Below 100 

7.0 

Below 100 

20.5 

Below 110 

17.0 

Below 110 

39.0 

Below 120 

37.0 

Below 120 

55.5 

Below 130 

64.5 

Below 130 

77.5 

Below 140 

82 0 

Below 140 

89.5 

Below 150 

100.0 

Below 150 

100.0 

Hydrocarbons 

Volume, Per Cent 

Hydrocar bons 

Volume, Per Cent 

Unsaturated 

62 

Unsaturated 

17 

Ammafir . . 

27 

Aromatic 

47 

Paraffin . . 

11 

Paraffin 

26 




The scrubbed permanent gas may be used to heat the retort. 

4996 . In carrying out the combined cracking and hydrogenation process a vertical retort 
is filled with broken, spent shale and heated to 600° C. Crude shale oil, boiling between 
1R0° and 220° C. is passed, with excess of superheated steam, upwards through the shale. 
The products passing out at the top are condensed, scrubbed, etc., as usual. A comparison 
between the liquid product and the original oil is shown in the following table. 


Oil before Hydrogenation. Began to 

Oil after Hydrogenation. Began to 

distil at 150° C. 

distil at 32° C. 

Distilling, Degrees C. 

Volume, Per Cent 

Distilling, Degrees C. 

Volume, Per Cent 

Below 150 

None 

Below 100 

5.0 



Below 110 

8.0 



Below 120 

10.0 



Below 130 

30.0 



Below 140 

60.0 



Below 150 

96.0 

Below 180 

100.0 

Above 150 

4.0 

Hydrocarbons 

Volume, Per Cent 

Hydrocarbons 

Volume, Per Cent 

TTnaaturated . . 

69 

Unsaturated 

24 

Aromatic . 

21 

Aromatic 

38 

Paraffin 

10 

Paraffin 

38 
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4917 . Tho third method, combining distillation of the crude shale, cracking and hydro- 
genation in one operation involves a modification in the construction of the retort. There 
must be a door at the top for charging fresh shale and another, at the bottom, for removing 
exhausted shale. The upper part of the retort is heated to 400° C. and the lower part to 
600° C. Near tho top, or somewhat lower, superheated steam is admitted. This mixing 
with tho steam and hydrocarbon vapors distilling from the fresh shale is carried down to 
the cracking and hydrogenating xone as before. The table shows the difference between 
straight shale oil and that produced by the third method. 


(a) Shale Oil produced during an ordinary 
Retorting of the Shale at about 420°-450° 
C. Bogan to distil at 70° C. 

(6) Oil produced during the Retorting of tho 
Shale at about 420° C. t and subsequent 
Cracking and Hydrogenating at about 
580°-600° C. Began to Distil at 38° C. 

Distilling, Degrees C. 

Volume, Per Cent 

Distilling, Degrees C. 

Volume, Per Cent 

Below 100 

1.0 

Below 100 

18.0 

Below 110 

1.5 

Below 110 

29.5 

Below 120 

2.0 

Below 120 

39.5 

Below 130 

2.5 

Below 130 

53.0 

Below 140 

3.0 

Below 140 

71.0 

Below 150 

3.5 

Below 150 

86.0 

Below 100 

4.0 

Below 160 

91.0 

Below 170 

9.5 

Below 170 

93.0 

Below 180 

13.5 

Below 180 

95.0 

Below 190 

19.0 

Below 190 

97.5 

Below 200 

23.0 

Above 200 (pitch) 

1.0 

Below 210 

27.0 



Below 220 

27.5 



Below 230 

30.0 



Below 240 

32.0 



Below 250 

35.0 



Below 260 

39.0 



Below 270 

42.0 



Below 280 

46.0 



Below 290 

50 0 



Below 300 

64.0 



Below 310 

61.0 



Below 320 

64.0 



Below 330 

66.0 



Below 340 

67.0 



Below 350 

76.5 




Note.— T he residue of 23.5 per cent distilling above 350° C. was pitch. 


(a) Shale Oil produced during an ordinary 
Retorting of tho Shale at about 420°- 
450° C. 

(6) Oil produced during the Retorting of the 
Shale at about 420° C., and subsequent 
Cracking and Hydrogenating at about 
580°-600° C. 

Hydrocarbons 

Volume, Per Cent 

Hydrocarbons 

Volume, Per Cent 

Unsaturated 

66 

Unsaturated 

9 

Aromatic 

12 

Aromatic . . 

40 

Paraffin 

22 

Paraffin 

61 
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4928 . White 44 describes a process which is rather a decarbonization than a primary 
hydrogenation. The oil or residue, with or without preliminary distillation, is distributed 
in a liquid state, and without the addition of steam, on to the surface of quicklime which 
has been heated to 500°-600° C. in a retort or chamber. The vapors of lower boiling-point 
thus produced may be drawn off by suction and fractionated. Crude paraffin oil thus treated 
yields 20 to 25 per cent of hydrocarbons with flash-point and boiling-point similar to those of 
gasoline. The lime may bo regenerated by burning off the deposit of carbon. 45 

4929. Sabatier and Mailhe, 44 in an essentially decarbonization process, pass oil vapors 
over a catalyst at temperatures between 400° and dark red heat. They prepare the catalyst of 
finely divided metal or metals, or metallic oxides or salts that can be reduced to form divided 
metal, together with neutral refractory substances free from silica and an agglutinant free 
from silica. Suitable refractory materials are magnesia, alumina, bauxite, lime, baryta, 
strontia, or the corresponding carbonate, or graphite. Suitable agglutinants are glue, dextrin 
and starch. Examples of such compounds comprise: (1) iron filings, magnesium oxide and 
dextrin; (2) oxide of iron, magnesium, bauxite and glue; (3) finely divided iron, alumina and 
dextrin. The resulting compounds are moulded and dried and packed into cracking tubes 
composed of metal or earthenware lined with a non-siliceous coating. When the catalyst 
loses its activity by reason of the deposition of carbon, it is revivified by the passage of steam, 
a gaseous mixture of hydrogen, carbon monoxide and carbon dioxide being produced. This 
gas can be utilized as a reducing agent or fuol, the carbon dioxide being removed by washing 
if necessary. The metallic oxide formed by the steam, and the oxide used in making the 
catalyst initially, are reduced to metal by means of hydrocarbon vapors. The volatile por- 
tion of the products of the cracking operation, namely, that distilling below 150°, is treated 
for the removal of the malodorous unsaturated compounds by reduction with hydrogen in 
the presence of finely divided metals at 150° to 300°. 

4930 . Tare and mineral oils are treated for the production of benzene, toluene, gasoline, 
etc., by heating them in a closed vessel under pressure and allowing the vapors formed to 
expand when the requisite temperature and pressure have been reached. In the case of 
tar, temperatures between 90° and 450° and pressures between 2 and 18 kg. per sq. cm. are 
used. The vapors obtained in one autoclave may be injected into a second autoclave con- 
taining tar or oil under a different pressure and temperature. The finely divided nascent 
carbon which separates acts as a catalyst, the nascent hydrogen also entering into reaction. 47 

4931 . Hall cracks oils for the manufacture of motor spirit by heating the vapors of the 
heavy hydrocarbons under pressure in the presence of a catalyst capable of affixing hydrogen 
to hydrocarbons, then allowing the vapors to expand and deposit carbon, and finally con- 
densing the vapors with or without preliminary dephlegmation or subsequent distillation. 
The operation may be conducted under a pressure of 5 atmospheres and at a temperature of 
600° and upwards. Gas-oil treated in this way yields 50 to 70 per cent of oil of sp. gr. 0.765 
suitable for gasoline engines. Metals such as nickel, cobalt, silver, palladium, chromium 
or manganese, or their oxides, may be used as catalysts. In one form of apparatus the oil 
passes through a preheater into a converter consisting of tubes containing cylindrical nickel 
rods, and the products escape through a reducing- valve into an expansion chamber, fitted 
with a metallic gauze screen and thence to a condenser. The unsaturated materials formed 
during the process are claimed to be saturated with hydrogen which is derived from the oil 
itself. No water, steam, hydrogen or outside source of hydrogen is used. 48 

4932 . By another modification of the Hall process motor spirit is produced by passing 
a kerosene fraction boiling up to about 220°, from which the gasoline has been removed, 
between minute interstices under very high pressure, such as 1000 to 3000 lb. per sq. in., 
in the presence of hydrogen, coal gas, or other gas containing free hydrogen or a hydrocarbon 
gas such as ethylene or oil gas, and at a temperature not above the lowest boiling-point of the 
liquid, e.g., 100° to 120°. Combination of the gas and oil is said to take place. Suitable 
apparatus comprises a series of discs or plugs, preferably nickel between or through which the 
liquid is forced. The discs or plugs may be scratched to form fine grooves. 4 ® 

44 Brit. Pat. 5,434, Mar. 3, 1914. 44 1915 , 651. 

44 Brit. Pat. 16,791, July 14, 1914; Ckem. Abst., 1916, 273; U. S. Pat. 1,152,765; Chem. 
Abet., 1915, 2814. 

47 Brit. Pat. 9,728, July 3. 1915; Chem. Abst., 1917, 95. 

44 Brit. Pat. 17,121. July 25, 1913; J.S.C.I . , 1914, 1149; cf. U. S. Pat. 1,261,930, Apr. 9, 
1918: Chem. Abst., 1918, 1597. 

49 Brit. Pat. 103,720. Mar. 4 , 1916; Chem. Abst., 1917 , 2042; cf. French Pat. 481,066. 
Feb. 25, 1916. 
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4933. In a paper by Hall on the cracking of oils read before "The Institution of Petroleum 
Technologists," 1914, the utility of steam os a source of hydrogen in cracking processes 
involving passing oil through heated tubes, is discussed by Hall, who states : "As far as any 
advantage from tho use of water os a hydrogenating agent is concerned, I am sure it is nil, 
whether with or without a catalytic combiner, and I have operated fair-sired apparatus 
for weeks with nickel and other so-called catalyzers, first with and then without water, and 
we could never notice any material difference. If hydrogen without oxygen is utilized, 
better results are obtained, but the expense appears to be prohibitive. With nickel rods 
in the tubes, and with water used with the oil, I have found the rods so heavily coated after 
a six- or eight-hour run, that the coating could only bo removed by buffing. It was impossible 
in any way to wipe it off. Tho substitution of copper for nickel rods gave equally good 
results. In large tubes, 1 in. or more, water in excess of 8 per cent or 10 per cent is utterly 
impracticable, if the process is conducted under pressure, and at any rate of feed that would 
be commercially economical, as no uniform pressures can be maintained." 

4934. Hall further states that the admixture of water or steam with the oil during crack- 
ing neither prevents decomposition of carbon nor promotes hydrogenation of the unsaturated 
hydrocarbons. The latter, in large proportion, are objectionable in cracked spirit mainly 
bocause of the resinous carbon colloid with which they are usually associated and which, 
by oxidation, tends to form a varnish-like product detrimental to the working of motor engines. 
Owing to the combination effected in the compressor between the condensable vapor and 
the fixed gases, tho spirit obtained by Hall's method is stated to be largely free from this 
objection. 60 

4935. Tostolin and Renard have proposed an apparatus for making volatile hydrocarbons 
from potroleum in tho use of which the oil is passed under high pressure over refractory 
material such as clay which is maintained at a rod heat. Steam is introduced with the 
oil. 61 

4936. Moeller and Woltereck crack heavy oils by mixing their vapors with highly super- 
heated steam at substantially atmospheric pressure and passing the mixture over coke at a 
dull rod boat (000° to 800°). Tho sulphur present in tho oil is at the same time converted 
into hydrogen sulphide and is thus removed from the oil. The steam is superheated to 
700° to 800° in an apparatus which allows the steam to expand while it is being heated. 61 

4937. In the treatment of hydrocarbons with superheated steam Hausmann and Pilat u 
recommend as catalyzers tho oxides of iron, lead, cerium and manganese, also iron sulphate 
and calcium manganito. Lamplough 64 proposes to effect reaction between petroleum oil 
and water by passing a mixture of tho vapors of these bodies over rods of metallic nickel 
while subjecting the vapors to a pressure and to a temperature approaching a dull red heat. 
From 20 to 60 parts of water are used to 100 parts of oil. Dibdin and Woltereck 66 bring a 
mixture of superheated steam and petroleum oil into contact with iron, copper and other 
metals maintained at a bright orange heat to effect the simultaneous decomposition of the 
steam and hydrocarbon. They also montion (Brit. Pat. 26,666, 1905) the use of "proto- 
peroxide" of iron. 

4938. Oil-shale Treatment. Vandergrift’s process 68 consists in heating shale to vola- 
tilization temperature and then suddenly raising the temperature. The pyrobitumen is decom- 
posed yielding hydrocarbons which have a lower density than those obtained at the vaporizing 
temperature. The steam from the natural moisture of the shale decomposes and the hydrogen 
hydrogenates the unsaturated hydrocarbons. The hydrocarbon vapors, before leaving the 
retort, are exposed to tho catalytic action of a layer of incandescent spent shale; this takes 
up the excess of carbon. The final product has a high percentage of saturated hydrocarbons. 

4938A. Shale is heated in a l>ath of molten metal in tho presence of hydrogen, whereby 
fully-saturated petroleum products are obtained. Tho depth of the bath is such that the 
shalo and gases are subjected to pressure, the maximum pressure being exerted at tho bottom 
of the bath until the shale is decomposed. The spent materials are then released and allowed 

10 J. Inst. Petrol. Tech .. 1915, 1,147; J.S.C.I. . 1916, 296. 

61 U. S. Pat. 1,138,260, May 4, 1915; Chem. Abst ., 1915, 1689. 

61 Brit. Pat. 16,611, July 19, 1913; Chem. Abst., 1915, 148. 

81 Gor. Pat. 227,178, 1909. 

84 Brit. Pat. 19,702, 1912. 

86 Brit. Pat. 19.152, 1901. 

88 Can. Pat. 282,120, July 31, 1928, to The American Shale Reduction Co.; the apparatus 
is described in 282,110 of tho same date; Chem. Abst., 1928. SI, 3523. 
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to ascend quickly to the top of the bath; the resultant saturated hydrocarbon gases aro 
collected and condensable constituents condensed.* 6 * 

4938B. Light hydrocarbons are produced by the destructive hydrogenation of carbo- 
naceous material which has been extracted from tar sands. The light oil or the middlo oil 
from a previous hydrogenation forms a suitable solvent for the extraction, which is preferably 
carried out at temperatures above the normal. The middle oil produced may bo separately 
treated, either by destructive hydrogenation or by cracking, to produce a further quantity 
of light oil.* 64 

49 SBC. Pop ham* 4 * finds the presence of hydrogen advantageous when heating ground shale 
under pressure to obtain hydrocarbons of low boiling point. 

49S8D. Hydrogenation of shale oil can be carried out at 280-290° and 75 atmospheres 
in the presence of a nickel catalyst, or by nascent hydrogen produced from zinc and acid; 
in either case the yield of solid paraffins is considerably increased. 

4939. Lamplough 17 comments on the relative value of various catalysts employod in 
bringing about reaction between the vapors of oils and water. He states that burnt clay or 
aluminum silicate, which has frequently been recommended, is very slow in action and is 
open to the objection that the clay is apt to becomo cloggod by deposition of tarry masses 
which can be removed only with great difficulty. The use of iron as a catalyzer is stated to 
be open to the objection that if the water vapor is used in excess the iron will rust and become 
unsuitable for use. Nickel in the form of fine particles is similar to clay with respect to becom- 
ing coated with particles of tarry or carbonaceous matter. On the other hand nickel in tho 
form of a compact metal has been found by test to remain free of carbon deposits, while 
exhibiting the desired catalytic effect. 

4940 . Brooks 68 says that steam-iron processes for hydrogenating olefines 
and preventing deposition of carbon are inadequate. 


Desulphurization 

4941. Desulphurization by Hydrogenation. In a process for eliminating sulphur from 
oil, advanced by Evans, the oil is vaporized, mixed with 5 to 10 per cent of hydrogen, or with 
a gas containing hydrogen, and passed over a heated catalytic or contact substance such as 
nickel deposited on fire clay. Hydrogen sulphide is formed, and may be removed. If the 
oil cannot be distilled, it may be heated in contact with the catalyst while hydrogen is passed 
through or over it." 

4941. The removal of sulphur from petroleum is effected, according to Schiller, 60 by 
generating hydrogen in a nascent condition in the oil during tho distillation of the latter. 
It is claimed that sulphur is thus eliminated as hydrogen sulphide. Zinc dust and an alkaline 
hydrate, such as dry powdered caustic soda, are employed to generate hydrogen. These are 
added to the oil undergoing distillation. Huston 61 proposes to remove sulphur by heating 
the vapors of a sulphur-containing petroleum oil admixed with steam to a temperature of 
900° F. at which temperature it is said that the hydrogen of the water vapor unites with the 
sulphur, forming hydrogen sulphide. Hawes 61 employs the same reaction and brings a 
mixture of vapor of hydrocarbon and water into contact with gravel contained in a chamber 
which is heated to a temperature of 400° to 600° F. Dubbs 61 forces a gas rich in hydrogen 

“• Jenson, U. S. Pat. 1,734.970, Nov. 12. 1929; Brit. Chcm. Abst ., 1930, 48. 

** Rule, Watts, and Imp. Chem. Ind., Ltd., Brit. Pat. 317,346, May 11, 1928; Brit. 
Chem. Abst., 1939, 842B. 

** Ind. Chemist , 1929, 5, 269-72; Chem. Abst., 19*9, 5035. 

** Tanaka and Kobayashi, J. Fuel Soc. Japan , 1929, 8, 92-93; Bril. Chem. Abst., 1939, 
931B. 

67 U. 8. Pat. 1,229,098, Juno 5. 1917. 

16 J. Franklin Inst., 1915, 180, 653. 

"Brit. Pat. 22,147. Nov. 6, 1914; J.S.C.I., 1915, 2814. 

60 U. S. Pat. 580,652, Apr. 13, 1897. 

81 U. 8. Pat. 486.406, Nov. 15. 1892. 

w U. 8. Pat. 444,833, Jan. 30, 1891. 

M U. 8. Pat. 470,911, Mar. 15, 1892. 
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through oil in a still to remove sulphur as hydrogen sulphide. Stevens 84 claims steam reacts 
with the sulphur present in petroleum oils to form sulphurous acid, while the hydrogen thus 
liberated combines with the carbon of tho oil, resulting in an increased yield of light oil. See 
also Turner 65 and Noad. 88 Hall 87 uses “converting surfaces” of granite. Wilkinson 88 has 
specified the distillation of petroleum oils with hydrogen. 

4942 A. Another process 8R * consists in treating oil with ammonia and with or without a 
catalyst. Hydrogen sulphide which is formed is removed by means of sodium plumbite or 
sodium stannate. 

4943. Cracking and Hydrogenation at Atmospheric Pressure — Desulphurization. 80 Tars, 
mineral oils, etc., after elimination of sulphur, are treated with water vapor or hydrogen- 
containing gas in tho presence of activated hydrogenation catalysts at a temperature higher 
than that necessary for hydrogenation. Atmospheric or reduced pressure and temperatures 
of 250°-700° C. are suitable. The catalyst may bo iron, nickel, cobalt, copper, zinc, or their 
oxides or salts, and tho activating agent may be oxide of titanium, vanadium, chromium or 
manganese, or salts formod with the hydrogenation catalyst, o.g., copper chromate. 

4943A. Elimination of sulphur is effected by passing over metal oxides or by treating with 
hydrogen-containing gases in tho presence of activated hydrogenation catalysts formed from 
metals whoso sulphides are readily reducible. Thus, a mixture of hydrogen and gas-oil 
vapor is desulphurized by passing over a heated catalyst obtained by reducing with hydrogen 
a mixture of copper oxide and chromic anhydride. The oil is washed with caustic soda and 
passed, with water-vapor, over nickel activated by alumina and potassium nitrite. The prod- 
uct is a low-boiling oil. 70 

4943B. Purification of Gas Containing Sulphuretted Hydrogen. 70- Gases containing 
hydrogen sulphide, and preferably also ammonia, are purified by catalytic oxidation of tho 
hydrogen sulphide, the cAtalyst consisting of a heavy metal, preferably one capable of com- 
bining with sulphur, to which has been added up to 10 per cent of an alkali or alkaline-earth 
salt, or of lead, bismuth, copper, or their compounds. One or more oxygon-transferring 
metals, group IV, V, or VI (o.g., chromium, vanadium), may also be added. Tho sulphur 
dioxide is recovered in the form of a sulphite-bisulphite mixture by treatment with a suitable 
alkalino agent. 

4944. Hydrogenating and Desulphurizing Shale Oils. Bishop 71 treats oil-bearing mate- 
rials (e.g., shale) with steam and carbon monoxide at 450°-500° C. The resulting nascent 
hydrogen reacts with sulphur present and hydrogenates unsaturated hydrocarbons. 7 * 

4946. Bourdelles 71 has a process in which heavy hydrocarbons are vaporized or atom- 
ized with a largo volume of steam and heated, at approximately atmospheric pressure, to 
between 350° and 450° C. in tho presence of finely divided metals. This results in the desul- 
phurization and hydrogenation of the hydrocarbons with the production of lighter oils. 
Regeneration of the metals can bo effected in situ , by operation of valves, changing tho 
composition of tho gases. 

4946. Liquid Hydrocarbons: Hydrogenation and Desulphurization. 74 According to 
Maze, mixed steam and atomized oil are projected against a catalyst heated to 350°-450° C. 
Nascent hydrogen is produced and the oil is desulphurized and hydrogenated. The catalysts 
are iron, nickel, copper, cobalt, zinc, cadmium, vanadium, tungsten and carbon. By increas- 
ing the proportion of steam all the catalysts, except carbon, may be regenerated. 78 

4946A. The gases and vapors derived from the distillation of carbonaceous materials are 
passed successively through a purifier, a catalyst chamber, into which fresh hydrogenating 

84 U. S. Pat. 414,601, Nov. 5. 1889. 

85 U. S. Pat. 1,046,683, Dec. 10, 1912. 

88 U. S. Pat. 971,468, Sept. 27, 1910. 

87 U. S. Pat. 362,672, Nov. 8, 1887. 

88 U. S. Pat. 145,707, Dec. 16, 1873. 

French Pat., 575,598, April 24, 1924. 

89 1. G. Brit. Pat. 268,774. Mar. 30. 1927. 

70 Chcm. Age (London), 1927. 16, 559. 

70 - I. G. Farbenind. A.-G., Brit. Pat. 319,306, June 20, 1928; Brit. Chcm. Abst., 1929, 969B. 

71 U. S. Pat. 1,610,242, Dec. 14. 1926. 

7 * Chcm. Abst., 1927. 491. 

77 French Pat. 632,378, July 23. 1926, to Bourdelles. 

74 Brit. Pat. 263.381, Apr. 4. 1926. 

78 Brit. Chcm. Abst., 1927, 180B. 
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gas is continuously introduced, and a second purifier. The first purifier, which may be 
charged with a metal or metal oxide maintained at about 400°, retains all the inorganic 
sulphur and the major portion of tho organic sulphur; in the second purifier the enriched gases 
are freed from tho hydrogon sulphide which is liberated by the constant regeneration of 
the catalyst. A part of tho hydrogon set free in tho second purifier may 1 x> returned to tho 
cycle. If desired, the apparatus wherein the hydrocarbon vapors are condensed, or absorbed 
in wash oil or activated carbon, may be interposed between the catalyst chamber and the 
second purifier. 74 * 

4946 B. French Pat. 673,333 746 describee a catalytic cracking process in which steam and 
hydrogen or other reducing gas is added to the hydrocarbon vapors to cause a constant 
reactivation of the catalyst by elimination of sulphur and oxygen. 

4946C. Hydrocarbon fuels are obtained from the gaseous products of the distillation of 
carbonaceous material by passing the gas through purifiers to remove as much as possible of 
tho organic and inorganic slilphur compounds, then over hydrogenation catalysts and finally 
through purifiers to remove sulphuric acid formed in the catalytic apparatus. 74 * 

4947. Hydrocarbons are obtained from mineral oils, tars, or their distillation products, 
by treating the initial materials preferably in the liquid state with hydrogen or gases capable 
of liberating it, and preferably in the presence of catalysts and at such temperatures and 
pressures that sulphurized and oxygenated compounds are eliminated, then submitting tho 
products to cracking in tho absence of hydrogen and with or without catalysts. 78 


Various Hydrogenations 

4948. Franke claims that motor spirit is obtained from peat tar by distilling up to 320° 
and redistilling the distillate, preferably after it has been purified, up to 250°. The second 
distillation may be stopped at 170°, and the residue then heated up to 300° under pressure 
of 25 atmospheres in order to crack it. The cracking is accelerated by tho addition of a cata- 
lytic agent capable of recombining with the oil the hydrogen which is evolved in the cracking: 
pyrophoric metals, such as iron, nickel, chromium and platinum are suitable for this purpose. 
The product of the first distillation is purified by treatment with oxidizing or condensing 
agents, preceded by the usual acid and alkali treatment. The oil is first treated with sulphuric 
acid, then washed and treated with a solution of caustic soda and again washed. Finally air 
is blown through the heated oil until it clarifies. Instead of oxidizing the residual phenolic 
compounds by treatment with air, manganese dioxide and sulphuric acid, or peroxides, per- 
sulphates, or chlorates, may be used, or condensing agents such as zinc or aluminum may be 
employed. The resinified phenolic compounds are removed by filtration before the second 
distillation. 77 

4949. An apparatus for simultaneous 71 cracking and hydrogenation is specified by the 
I. G. in two forms. In one the oil is fed on to tho surface of a porous diaphragm through 
which the (presumably heated) hydrogenating gas passes from beneath the diaphragm 
up through tho oil and its vapors. In the second form the oil is brought in below and around 
an electric heater which is surrounded by a porous jacket through which the hydrogen reaches 
the oil. 7 * 

4950. A process vaguely reminiscent of that proposed by Brutzkus (para. 4700A) is 
described by Shore. 80 Oil such as crude petroleum is directed through the jacket of a com- 
pressor, then introduced together with hydrogon-bearing gases to a mechanically operating 
atomizer and tho vapor produced is passed to the compressor cylinder and heated by compres- 
sion; the highly heated vapor is then passed to expansion condensers. 81 

74# Comp. Intemat. pour la Fabr. des Essences et P6troles, Brit. Pat. 302,683, Dec. 5, 
1928; Brit. Chem. A6«/., 1930, 359B. 

744 Compagnio Intemationalo pour la Fabrication des Essences et P£*t roles, July 30, 1928; 
Chcm. Abat., 1930, 2284. 

74 * Compagnie Internationale pour la Fabrication des Essences et P6troles, French Pat. 
659.672, Dec. 20. 1927; Chem. Abat., 1929, 5306. 

78 I. G. Farbenind. A.-G., French Pat. 659,583. Aug. 28, 1928; Chem. Abat., 1929, 5312. 

77 Brit. Pat. 13,261, June 7, 1913. 

78 Brit. Pat. 272,539, June 11. 1926, by the I. G. 

78 Chem. Affe (London), 1927, 17, 173. 

80 U. S. Pat. 1,687,595, Oct. 16, 1928. 

81 Chem. Abat., 1929, 23 , 274. 
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4951. According to Rinker M the residue from the manufacture of oil gas may be treated 
directly with hydrogen to form new hydrocarbon compounds which are capable of further 
decomposition. 

4952. Oil drops into a pressure vessel upon a porous surface of powdered glass, quarts, 
clay, etc., through which hydrogenating gases rise. The reaction vessel is lined with an alloy 
of 10 per cent chromium, 2 per cent molybdenum, 10 per cent cobalt, and 75 per cent 
iron. 88 

4953. For the process described in the foregoing paragraph, horizontal rotating retorts 
with movable heating surfaces of nickel-chromium plates and containing balls of nickel- 
chromium are used. 84 

4954. Oils are cracked by electrically heated bodies, which are submerged in the liquid 
and kept in motion therein. The process may be carried out in the presence of hydrogen or 
other gases, and under any convenient pressure. Any carbon which is formed becomes 
suspended in the liquid and is removed subsequently by filtration. The heating bodies and 
containing vessels are preferably constructed of materials which, in contact with the oil, do 
not become charged with electricity of opposite sign to that on the carbon particles. 8 * 

4955. Cracking and Destructive Hydrogenation. Oils are cracked by heating them in a 
still by a heating device immersed in the liquid and exposed to intermittent or continuous 
blasts of gases supplied through a pipe. The heater is composed of a rod, spiral, or ribbon of 
metal or other conductive material, e.g., silicon carbide, graphite or charcoal, and is heated 
to at least 500° C. by electrical or other means. The gases may contain oxygen, hydrogen, 
or gases and vapor capable of giving off hydrogen but free from carbon. Brown coal tar 
pumped from a container and preheated in a vessel is passed through a pipe into the still 
which is heated externally to 350° C. The heater, consisting of a nickel-chromium ribbon, 
is raised to 750° C. by an electric current supplied through copper conductors and is treated 
with a blast of steam from the pipe. The vapors produced are condensed in a cooler while 
the gaseous products pass to a holder. Crude paraffin is treated in a similar manner. M 

4956. Van de Water and Sunderman describe a form of still for simultaneous cracking and 
hydrogenation of petroleum hydrocarbons. 88 * 

4956 A. Hydrocarbons such as mineral oils, tars, etc., are converted into products of low 
boiling point by cracking with or without the addition of hydrogen and under such conditions 
that a carbonaceous precipitate is formed without formation of much gas, and treating the 
products still charged with the formed deposit, preferably in the liquid state, with hydrogen 
or gases yielding it immediately afterward at a high temperature and under high pressure 
with or without catalysts. 88 * 

4957. Apparatus and system for catalytic hydrogenation of liquid hydrocarbons or other 
reactions between gases and liquids are described by Steen. 87 The gas is introduced into the 
liquid in two streams, one of which imparts circulation to the liquid, while the other traverses 
the liquid in a direction opposite to that of the circulation. The process may be carried out 
under gradually increasing pressure by supplying gas at a rate greater than that of its 
absorption. 88 

4958. Cracking and Hydrogenation with Simultaneously Produced Electrolytic Hydrogen. 
The Anderson apparatus 88 for cracking oils and hydrogenating the products embodies the 
following: a still, surmounted by a column; in each of these are nichrome coils which per- 
form a quadruple function, (1) the nichrome acts as a catalyst, (2) the coils acts as electrodes, 
(3) the coils rotate as agitators, (4) the current passing though the coils produces heat. In 
the still is introduced a mixture of oil and water which is maintained at 315°-425° C. This 
heat and the electrolytic effect of the current decompose the water, producing hydrogen and 
oxygen. The hydrogen saturates the products of cracking while the oxygen combines with 


88 Can. Pat. 182,104, Feb. 5. 1918; Chem. Abat., 1918, 763. 

88 Brit. Pat. 272,539, June 10. 1927. 

84 Brit. Pats. 272,194, May 23, 1927, 272,483 May 26, 1927. 

^Brit. Chem. Abat., 1928, 807B; Brit. Pat. 272,483, May 26, 1927, to I. G. Farbenind. 
A.-G. 

88 III. Off. J., Oct. 17, 1928; Brit. Pat. 295,974, to I. G. 

884 U. S. Pat. 1,575,663, Mar. 9, 1926, assigned to Petroleum Labs., Inc. 

884 1. G. Farbenind. A.-G., French Pat. 659,906, Sept. 3, 1928; Chem. Abat., 1929, 5312. 

87 Brit. Pat. 238,303, May 16, 1924. 

88 Chem. Abat., 1926, 20, 2066. 

88 U. S. Pat. 1,599,629, Sept. 14, 1926. 
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the carbon formed. The reactions are completed in the column, where a temperature of 
205°-315°C. is maintained. Natural gas may also be introduced to effect the hydrogenation.® 0 

4959. According to Carroll 91 crude oil is distilled in a tubular boiler connected to a ther- 
mostatically controlled dephlegmator from which the products remaining liquid pass to a 
cracking apparatus. Cracking is carried out in an atmosphere rich in free hydrogen, and is 
effected by causing the oil to flow in thin layers over the surfaces of metallic baths arrangod 
in the form of steps, successively larger or wider and raisod to a sufficiently high temperature 
to cause the liquid to assume the spheroidal state, in order to obtain a superheating of tho 
gaseous phase without corresponding superheating of the liquid phase. 91 

4960. In apparatus for splitting oils or obtaining oil gas by igniting a mixture of hydro- 
carbons and hydrogen in a chamber, the valves controlling respectively the admission of tho 
hydrocarbons through a pipe, the admission of hydrogen through a pipe, and the evacuation 
through pipes, of the carbon and gases produced, are interconnected so that the operation is 
repeated mechanically. The valves are opened by the rotation of cams fixed on a rotating 
rod, which also carries a cam which presses on a rod and thus operates a lever connected to 
the stem of the valve. The valves are normally held closed by springs. Correlation of tho 
action of the sparking device is obtained by means of a cam. 91 

4961. The following description mentions neither pressure nor any obvious catalyst. 
The modus operand i is not clear. Motor spirit is produced from petroleum or like hydro- 
carbons, hydrogen, and carbon monoxide by passing air and steam through incandescent 
coal, lignite, coke, or other solid fuel, conducting the mixed gases and undecomposed steam 
over scraps of tin plate, galvanised iron, copper-plated iron, or other two metals in close 
contact whereby further hydrogen is produced, and saturating the petroleum or other liquid 
hydrocarbon with the mixture. In practice the hot gases are led through a boiler to gen- 
erate the steam, then through a still to crack the contained crude petroleum or paraffin oil, 
and finally into the receiver of the condensed distillate. 94 It would be easier to understand 
if the hot mixed gases first passed through the petroleum and carried it as vapor to be cracked 
and hydrogenated over the metal scrap, or if the petroleum vapor in some other fashion were 
brought over the metal scrap at a cracking temperature, simultaneously with the other gases. 

4969. Heavy liquid hydrocarbons and hot hydrogen-containing gas are caused to flow 
in counter-current and in intimate contact under such conditions of temperature and pressure 
that chemical reaction takes place, the final products being lighter liquid hydrocarbons and 
a heavier gas containing gaseous hydrocarbons. 96 

4962 A. Converting Hydrocarbon Oils into Products of Lower Boiling Point. 96 * In effect- 
ing conversion by use of a still adapted to contain a body of oil and having a plurality of 
compressors connected in series and located within the oil, a fixed hydrogen containing gas, 
such as that from a producer, and oil vapors are compressed in successive stages sufficiently 
to cause boiling of the oil in the still. 

4962B. Destructive hydrogenation is carried out in a vertical pressure tower, the liquid 
being continuously agitated to give a thorough mixing with the hydrogen introduced at tho 
base of the tower. 916 

4962C. In treating suspensions of coal, tars and mineral oils with hydrogen tho material to 
be hydrogenated is kept in movement by means of dredgers, scrapers, paddles or tho like. 
The gas is led in through a largo number of small openings or nozzles under a pressure above 
that in tho apparatus. 96 * 

4963. Ammonia in Hydrogenation of Cracked Oil. 96 V. L. Oil Processes, Ltd., and Lucas 
describe an apparatus and a procedure for cracking mineral oils in which a small quantity of 

90 Brit. Chem. Abst .. 1920, 1004B. 

91 Brit. Pat. 284,345, Jan. 28, 1928, to Carrel. 

91 Brit. Chem. Abst. % 1928, 919B. 

91 Brit. Pat. 295,938 to Fechter and Burger, Aug. 20, 1927; III. Off. /., Oct. 17, 1928. 

94 Brit. Pat. 258,913, May 25, 1925, to Hirsch; Univ. Oil Prod. Co. Lxbr. Bull., Dec. 18, 
1926. 

96 U. S. Pat. 1,571.994 to Berry; Brit. Chem. Abst .. 1926, 352B. 

96 * Danckwardt, U. S. Pat., 1,742,165, Dec. 31. 1929; Chem. Abst., 1930, 1211; Brit. 
Chem. Abst., 1930, 358B. 

966 Synthetic Ammonia A Nitrates, Ltd., French Pat. 668,064, Jan. 28, 1929; Chem. 
Abst.. 1930, 1499. 

96 « I. G. Farbenind. A.-G., French Pat. 666,683, Oct. 30, 1928; Chem. Abst., 1930, 1204. 

" Brit. Pat. 244,875, Oct. 31, 1924. 
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ammonia gas is introduced into the cracking retort. This furnishes nascent hydrogen and 
thus aids in tho production of saturated compounds. The description is, however, mainly 
concerned with the cracking retorts and the processes of cracking and recovery of products. 

4964. A mixture of hydrocarbon material such as petroleum oil and hydrogen is forced 
through a conduit in which it is heated to about 540° under a maintained pressure of about 
150 lb. per sq. in.; about 80-85 per cent of the mixture is vaporized and the resulting gases, 
vapors and liquid are drawn off and recovered. 97 

4964A. A process described by Coultas ,7 * consists in passing a hydrocarbon oil through 
a furnace having a series of coils of gradually increasing temperature until a temperature of 
500° F. is reached. Hydrogen heated to about 1400° F. is then passed in and tho resulting 
mixture is fractionated. 

4964B. Apparatus for Hydrogenating and Cracking Oils from Shale. 975 A hydrogenator 
delivers directly to an " equilibrium chamber " below it, which has an outlet for lighter frac- 
tions through the hydrogenator and “ equilibrium chamber ” independent of the supply of 
fresh material. 

4965. Hydrogenation in the Arc. Hirt subjects petroleum oil to an electric arc in the 
presence of hydrogen under pressure. Oxygen or steam may be introduced to remove carbon 
deposits. 98 

4960A. Foster and Christen 9U give data on tho composition of the cracked gases, and of 
the distillation ranges of the cracked distillates obtained when mineral oil, through which a 
current of hydrogen is passed, and above the surface of which an electric arc is made to 
operate between electrodes formed of rods of either nickel or iron, is subjected to distillation. 

4966. Leffer regards hydrogen as inert when used in his cracking process and, since ho 
uses no catalyst and his pressures are moderate, the most that one could expect of molecular 
hydrogen is that it might somewhat depress dehydrogenation. In Loffer’s process 99 petro- 
leum is distilled under pressure while an inert gas is circulating through the oil. Hydrogen is 
mentioned as an eligible inert gas. 

4966A. Clark’s Continuous Process. 99 * A system of apparatus is described 
in which oil is heated under a pressure of at least 50 atmospheres in the presence 
of hydrogen; vapors and liquids produced are continuously withdrawn, and the 
liquids are continuously distilled in a plurality of distillation zones. Brit. Pat. 
304,797 relates to a process in which a fraction is distilled from the oil under low 
pressure, the residual oil is hydrogenated under high pressure and the hydro- 
genated product is returned to the distillation zone. 

4966B. Crude oil and bituminous material of not less than 20 per cent, volatile content 
are mixed in about equal proportions and heated at atmospheric pressure to 180° C. in a still 
provided with nickel or nickel plated stirrers. Low boiling constituents vaporize and are 
removed by condensation. The temperature is then raised to 320° C. and the pressure to 
200 lb. per sq. in and steam is admitted to assist the cracking and hydrogenation. Distillation 
is continued until the residue consists of a mixture of petroleum-pitch and coke, suitable for 
use as a fuel. 99 * 

4966C. Crude oils are cracked and the products are separated into light 
hydrocarbons and heavy hydrocarbons containing asphaltic products; the latter 
are then hydrogenated under a pressure of 50-200 atmospheres and at 750-950° F. 

97 U. S. Pat. 1,670,804, May 22, 1928, to Gomory, assigned to Leonard; Chem. Abst., 1928, 
22, 2461. 

• 7 * U. S. Pat. 1,628,532, May 10. 1927. 

979 T rumble, U. S. Pat. 1,725,320, Aug. 20, 1929; Chcm. Abst ., 1929, 4815. 

98 U. S. Pat. 1,250,879, Dec. 18, 1917. 

«• Z. Elcktrochem., 1930, 36, 17-20; Brit. Chcm. Abst., 1930, 403B. 

99 Brit. Pat. 2328, 1912. 

"• Clark (to Standard Oil Development Co.), Brit. Pat. 304,796, Jan. 26, 1928; Chem. 
Abst.. 1929. 4815. 

996 Cranston Brit. Pat. 322,167, Aug. 24, 1928. 
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and the gaseous products are separated while the liquid products are returned 
to the cracking stage. A preliminary hydrogenation may also precede the crack- 
ing of the oil. 99 * 

4966D. Hydrocarbons are obtained by treating carboniferous suspensions, 
tars, mineral oils, or their transformation products with hydrogen at high tem- 
perature and pressure, preferably in the presence of catalysts, in several steps, 
each step taking place under a pressure less than that of the preceding one. 99- 

4966E. When high-boiling oils are hydrogenated at 1000 atmospheres and 
at a high temperature products of intermediate boiling point are obtained. At 
200 atmospheres a larger proportion of light products is obtained, while at 20 
atmospheres gas, light products, and carbonaceous residue without products of 
intermediate boiling point are obtained. Hydrogenation of suspensions of coal 
tar, etc., in stages is therefore advocated. The initial material is first hydro- 
genated in the liquid phase at 200-1000 atmospheres. The intermediate oils 
produced are then treated at 20-50 atmospheres in the gaseous phase whereby 
benzine is formed exothermically; catalysts may be used. Thus a crude oil 
(40-50 per cent boiling above 350° C.) is treated with hydrogen at 200 atmos- 
pheres and 450° C. in the presence of a chromium-molybdenum catalyst. With- 
out any separation the product is expanded into a second chamber maintained 
at 20 atmospheres and 480° C. The mixture of gas and vapor obtained from 
the second chamber is cooled under pressure, and deposits a liquid consisting of 
benzine of high anti-knock value and about 25 per cent of kerosene (boiling 
point above 200° C.). Only a small proportion boils above 235° C., and there 
are no losses due to formation of gas and coke. Very heavy asphaltic oils are 
best treated in three stages at pressures of 1000, 200, and 20 atmospheres, 
respectively. 99 * 

4966F. Carbonaceous materials such as oils or coal suspensions are converted 
into hydrocarbons of low boiling point by intimate contact with hydrogen at 
high temperature and pressures in a reaction zone to which a portion of the 
treated material is returned after being withdrawn and reheated. Catalysts 
such as metal oxides are preferably used. 99 ' The reheating is effected in a coil 
through which the oil passes, preferably in admixture with both hydrogen and 
finely divided catalyst. 


Hydrogenation with Sulphides 

4967. Hydrogenation with Hydrogen Sulphide. 100 Oils and tars are cracked under 
their own pressure; the resulting vapors are partially condensed. The lighter fractions 
are subjected to hydrogenation. This is effected by passing tho vapors together with hydro- 
gen sulphide, into a tower packed with a metallic mass. The sulphuretted hydrogen, reacting 
with the metal, liberates nascent hydrogen, which hydrogenates tho cracked vapors. Two 

99f H&slara (to Standard Oil Development Co.), Brit. Pat. 314,871, July 3, 1928; Chem. 
Abat., 1930, 1498. 

I. G. Farbenind. A.-G.. French Pat. 659,584, Aug. 28, 1928; Chem. Abat., 1919, 5312. 

"• I. G. Farbenind. A.-G., Brit. Pat. 296,431, Aug. 8, 1928; Brit. Chem. Abat., 1919, 1041B. 

H/ Haslam and Russell (to Standard Oil Development Co.), Brit. Pat. 304,301, Jan. 19, 
1928; Chem. Abat, 1919, 4802. 

100 Brit. Pat. 267,776, July 20, 1926, to Soc. luxembourgeoiao des hydrocarburea, 8. A. 
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towers operate alternately. The cycle starts with the passage of hydrogen-rich gases over 
the metal sulphide at a temperature which causes the reduction of the sulphide. The sul- 
phuretted hydrogen thus produced is used as described. When the conversion of the metal 
to sulphide reaches the desired point, this tower is cut out of the hydrogenation circuit and 
usod for the production of sulphuretted hydrogen as before. 101 

4968 . To convert hydrocarbons of high boiling-points into products of low boiling-points, 
Rostin and Forwood suggest that a heavy hydrocarbon, in the form of vapor, lx? mixed with 
hydrogen sulphide and brought into contact with a substance such as heated copper capable 
of liberating the hydrogen of the hydrogen sulphide. The nascent hydrogen combines 
with the vapors of any unsaturated hydrocarbons produced. The copper sulphide arising 
from tho operation may bo treated with gases rich in hydrogen, forming hydrogen sulphide 
and copper. 10 ’ 

4969 . Oils from cracking, or destructive distillation, coal-gas, water-gas, or other liquid 
or gaseous hydrocarbon products are hydrogenated and purified by passage with hydrogen 
sulphide over iron which is, preferably, finely divided and freshly reduced. A temperature 
of 200°-300° C., is suitable for treating coal-gas or water-gas. When the iron is converted 
into sulphido tho flow is stopped and hydrogen or gases containing hydrogen are passed 
through tho material to re-form iron and hydrogen sulphide. 10 * 

4970 . According to WQrth 104 a mixture of hydrogen sulphido and (a) the products 
obtained from a cracking process or (6) hydrocarbon vapors is subjected to a process in which 
nascent hydrogen is liberated by tho thermal decomposition of the hydrogen sulphide. 105 



4971 . Tho use of sulphur to promote the cracking of heavier oils to yield lighter products 
such as naphtha or benzine is suggested by Day. 106 He states that, by adding sulphur or a 
sulphur compound to crude oils or distillates containing little or no sulphur, such oils can l>o 
more easily decomposed by heat under the proper pressure with the production of an increased 
yield of distillates lighter in specific gravity than those which would bo produced by tho 
ordinary process of simple distillation. It is also stated that the distilling operation may bo 
carried out in the presence of a hydrogen-containing gas and a catalytic agent or porous 
contact substance in the manner previously proposed by Day. The sulphur may be added 
to the oil in tho form of the sulphide of ammonium, sodium, iron or copper or as hydrogen 
sulphide. Sulphates are not applicable for use in this process. A perforated supply pipe, 
see Fig. 114, for admitting oil and gas is placed near tho bottom of tho still. Hydrogen and 

101 Chcm. Aqc (London), 1927, 16 , 401. This closely resembles the process described in 
U. S. Pat. 1,451,052, Apr. 10, 1923, to Rostin, Chcm. Abat ., 1923, 17 , 2048. 

101 Brit. Pat. 107,034, May 15, 1916; cf. Chcm. Abat., 1918, 1558; Dan. Pat. 22,824, 
Feb. 18, 1928. See also German Pat. 372,663, March 31, 1923, to Rostin. 

l0i Chcm. Abat.. 1929, 23,274; Brit. Pat. 286.255. Mar. 1, 1927. to Rostin. See also 
U. S. Pat. 1,732,111, Oct. 15. 1929; Chem. Abat., 1930 , 234. 

104 French Pat. 622.715 (a) and 622,716 (6), Oct. 9, 1925, to WQrth. 

104 Brit. Chem. Abat.. 1928 , 561B. 

106 U. 8. Pat. 1,221.698, Apr. 3, 1917. 



MINERAL OILS UNDER VARIOUS PRESSURES 


605 


hydrogen sulphide may be admitted at this point. Contact material in the tubes above 
the perforated pipe may be iron ‘*by hydrogen,” zinc dust, reduced nickel or cobalt, dry porous 
clays, spongy platinum, or palladium. Day states he has found that the cracking operation 
is greatly aided by passing a hydrogen-carrying gas or vapor, such as hydrogen sulphide, 
ammonia, illuminating gas, or water-gas, or steam through the oil and thence passing the 
commingled oil vapors and hydrogon from the space abovo the oil through porous abeorptivo 
contact material. A catalytic action here takes place, the hydrogen being combined with 
the previously unsaturated hydrocarbons, resulting in the production of oils having a lower 
specific gravity and lower boiling-point. 

4972 . As examples of the carrying out of this process, Day states that he placed 100 cc. 
of crude pctroloum in a retort, and first distilled off the distillate obtainable by the ordinary 
course of distillation obtaining on the average 3 per cent of distillate, distilling below 150° C., 
20 per cent of distillate distilling between 150° and 300° C., in the case of Mexican oil from 
well No 4 of the Potrero del Llano district, Mexico, Province of Vera Cruz, and determined 
that the distillates, even the 3 per cent of naphtha distilling below 150°, had a burnt and 
objectionable odor and would be characterized by more than 50 per cent of unsaturated 
hydrocarbons. With another portion of the same crude oil, the distillation was repeated, 
using 5 to 10 per cent of sulphur. The result was an increase up to from 7 to 10 per cent in 
the yield of naphtha and up to 30 to 35 per cent of burning oil, the distillate between 150° 
and 300° C., having a very marked improvement in the odor, as soon as the sulphuretted 
hydrogen accompanying these distillatos was removed by the addition of a dilute solution 
of soda. By the treatment of the first distillate obtained, without the addition of sulphur, 
with sulphuric acid it was impossible to obtain a water white oil; the distillate obtained with 
the use of sulphur was quite easily refined. Both samples were tested as to the content of 
unsaturated hydrocarbons, and it was found that the distillate between 150° and 300° C., 
by the ordinary process contained over 50 per cent of unsaturated hydrocarbons. The test 
was carried out by shaking the distillate for fifteen minutes with an equal volume of sulphuric 
acid of 1.84 gravity. This test when applied to the oil from the sulphur distillation, showed 
less than 20 per cent of unsaturated hydrocarbons. These experiments were carried out on a 
larger scale in iron stills in the laboratory of an oil-refining company with similar results. 

4973 . Rost in 107 heats mineral oils with hydrogon prepared by the passage of hydrogen 
sulphide over silver, which is preferably precipitated in a finely divided form on asbestos or 
pumice. The silver sulphide produced is readily reduced again by any gas mixture rich in 
hydrogen. Treatment of the oils with nascent hydrogen in this manner hydrogenates the 
unsaturated constituents, converting them into stable oils. 108 

4974 . French Pat. 633, 127, 109 describes the hydrogenation of hydrocarbons, especially 
cracked products, whereby they are treated with hydrogen sulphide in presence of alloys of 
copper with aluminum, zinc, bismuth, or iron. These metals interact with the hydrogen 
sulphide, producing nascent hydrogen. When the metal has been converted into sulphide, 
it is regenerated by treatment with hydrogen, or gases containing hydrogen, at a higher 
temperature. 

4975 . Carbonaceous materials are treated with hydrogen or with gases containing or 
yielding hydrogen at high temperature and pressure in the presence of hydrogen sulphide or 
materials yielding hydrogen sulphide and molybdenum or tungsten, or both, or their com- 
pounds. Activators such as boric acid and chromium compounds may be added. The 
products obtained are almost entirely saturated aliphatic, aromatic and hydroaromatic hydro- 
carbons free from compounds of oxygen, sulphur and nitrogen and are stated to be sufficiently 
pure for use as motor fuels, lubricants, etc., without further treatment. 110 

4976 . An apparatus for catalytic reactions and for regenerating catalysts is constructed 
so that hydrocarbon vapors are admitted to the catalyst through perforations or nozzles 
extending throughout the length of the boundary wall of the inlet passage surrounding or 
surrounded by the catalyst. The vapors may be treated with nascent hydrogen from 
injected hydrogen sulphide and metal oxide. 111 

107 French Pat. 603,101, July 10, 1925 to Rostin. 

108 Brit. Chem. Abst., 1928 , 807B. 

109 To Rostin. Aug. 4. 1926; Brit. Chem. Abst., 1930 , 359B. 

110 Holzverkohlungs-Ind. A.-G., Brit. Pat. 313,505, June 12, 1928; Chem. Abst ., 1930, 
1204. 

111 Brit. Pat. 317,719, Aug. 20, 1928, to Comp. Intemat. pour la Fabrication des Essences 
et PGtroles; Chem Abat. t 1930 , 2015. 
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HYDROGENATION OF MINERAL OILS (HI) INCLUDING 
LOW PRESSURE HYDROGENATIONS 

Other Catalytic Processes 

6000 . Day brought out a process in which ho treated hydrocarbon oils with hydrogen in 
the presence of what he terms a porous absorptive substance, mentioning palladium-black, 
platinum sponge, zinc dust, fuller’s earth and other clays. Figure 115 shows one method pro- 
posed by Day to this end. The upper chamber A is filled with hydrocarbon oil, and porous 



absorptive material, such as palladium-black, is introduced into the intermediate chamber C 
by way of the plugged orifice D. Any air present in C may be expelled by flushing out 
with hydrogen or an indifferent gas. Hydrogen is then admitted by the pipe U until the 
porous material has absorbed its full quota. The hydrogen gas may be admitted under a 
pressure of 100 lb. or more to the square inch. When the porous material in C has become 
properly charged with hydrogen, the oil is allowed to run from the chamber A through the 
chamlxjr C into the collecting chamlx»r E % hydrogen being introduced as required by the pipe H. 

6001 . In the place of hydrogen, Day states that ethylene or other hydrogen-carrying gas 
or vapor may be employed. By this treatment the disagreeable odor of hydrocarbon oils is 
in great part removed and the burning qualities of the oil improved. When palladium-black 
is used it is recommended that a proportion of one-half ounce to the gallon of oil be taken. 

6002 . Figure 116 shows a modification of Day’s process. A is an oil still, in the lower part 
of which the perforated pipe H serves for the admission of hydrogen. Palladium-black or 
other porous absorptive material forms a layer C , on a screen above the hydrogen inlet. O 
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shows the charge of oil. In operating this apparatus the layer of material C is Erst charged 
with hydrogen and then oil run into the still. Distillation is carried out while hydrogen gas is 
being forced through the absorptive material and oil. 1 

6003 . Sabatier and Mailhe 1 * recommend a two-stage method as follows: First stage: 
The vapors coming from solid or liquid hydrocarbons to be treated are directed against wires 
or metal blades rendered incandescent by an electric current. Tho liquid to be converted, or 
its vapor, is brought into contact with them either alone or mixed with hydrogen or any gas 
rich in hydrogen. Wires of various metals can be employed, either platinum or metal of the 
platinum series, iron, copper, cobalt, tantalum or any wires that can be rendered incandescent 
by an electric current of any kind, or wires covered with catalyzing metals or oxides, such as 
oxides of thorium, zirconium, uranium, titanic acid or mixtures of these oxides. Tho tempera- 
ture of tho wires is raised by the passage of electric current from 300° to dark or bright rod. 
The dissociation of hydrocarbon products into more volatile hydrocarbon bodies is the more 
complete, tho greater the length of contact of the wires, or the surfaco of tho catalyzing metals, 
or catalyzing oxides heated by wires through which an electric current is passing. The out- 
put of volatile liquid products and of gas is the greater, the higher tho temperature. At the 
outlet of the apparatus in which tho kerosene or heavy petroleum oils have boon exposed to 
the catalytic action, condensing apparatus is provided to cool the products of the reaction 
which compriso: 1. Hydrocarbon gases mixed with hydrogen, which can bo utilized cither 
directly for heating and lighting, or for explosion engines, or as compressed gases for lighting 
or for the manufacture of hydrogen by destructive distillation. 2. Liquid hydrocarbons dis- 
tilling below 150°, containing non-saturatod oxidizablo hydrocarbons which are treated in tho 
socond stage. 3. Liquid hydrocarbons distilling between 150° and 300°, which can either be 
mixed again with the original raw material, in order to be submitted to a new treatment, or 
submitted to the action of the second stage in order to render them suitable for lighting pur- 
poses. 4. Liquid or solid products which do not distil under 300°, and which must be mixed 
again with the original raw material, in order to be submitted to a now treatment. 5. Solid 
carbon substances which are separated. 

6004 . Second stage: The liquids which are volatile under 150°, as well as those which distil 
between 150° and 300°, aro constituted for the greater part of non-saturated oxidizable hydro- 
carbons, which can be utilized immediately for explosion engines, lighting, etc., or converted 
into saturated hydrocarbons which are practically non-oxidizable in the air, by direct hydro- 
genation of their vapors by means of divided nickel or similar metals. In order to carry out 
this second stage, hydrogenation may bo effoctcd by using, in placo of divided nickel or similar 
metals, a nickel wire, blade or tube arranged in the form of a spiral or network, heated to a 
temperature between 200° and 350° C. by the passage of an electric current. Cobalt, copper, 
iron, platinum, or metals of tho platinum series may be similarly employed. Divided nickel, 
copper, cobalt, iron, obtained by the reduction of their oxides; platinum in its various forms, 
or metals of tho platinum group, supported on a metallic conductor also are recommended. 

6006 . Phillips and Bulteel s claim to convert mineral oils into oils of lower specific gravity 
by heating with hydrogen in tho presence of nickel or other catalytic agents. They state that 
tho mixture of oil, gas and catalyst may be blown into a heated cylinder and the jet given a 
gyratory motion either by means of a nozzle revolving about its axis or by injecting the mix- 
ture tangentially to tho periphery. In the latter case they state that the cylinder may have 
an axial core. 

6006 . Wallace 4 describes a process and apparatus for the cracking and hydrogenation of 
mineral oil. The oil is introduced as spray or vapor into a horizontal or inclined chamber. 
Hero it comes into contact with pieces of material (such as carbon, briquettes, firebrick, 
alumina) which may be coated with a catalyst (e.g., nickel). These fragments are in continu- 
ous motion in countercurrent to the gas and expose fresh surfaces of nctivity. Arrangement* 
are described for return of tho solid material to the cycle, with or without regeneration. The 

1 U. S. Pat. 826,089, July 17, 1906. Day took out U. S. Pat. 1.004.632. of Oct. 3, 1911, 
supplementing his earlier patent on the treatment of hydrocarbon oils with hydrogen. In 
the present instance tubes packed with catalyzer are placed in an oil still in such a manner 
that vapors from tho oil may pass through the catalyzer tube in conjunction with hydrogen 
while being superheated by exterior contact of the tubes with boiling oil. 

* U. S. Pat. 1,124,333, Jan. 12, 1915; Chan. Abst., 1916, 710. French Pat. 475,303, Feb. 4, 

1914; 1916,34. 

* Brit. Pat. 23,997, 1909. 

4 Brit. Pat. 255,159, Apr. 17, 1925; Brit. Chem. Abtt., 1926, 779B. 
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hydrogenation is effected by the introduction of hydrogen, steam or producer gas. In an 
earlier patent 4 * the same inventor claims to effect the hydrogenation or cracking by atomizing 
the oils (optionally with steam or hydrogenating gases) in proximity to a flame in the upper part 
of the reaction chamber which may bo filled with refractory material (optionally treated with 
a catalyst). The materials pass downwardly through the refractory filling and cracking or 
hydrogenation may be effected either under increased or reduced pressure. 4 

6007 . The hydrogenation of petroloum is carried out by Thompson in the following man- 
ner: A catalyzer is prepared by reducing the oxide, nitrate, carbonate, acetate or formate of 
nickel by hydrogen at a temperature of 320° to 350° C., for one-half to one hour. The cata- 
lyzer is added to the hydrocarbon which is heated in a cracking still and purified water-gas or 
pure hydrogen is passed through in large volume with strong pressure and agitation. The 
resulting mixture of gases and vapors is passed to condensers and the residual gases may Ixj 
used again, if considerable hydrogen is present. As the above method of making the cata- 
lyzer gives a pyrophoric product, the reduced material should bo mixed with oil and pumped 
to the still to avoid oxidation. Another method of preparing the catalyzer is to mix nickel 
formate with petroleum oil and pass the mixture into the still while injecting a strong current 
of water-gas. The passage of the gas through the oil serves to agitate the contents of tho 
receptacle and tho agitation may be further supplemented by a stirrer. Thompson states that 
the formate is decomposed, leaving the nickel in an almost colloidal state of fineness in the oil. 
An amount of catalyzer up to 2 per cent may be employed. Tho catalyzer is recovered from 
the still residue by washing with benzol. 7 * * 

6008 . A fuel suitable for use in automobile engines is obtained by Higgins and Preston • 
from heavy hydrocarbon oils by heating them in a converter under pressure to a temperature 
sufficient to volatilize the heaviest constituent of the oil, passing the vapors alone or with 
hydrogen gas over a catalyst, and condensing them in contact with the catalyst. The appara- 
tus comprises a converter fitted with a pressure-regulating valve which is kept closed until 
the requisite temperature is reached. After the valve is opened, tho vapors, together with 
hydrogen admitted into the converter, pass to a condenser which contains a cartridge of cata- 
lyst. The catalyst may consist of nickel oxide and pumice stone. Tho process may be applied 
to the treatment of shale oil, crude benzene, crude naphtha, crude tar oil, or paraffin oil, or to 
mixtures of crude benzene with crude naphtha, paraffin oil, or coal-tar oil. 

6009 . A process of making gasoline from heavier oils by cracking is described by Low.* 
In one form of this process the oil to be cracked is sprayed into contact with a heating ele- 
ment which may carry a catalytic body. Iron, nickel, cobalt and copper are mentioned for 
this purpose. The spraying operation may be carried out in a closed vessel in an atmosphere 
of hydrogen or blue water-gas. Under such conditions it is stated that unsaturatod com- 
pounds may be converted into saturated compounds. A hot nickel surface in a hydrogen- 
containing atmosphere is particularly advantageous in causing the formation of saturated 
gasoline from heavy oils projected against such surface. 

6010 . According to a process devised by Wells 10 directed to the production of gasoline 
from heavier petroleum products, oil vapors are conducted into a bath of molten lead, which 
is heated to about 480° to 540° C. and violently agitated by mechanical means at the moment 
of contact. 11 

Wells 11 also recommends the following cracking process: Preheated kerosene or a heav- 
ier petroleum oil is fed through a hot cracking chamber filled with jackstones coated with 
nickel or other catalyst and the crude gasoline thus formed is preferably refined by a further 
treatment with hydrogen and a catalyst at a temperature of about 240°. 

6011 . An apparatus for treating heavy oils and for hydrogenating the light oils produced 
has been devised by Brown. 11 The apparatus is shown in Fig. 117, in which a is a still or boiler 

4 Brit. Pat. 233,395, Feb. 1. 1924. 

•Cfcrm. Abst., 1926, 20 , 662. 

7 U. S. Pat. 1.160,670, Nov. 16, 1915. In 1914 the Badische Co. recommended the hydro- 

genation of cracked petroleum residues at 100° C. and 80 atmospheres with the aid of a 
nickel catalyst carrying a promoter. See para. 636, example 7, page 59, this volume. 

• Brit. Pat. 23,876, Dec. 10, 1914; Chem. Abtt., 1916 , 1594. 

• U. S. Pat. 1,192,653, July 25, 1916. 

10 U. S. Pat. 1,187,874, June 20. 1916. 

11 J.S.C.I. , 1916 , 883. 

11 U. S. Pat. 1,248,225, Nov. 27. 1917. 

11 U. 8. Pat. 1,225,569, May 8, 1917. 
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where the oil to be treated is placed. A pipe 6, which extends to the bottom of the still, is used 
for the introduction of hydrogen. The vapor produced by heating the oil is mingled with 
hydrogen and passes through a vertical conduit in which are mounted perforated nickel 
plates c l . These are supported by central rods c*. In the upward passage of this vapor and 
hydrogen, contact with the surface of the nickel is brought about and it is claimed that the 
catalytic action of nickel is thus utilized. The volatilo products obtained from the process 
are passed to a condenser. A water-cooling device g is placed 
about the conduit c in order to maintain the temperature 
sufficiently low to condense vapors of heavy oil, this con- 
densate being returned to the still or boiler. 

5012. Heavy oils, kerosenes and petroleum residues, are 
converted into gasoline and other volatile oils by distilling 
in a still in which hydrogen is injected into the oil by a pipe, 
and then passing the resulting mixture of oil vapor and hydro- 
gen over nickel plates, the operation being effected under a 
pressure, e.g., 5 to 10 atmospheres. The nickel plates consist 
of perforated discs held in position in a vertical pipe by a 
central rod. The vertical pipe may also be lined with nickel. 

A cooling-system surrounding this pipe insures the return of 
heavy oils to the still. 14 

6013. Gren6 15 describes an apparatus in which heavy oils 
(e.g., those obtained in berginization or distillation of coal) 
may be cracked and hydrogenated by passing them, with 
neutral gases, through heated tubes containing superposed 
layers of (a) non-metallic porous catalyst such as activated 
charcoal, (6) oxide of manganese or of tin, (c) porous catalyst 
similar to (a) and, (d) a hydrogenating catalyst, such as nickel. 

Blast furnace gases containing oxides of carbon may serve as 
neutral gases. The hydrogen may bo derived from decom- 
position of hydrogen sulphide formed from sulphur com- 
pounds in the oil, or may bo derived by reaction of tho oxides 
of carbon in the "neutral*’ gases with water vapor. 1 * 

5014. A process for improving tho quality of hydrocarbon 
oils is described by the Badischo Company. The oils are de- 
colorized and deodorized by treatment in the fluid condition 
with hydrogen, at not above 200° C., at atmospheric or in- 
creased pressure, and in the presence of a catalyst, such as 
nickel, iron, cobalt or copper, or mixtures of these. 17 

5015. Trautmann’s process (para. 4715) is applied to the cracking and hydrogenation of 
mineral oil. 17- 

5016. BIQmner’s process 11 is continuous. The liquid, mixed with a gas, e.g., hydrogen, 
is passed in a finely divided form through an externally heated bath of molten metal, and so 
brought into contact with catalysts contained as a finely divided filling or other suitable form 
in the melt. The process is especially suitable for bringing about chemical reactions between 
liquids and vapors or gases. 19 

5016A. In a process patented by Danckwardt 1# * carbon or carbonaceous material is 
forced together with hydrogen under high pressure through a quantity of molten metal 
hydroxide which is being electrolyzed, using finely divided nickel as the cathode and an 
anode consisting of an electrical conductor through or near which fixed hydrocarbon gas 
is injected. The carbonaceous material is allowed to escape into another vessel where the 

14 Dampierre, Brit. Pat. 109,796, Aug. 15, 1917; Chem. Abel., 1918, 222. French Pat. 
478,831, Feb. 22, 1915 and addition 20,331, Aug. 1, 1917; Chem . Abet., 1916, 10, 2297 and 1918, 
12 , 1121. 

11 Brit. Pat. 285,668, Mar. 21. 1927. 

11 Chem. Abet., 1929, 23, 274. 

17 French Pat. 472,776. May 28, 1914; J.3.C.I., 1915, 640. 

,T * Brit. Pat. 261,786, Nov. 11, 1926. 

11 Gor. Pat. 439,712, July 31. 1921; addition to Gor. Pat. 338,846. 

19 Bril. Chem. Abet., 1927, 695B. 

lu U. 8. Pat. 1,730,997, Oct. 8, 1929; Brit. Chem. Abet., 1929, 971B. 
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light hydrocarbons are separated from the heavier ones, the latter being returned with fixed 
carbonaceous material to the electrolyzer for re-treatment. 

5017. Copper permutit catalyst characterizes a process which includes hydrogenation. 10 
Crude mineral oil trickles down through a column lined with sheet cobalt and filled with the 
catalyst heated to 400° C. Hydrogen, or steam, is passed through in the same direction. 
The effluent vapor yields 20-30 per cent of liquid boiling up to 175° C. t while the effluent 
liquid, which is 70-80 per cent of the total, is an oil boiling up to 200° C. 11 

0018. Electrolytic Iron as Hydrogenation Catalyst for Hydrocarbons. The character- 
istic feature of Tom’s method 22 is the use of iron prepared by electrolysis of iron salt solutions 
with platinum electrodes as a catalyst in the hydrogenation of petroleum residues, heavy tar 
oils and asphalt. These materials are subjected to a temperature of 250° C. and a hydrogen 
pressure of 20 atmospheres for six hours. 

5019. A number of processes sponsored by Benxonaftene 11 deal with processes for succes- 
sive catalytio treatments of heavy mineral and fatty oils for the production of liquids analo- 
gous to petroleum or naphtha. The processes, though interesting, need not be detailed here 
because they are not hydrogenations. Ono device, however, is described which is of interest, 
vix., a method 14 for making and for applying an adherent catalyst. The catalytic material 
(e.g., iron oxide, cerium oxide, copper, iron, nickel) is mixed into a paste with sodium silicate 
and applied to the inner surface of reaction chamber (retort). 

5010. In a Pmd’homme process 26 vapors of hydrocarbon fractions, boiling-point below 
400° C., are treated above 180° C., with nickel oxide and copper oxide in succession to remove 
impurities, and are then passed with hydrogen, etc., first over a nickel catalyst and finally over 
active carbon. An oil distilling at 60°-220° C. is thus obtained. 16 

5011. Cleaning of Catalyst in situ: Prud’homme Process. 17 In the hydrogenation of 
heavy hydrocarbons, crude petroleum or the like, after gasification and purification, vapore 
of a solvent are introduced continuously or from time to time into the catalyzer to remove 
deposits which tend to cover the catalyst. The solvent may be the first runnings from the frac- 
tional distillation of the hydrocarbons collected by condensation from the catalyzer.* 

5011 A. Conversion of “ Oil Tar ” into Light Oils. Stephan iU gives an account of the 
“ Semo ” (Prud’homme) catalytic process for obtaining from coal, etc., treated by any low- 
temperature carbonization process, the maximum yield of light oils suitable for motor or 
aviation spirit. The catalyst vessels contain tubes charged with specially treated finely 
divided nickel and cobalt, and through these the purified gas, to which has been added 
" mixed " gas, water-gas, and residual gas from the catalyst vessels, is rapidly passed; the 
reaction temperature must not be allowed to exceed 230°. 

5011. Transformer Oils: Hydrogenation. Ferber 29 says that there is conclusive evidence 
that the deterioration of transformer oils with age is mainly due to the unsaturated com- 
pounds present. The practice has now been initiated of hydrogenating the oil to be used in 
transformers. The sulphur compounds are first removed by the usual acid and soda treat- 
ment followed by metallic sodium. Tho oil is then placed in an autoclave having either an 
agitator or a stirrer, and is heated with hydrogen at about 10 atmospheres pressure to 170°- 
200° C. (338°-392° F.) for two and one-half to three hours. A catalyst, preferably of nickel 
and copper, is used. A transformer oil hydrogenated in this way when exposed to the atmos- 
phere at 120° C. (248° F.) for two hundred hours changed to a clear yellow color with faint 
blue fluorescenco; no pitch or asphalt formed. 20 

20 Brit. Pat. 271,451, May 20. 1926, by tho I. G. 

11 Chem. Aye (London), 1927, 17, 115. 

12 Ger. Pat. 336,334. Dec. 24. 1918; J.S.C.I., 1921, 40, 651A. 

22 Brit. Pat. applications by Benzonaftene, 231,157, Mar. 24, 1924; 231,458, convention 
date Mar. 26, 1924; 231,459, same date; 231,460, same date; 231,461, convention date, Mar. 
28, 1924. 

24 See 231,458 and 231.459. 

24 U. S. Pat. 1,674,796, June 26, 1928, to Prud’hommo, assigned to Soc. internat. proc. 
Prud’homme. 

26 Brit. Chem. Abst., 1998, 779B. 

27 French Pat. 637,022, Oct. 26, 1926, to Prud’homme (assigned to Soc. internat. proc. 
Prud’homme). 

» Chem. Abst., 1929, 83, 698. 

Colliery Guardian, 1929, Dec. 6; Gas J. t 1930. 189, 92-93; Brit. Chem. Abst ., 1930, 173B. 

* Die MetallbOrse . Oct. 17, 1928, 2301. Petrol. Times, 1998, 898. 

20 Unix. Oil Prod. Co. Bulletin. 
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5012 A. Crude paraffin wax is treated at a temperature of 300°-400° C. and pressure of 
10-250 atmospheres with hydrogen or gases containing it, the conditions being such that 
little or no cracking takes place. A catalyst may be employed consisting of one or more 
oxides of the metals of groups 3, 4, or 6, together with iron, nickel, or cobalt, or their oxides 
as activators. Suitable catalysts include molybdic acid, mixtures of molybdenum trioxide, 
or dioxide with alumina, nickel oxide, zirconium oxide, chromic oxide, silica gel, or cerium 
oxide, or a mixture of al umin um and chromic oxides, or a mixture of zirconium oxide and 
chromic acid. 10 * 

5013. Refining Mineral Oil by Hydrogenation. According to Bullinger 11 mineral oils 
are treated with hydrogen at 10 atmospheres and 150°-300° C. in presence of nickel, deposited 
on an inert carrier, with or without cobalt, iron or copper. 

5014. In Clancy’s method 11 petroleum (crude or other) with hydrogen is led over a molten 
body containing sodium cyanide, then through a cracking retort filled with nickel packing. 

5024A. Low boiling point oils are obtained from those of higher boiling point by distilla- 
tion in contact with sodium cyanide or other suitable cyanide or cyanate in molten form. 
Hydrogenation of the vapors is effected by ammonia formed during the reaction; ammonia 
and other hydrogenating gases may also bo admitted from an extraneous source. Metallic 
catalysts such as iron, nickel or copper may be added. The cyanide is regenerated by heating 
it with the carbonaceous residues and an alkali carbonate, hydroxide or formate in the 
presence of nitrogenous gases. 1J * 

5024B. Mineral oils, tars, and their hydrogenation products are converted into hydro- 
carbons of low boiling point by subjecting them at 410-600° and in the presence of gases or 
vapors and of suitable catalysts, to the action of aldehydes or ketones which contain more 
than three atoms of carbon in the molecule.* 10 

5024 C. Mineral oils, tars, and hydrogenation products of these substances and of coal 
are distilled at 410-600°, under pressure, in the presence of amides, amines, with or without 
aldehydes or ketones which contain more than 3 atoms of carbon in the molecule; cracking 
is facilitated by the admixture of metals and their compounds capable of combining with 
aldehydes and ketones. A tar fraction, boiling point 200°, which was cracked at 600° with 
2 per cent of formamide, in a quartz column filled with pumice, yielded 31 per cent of products 
boiling below 200°. M * 

5024D. Cracking Hydrocarbons. 3U Mineral oils, tars, coal hydrogenation products, etc., 
are converted to hydrocarbons of low boiling point by heating them with compounds or 
mixtures of organic acids or substances yielding them and inorganic salts, preferably under 
pressure and in the presence of hydrogon. 

5025. The Scientific American u observes that an English company is securing a very 
large yield of gasoline from petroleum by catalytic hydrogenation. A tall still with a 
conical bottom reoeives a steady feed of petroleum and hydrogen gas under pressure. 
This mixture enters at the bottom and passes over finely divided nickel which catalytically 
brings about a reaction between the hydrogen and oil. Gasoline is formed which passes off 
as a vapor at the temperature of the still, while the heavier hydrocarbons formed fall back 
into the catalyst and react with hydrogen. Finally a tarry residue must be removed and the 
nickel regenerated. The issuing gases pass into a cooling chamber where the gasoline is 
condensed. The hydrogen unused up to that point is forced back and passed through the 
still once more. 

5026. Hydrogenating Hydrocarbons, etc. Ferric Chloride and Aluminum Chloride 
Catalysts. Kling and Florentin u state that light hydrocarbons are obtained from heavy or 
cyclic hydrocarbons by heating with hydrogen under pressure in the presence of a catalyst 


,0 * I. G. Farbenind. A.-G., Brit. Pat. 320,921, July 19, 1928; Chem. Aoe (London), 1929, 
628. 

* l Brit. Pat. 218,989, July 14, 1923, to Bullinger, el al. 

“ U. 8. Pat. 1,658,116, Feb. 7. 1928. 

“* Clancy. Brit. Pat. 304,421, Nov. 21, 1927; Chem. Abet., 1929, 4815. 

**I. G. Farbenind. A.-G., Brit. Pat. 315,991, July 7, 1928; Brit. Chem . Abet., 1929, 
843B; Chem. Abet., 1930, 1735. 

** I. G. Farbenind. A.-G., Brit. Pat. 320,421, July 7, 1928; Bril. Chem. Abet., 1929, 
1006B. 

* u I. G. Farbenind. A.-G., French Pat. 660,559, Sept. 18, 1928; Chem. Abet., 1930, 234. 
** May 23, 1914. 

u Brit Pat. 253,507, June 12, 1925, to Kling and Florentin, 
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furnishing addition or substitution products splitting at lower temperatures, e.g., at tempera- 
tures of 350°-460° C. f without formation of coke or tar. Carbon monoxide or hydrocarbon gas 
may be mixed with the hydrogen and chlorides or other halides of the alkaline earth metals and 
earth metals or “nitrated, hydroxyiated, and like derivatives’’ may be used as catalysts, 
for the hydrogenation of naphthalene, anthracene, cyclohexane and their derivatives, heavy 
tar oils, pitch, coal, colophony, asphalt and petroleum distillation residues. A mixture of 
ferric and aluminum chlorides may bo used in hydrogenating naphthalene to obtain a light 
oil distilling mostly at 100°-200° C. 88 

5027. Hydrogenation with Aluminum Chloride Catalyst. The hydrogen content of 
asphaltic petroleum oils is increased by heating with gas rich in hydrogen in the presence of 
aluminum chloride until the asphalt has practically disappeared.* 8 

5028. Cracked gasoline is improved by warming it with anhydrous aluminum chloride 
(without the possibility of distillation) and supplying gases rich in hydrogen to the reacting 
mixture. 17 

5028A. Hofmann and Wulff 87- describe a process which is carried out in the presence of 
a halide of boron or of an addition product thereof, e.g., (CjH*)jO-BF|. In the presence of 
such a catalyst only small amounts of gases such as methane or of carbon deposits are pro- 
duced. Owing to the catalysts being gases or liquids, a good distribution of them throughout 
the material is obtained. A crude mineral oil, boiling above 300°, in the presence of the 
catalyst (5 per cent) and hydrogen at 150 atmospheres and 380° gave a 75 per oent yield of 
oil boiling below 250° and 15 per cent of a highly viscous lubricating oil. With the double 
compound (10 per cent) at 400° and 1 atmosphere a yield of 60 per cent of light oil was 
obtained. 

5029. Sludging of Mineral Oils Prevented by Hydrogenation. Oil is made non-sludging 
by treating it with nascent hydrogen at a temperature so low that cracking does not take place. 
The sludge-forming constituents are reduced to compounds which do not produce sludge." 

5030. Moody " also describes a method of accomplishing the hydrogenation mentioned 
in the last paragraph. This consists in treating the oil with aluminum chloride (or salt 
having a similar action) and aluminum carbide (or other carbide which will cause the evolu- 
tion of hydrogen by interaction with the salt) at 120°-150° C. Higher temperatures cut down 
the reaction time, which at the temperatures mentioned is from two to five hours. A satisfac- 
tory proportion of salt and carbide is 5 per cent of each. The reagents should be intimately 
mixed with the oil. Preliminary purification with bone charcoal, fuller's earth, or similar 
clarifying agent is sometimes desirable. Molecular hydrogen may be introduced during the 
reaction to supplement the hydrogenation of the unsaturated bodies. 

5031. Treatment of Aluminum Chloride Sludges. In order to produce low-boiling oils 
from the chloride sludges formed by distilling high-boiling oils with aluminum chloride, the 
sludges are mingled with a molten mixture of sodium and sine chlorides in the presence of 
hydrogen while the molten mixture is circulated through a mass of nickel packing units, of 
which at least part are held at cracking temperature. 40 

5032. Recovery of Metallic Halides from Hydrocarbon Sludges. The sludge produced 
during the conversion of hydrocarbons in the presence of halides is subjected to simultaneous 
cracking and hydrogenation, whereby lighter saturated hydrocarbons are formed and the 
halide is liberated for further use. 41 

5033. Treating Crude Petroleum and Other Hydrocarbons to Increase the Tield of 
Lighter Products. The yield of gasoline from a crude petroleum is increased by adding gaso- 
line, distilling under a pressure of 10 atmospheres and a temperature of 100°-300° C., and 
subjecting the vapors to the action of a hydrogenating catalyst. 41 

5034. Melamid Process for Oils. In the application of the Melamid process to mineral 
oil, 48 the oil to be cracked is introduced in an atomized condition, together with hydrogen, 

11 Chem. Abat., 1927, 21, 2556; Cf. French Pat. 607,155, June 6, 1925. 

88 U. S. Pat. (to McAfee) 1,608,328, Nov. 23, 1926. 

87 U. S. Pat. (to McAfee) 1,608,329, Nov. 23, 1926. 

* 7 - Brit. Pat. 301,395. Nov. 27. 1928; Brit. Chem. Abat., 1930, 134B. 

* U. S. Pat. 1.472,882, Nov. 6, 1923, to Moody. 

* U. S. Pat. 1,601,406. Sept. 28. 1926. 

40 U. S. Pat. 1,620,075, Mar. 8, 1927, to Clancy. 

41 IJ. S. Pat. 1,582,131, Apr. 27, 1926, to Danner, assignor to Standard Oil Co. 

41 Brit. Pat. 206,121, Nov. 14. 1923, to Gane. 

48 Brit. Pat. 231, 190. Mar. 20, 1925. U. S. Pat. 1,723,431, Aug. 6, 1929; BriL Chem. 
Abat., 1919, 932B. C/. para. 4714. 
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into the reaction vessel, which contains a liquid contact substance such as molten tin at 
300°-400° C. (cf. Brit. Pat. 221,559). The temperature is so adjusted that the oils of lower boil- 
ing-point are cracked, while the fractions of higher boiling-point are withdrawn unchanged 
from the reaction vessel, thereby avoiding coke formation. 44 

5035. In another Melamid process the tar, mineral oil, etc., is dispersed in a mist with 
hydrogen and treated at a high temperature (e.g., 500° C. for crude petroleum) in presence 
of a catalyst which liquefies at that temperature and which does not form carbides. 44 

6036. Olefines and Diolefines. Olefines and diolefines are obtained by catalytio treat- 
ment in a vaporous state of paraffins, olefines or their mixtures at temperatures between 
500-800° C., using as catalyst lustrous carbon (glanzkohle) which is deposited from hydro- 
carbons at temperatures above 650°. It may advantageously be employed on carriers, such 
as difficultly reducible metal oxides, e.g., glucinum oxide, tricalcium phosphate, alumina, 
chromic oxide, active silica, natural or artificial silicates, quart*, porcelain or on metals, like 
copper or chromium. Suitable starting materials comprise cyclohexane, tetrahydro benzene, 
tetrahydronaphthalene, terpenes, naphthenes, Caucasian naphthas, crude mineral oils, con- 
version and cracking products thereof, products of the hydrogenation of carbonaceous sub- 
stances, benzenes, tars containing paraffinee, or mixtures of the above. The process may be 
carried out at ordinary or reduced pressures, and preferably in the presence of diluents, com- 
prising gases and vapors, which do not react with the substances taking part at the temperature 
of reaction, such as water vapor, nitrogen, carbon dioxide, methane, etc. Further treatment 
of the reaction product may consist in fractional distillation under pressure. 44 * 

5037. Purification of Cracked Spirit. Remfry treats vapors of cracked petroleum, at a 
temperature 10°-20° C. above the final boiling-point, with dense, porous, activated charcoal. 
This produces a sweet, non-gumming (non-polymerizing) product. The treatment may be 
carried out in presence of hydrogen, but this is not essential. 46 

5037A. Crude material is treated with 2 to 3 per cent of a concentrated solution of 
hydrogen chloride in ethyl or methyl alcohol, or other organic solvent, after a pretreatment, 
if desired, with gaseous or aqueous hydrogen chloride. The heavier oils are preferably 
diluted with benzine before treatment. 46 * 

6037B. Hofmann and Wulff 464 also suggest refining oils by washing them with a solution 
of sulphuric or phosphoric acid dissolved in alcohol. 

6037C. Oils obtained by the hydrogenation of coal, or cracking of mineral oils, are freed 
from solid substances by adding solvents for the oil, with or without wetting agents such as 
aromatic sulphonic acids, and centrifuging. 46 * 

5037 D. Solid and liquid products from the destructive hydrogenation of carbonaceous 
materials are separated by adding an insoluble finely divided carbonaceous material and then 
filtering. An oil capable of dissolving pitch may be added before filtration. The residue 
on filtering forms a fuel. French Pat. 666,873 describes the addition of an oil of relatively 
high boiling point coming from the hydrogenation process itself. The resulting liquid is 
submitted to a further destructive hydrogenation. 44 * 

5038. Purification of Oxidation Products by Hydrogenation. Hydrogenation over nickel 
catalyst in the liquid phase at high pressures (150 to 1000 lb.) and at temperatures of 100°- 
200° C., is claimed by James 47 as a method for purifying and improving the products of the 
partial oxidation of hydrocarbons. The oxidation products contain un saturated bodies, 
bodies of aldehydic character and so on, which are objectionable because they possess peculiar 
odors, and some of them tend to resinify. As the material contains catalyst poison, it is sub- 
jected to a preliminary treatment with the catalyst (probably spent catalyst could be used in 
practice). 46 James does not confine himself to molecular hydrogen, but mentions methods of 
producing hydrogen in presence of the bodies to be hydrogenated. 46 

44 Chem & Ind., Aug. 6, 1926. According to Ger. Pat. 415,371, of April 26, 1923, to 
Melamid, the vessels for hydrogenation are made of or lined with graphite. 

“Chem. Abst., 1927, 30 , 3800; U. S. Pat. 1,602,310, to Melamid. 

Brit. Pat. 303,998, Dec. 14, 1927 to Johnson (from I. G.) ; Illus. Off. J., 1929, 412. 

46 Brit. Pat. 205,868, July 22, 1922. 

Hofmann and Wulff, Brit. Pat. 298,484, Oct. 8, 1928; Brxt. Chem. Abst .. 1930, 406B. 

466 Brit. Pat. 301.420, Nov. 1, 1928; Brit. Chem. Abst., 1930, 450B. 

46 - I. G. Farbenind. A.-G., French Pat. 662,387, Oct. 16, 1928; Chem. Abst., 1930, 491. 

^ Imp. Chem. Ind., Ltd., French Pat. 666,872, Dec. 31, 1928; Chem. Abst., 1930, 1204. 

47 U. S. Pat. 1,681,238, Aug. 21, 1928. 

46 See Ellis, para. 548. 

48 The same patent mentions other methods of purification such as halogen addition or mild 
oxygenation. 
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6038A. A method of refining hydrogenation products is to extract the material with a 
reagent having a high partial pressure of ammonia, whereby oxygenated impurities are 
removed. Suitable extracting reagents are liquid ammonia or a solution of ammonia in 
methanol. 49- 

6038B. A non-knocking motor fuel having a final boiling point of 185° is obtained by 
mixing a knocking gasoline boiling below 150°, with an anti-knocking hydrocarbon fraction 
of boiling range 150 to 180°, which may be obtained by (a) distilling aromatic tars or aromatic 
petroleums; (6) condensation of unsaturated compounds; (c) destructive hydrogenation or 
dehydrogenation of aliphatic of hydroaromatic compounds, aromatic middle oils, such as 
anthracene oils, coal-tar products, residues obtained by cracking and high- temperature tars; 
or ( d) by the extraction of products of appropriate boiling range with sulphur dioxide. 494 

5038 C. Coal tars and mineral oils are treated with solutions to separate them into frac- 
tions rich in hydrogen and fractions poor in hydrogen. The former may be used as they are, 
or after treatment with hydrogen, as lighting or Diesel oils, and the latter are treated with 
hydrogon under pressuro to obtain motor oils. The solvent may bo sulphurous acid. 49 * 

8039. Hydrogenation and Oxidation of Mineral Oil [and product for use as paint vehicle, 
etc.]. Blakeman's method is applied specially to asphaltic oil of the Texas typo. Hydrogena- 
tion preferably precedes oxidation. 40 

5039 A. Alkyl Halides, Glycols, and Alcohols from Cracked Gases. 40- The constituents 
of the gas are fractionated by liquefaction and the monochlorhydrina formed. These arc 
hydrogenated in the presence of powdered nickel, cobalt, or copper to obtain the corresponding 
alkyl halide, which on hydrolysis yields the alcohol. Direct hydrolysis of the chlorhydrins 
yields the corresponding glycols. 
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ELECTRICAL METHODS OF HYDROGENATING FATTY 
AND MINERAL OILS 

6100 . Reference has been made to the work of De Hemptinne on the effect 
of electrical discharge in causing the addition of hydrogen to unsaturated oils. 
Later work by this investigator 1 furnishes additional data on this interesting 
reaction. The formation of stearine by the action of an electric discharge on com- 
mercial olein in an atmosphere of hydrogen was studied on both a small and large 
scale. The apparatus employed on a large scale consists of a rotatable horizontal 
axle bearing a large number of thin, parallel, vertical iron plates separated by 
glass plates, the former being connected together alternately on opposite sides. 
The whole is mounted in an air-tight iron drum which is partially filled with olein 
and into which hydrogen is introduced; the odd numbers of the iron plates are 
connected with one pole of a high-potential alternator and the even numbers with 
the other pole. When the axle is rotated, the electric discharge passes through a 
thin layer of olein which constantly wets the plates. The glass dielectric may be 
arranged so as to contact with one or both faces of the iron plates (the free space 
in the latter case being between the dielectrics) or the dielectrics may be sepa- 
rated from both faces of the iron plates. The capacity of the largest apparatus 
constructed was about 1000 lb. Apart from the construction of the apparatus 
the yield is influenced by the current density, the frequency of the current, gas- 
eous pressure, temperature of the liquid and the distance between consecutive 
iron plates. If the reduction is not pushed beyond a point corresponding to a 15 
per cent decrease in the iodine number, there is a complete parallelism between 
the decrease in the iodine number, increase of melting-point and absorption of 
of hydrogen. The variation of the iodine number or the increase of the melting- 
point per unit of electrical energy employed is taken as a measure of the transfor- 
mation effected. A proportionality between the quantity of substance trans- 
formed and the intensity of current does not always exist. For a given intensity 
of current the quantity transformed reaches a maximum for a definite distance 
of electrical discharge; this maximum varies with the pressure. In order to 
obtain a satisfactory reaction the current must act simultaneously on both liquid 
and gas. Prolonged action of the current causes polymerization and the reac- 
tions become quite complicated. The apparatus can be used for deodorizing fish 
oil, as the unsaturated compounds of this oil take up hydrogen under these con- 
ditions. Because of the gradual polymerization produced the method is sug- 

1 Bull. Soc. Chim. BcIq. % 26, 65. 
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gested as applicable for thickening mineral oils or mixtures of mineral oils with 
animal or vegetable oils. Molecular weights as high as 2600, as determined by 
the ebullioscopic method, were obtained. The viscosity of these polymerized 
oils varies less with the temperature than does that of the pure mineral oils; the 
coefficient of friction of the former is also stated to be less. 

6101. The shortage of lubricating oils in Germany during the War led to an 
examination of the De Hemptinne process. The result was the production of what 
are known as Voltols. Wolf 1 says that the Olwerken Stern Sonnebom, now 
known as Rhenania Ossag Mineralolwerke A.-G. Hamburg, makes these artificial 
polymerizates on the large scale by the action of the silent electrical discharge 
upon mineral and fatty oils. Nernst, investigating the principles upon which 
the process rests, was convinced that hydrogen atoms were split off from the oil 
molecules by collision with gas ions and the new molecules thus formed were com- 
bined into larger molecular complexes. Eichwald and Vogel determined molecu- 
lar weight and iodine number of olein voltolized in a nitrogen atmosphere. The 
mean molecular weight increased greatly, the iodine number dropped. Eichwald 
obtained molecular weights up to 6000 from the benzol solution of the oil. 

6102. The technical process is conducted in large closed cylindrical kettles at 
a vacuum of 60-70 mm. and at about 80° C. (176° F.). The oil to be treated 
flows over the aluminum electrodes and is thus exposed to the electrical dis- 
charge. High-frequency alternating current at about 5000 volts is used and an 
inert gas, usually hydrogen or nitrogen, prevents oxidation. The viscosity can 
be raised at will. Voltols with viscosity up to 32° E. at 100° C. are still fluid at 
ordinary temperatures and have a good cold-point. The high viscosities are 
obtained with no loss of material and the acid number, asphalt content, cold- 
point, and color of the polymerizates remain unchanged; the flash-point rises 
only a little in proportion to the great increase in viscosity. Mineral and fatty 
oils or mixtures of the two, and low-temperature tar can be treated. 

6103. Testa of the voltols on power-generating and power-transmitting 
machines with electric drive, continuous operation, showed power savings of 
16.5 per cent; on a 10,000-h.p. triple-stage steam engine, oiling the working parts, 
fresh oil, drop oiler, an oil saving of 62 per cent, cost saving 25 per cent; on a 
670O-h.p. Voith two-stage Pelton turbine connected with generator, heat from 
friction reduced 25 per cent; on a 2700-h.p. Leobersdorfer two-stage turbine, 
frictional heat reduced 53.1 per cent. 

6104. An advance in lubrication of explosion motors is possible by voltoliza- 
tion, since the same oil will serve in any type of motor and in winter as well as 
summer. The oiling of explosion cylinders makes greater demands upon a lubri- 
cant than does bearing lubrication on account of the high temperatures obtain- 
ing in the cylinders; and a motor lubricating oil must burn as nearly without 
residue as possible. Even during the War voltol oil proved itself an excellent 
substitute for castor oil in aeroplane lubrication. 

6106. Cylinder oils emulsified with water are not only protected against vapor- 
izing and decomposition but are atomized in the cylinder. At first lime water 

* Petroleum, Jan. 16, 1929, 95. 
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was used as the emulsifying agent, so that the emulsion consisted of three com- 
ponents. But voltol cylinder oils form a stable emulsion with water alone, which 
is a means of rational cylinder lubrication.* *• 

6106. Fatty Adds and Glycerides: Action of the Brush Discharge. 4 If 
oleic acid is subjected to the action of the brush discharge the iodine value stead- 
ily falls, the mean molecular weight steadily rises, and stearic acid is produced. 
The increase in molecular weight per unit fall in iodine value rises from 6.3 at 
the beginning of the treatment to 43.5 after treatment for twenty-two hours. 
About 11 per cent of the oleic acid is converted into stearic acid, and this conver- 
sion occurs in an atmosphere of air or nitrogen as well as in an atmosphere of 
hydrogen, though working under the latter conditions gives the slightly higher 
maximum yield of 15 per cent of stearic acid. It is considered that the bombard- 
ment of the molecules causes hydrogen atoms to become detached in a highly 
active state, and that they immediately saturate the double bonds of other 
molecules of oleic acid, leaving some highly unsaturated molecules which poly- 
merize and cause the increase in molecular weight. Glycerides show similar 
effects under the brush discharge, the glyceryl part of the molecule being unaf- 
fected. The resulting polymerized oils have high viscosities and flat viscosity 
temperature curves and are of value as lubricants. Owing to the possibility of 
intra-molecular saturation of double bonds in the case of glycerides, the increase 
of molecular weight in this case becomes even more marked in the later stages 
of treatment than in the case of the free fatty acids. 6 

6106A. Docoic, lauric, palmitic, and stearic acids are polymerised by the action of the 
silent electric discharge for 30 to 100 hours in an atmosphere of hydrogen into viscous liquid 
acids, iodine values of 5 to 8, lower saponification and neutralization values and higher 
density. 6- 

5106B. Oleic, linoleic, and linolenic acids when exposed to a silent discharge of 10,000 
volts in gaseous media are attacked the more severely the smaller is tho molecular weight of 
the gaseous medium. Hydrogenation and polymerization occur rapidly in hydrogen, slowly 
in nitrogen, and not at all in sulphur dioxide and carbon monoxide. As compared with the 
reaction in hydrogen, tho rate of polymerization in nitrogen is much greater than that of 
hydrogenation in this gas. 66 

6106C. Experiments on oleic acid show that hydrogenation in the silent discharge increases 
in intensity with temperature between 15° and 95°; it increases with voltage between 5000 
and 20,000 volts; it decreases with increase of distance between the electrodes between 
3 mm. and 20 mm. under 10,000 and 20,000 volts; it decreases with increase in gas pressure 
between 0.006 and 10.0 mm. and increases with pressure between 100 mm. and 600 mm. 6- 

6107. Action of tho Silent Electric Discharge on Fatty Oils. (Voltol Process.) 4 The 
chemical and physical properties of oils produced by the electrical treatment of fish oils by 
the “Voltol” process were investigated. The process comprises tho treatment of fish oils 
in cylindrical iron vessels of 30 cu. m. capacity, capable of rotation about a horizontal axis. 
The electrodes, which are attached to the axis and pick up the oil from the bottom of the 
vessel, consist of a number of alternating aluminum and glazed cardboard plates, the alumi- 
num plates being connected with a high-tension circuit (4300-4600 volts, 500 periods), so 


* Unit. Oil Prod. Co. Bulletin. 

4 Eichwald, Z. anono. Chcm. t 1922, 36, 505; Chcm. Abet., 1923, 17, 60. 

6 J.S.C.I. , 1922, 41, 824A. 

*• Iwamoto, J . Soc. Chcm. Ind. Japan , 1930, S3, 25-7B; Brit. Chcm. Abet., 1030, 451B. 
66 Idem., ibid., 1929, 32, 259-60B; Brit. Chem. Abet., 1930, 291 B. 

Idem., ibid., 1929, 32, 359-61B; Chem. Abst., 1930, 2320. 

•Hock, Z. EUktrochem., 1923, 29, 111; J.S.C.I., 1923, 42, 508A. 
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that they alternately become charged positively and negatively, the glazed cardboard acting 
as dielectric. The oil is heated to 60°-80° C. and continually flows down the plates in a thin 
stream. The remainder of the vessel is filled with hydrogen at a pressure of 0.1 atmosphere. 
After several hours’ treatment a maximum viscosity of the oil ("half voltol”) is attained. 
If an equal quantity of mineral oil is then added and the treatment continued an exceedingly 
viscous "full voltol" is obtained. The characters of the original fish oil, "half voltol," and 
"full voltol" were as follows: mol. wt. 870, 1100, 650; specific gravity at 15° C., 0.9224, 
0.9365, 0.9371; n% = 1.4661, 1.4708, 1.4892; iodine value. 120-8, 88.6,42.5; saponification 
value, 195, 196, 107; viscosity at 21.8° C., 68 secs., 1100 secs., — ; viscosity at 100° C. 
8.8 secs., 96 secs., — . The ions and electrons forming the electric discharge appear to dis- 
rupt the molecules of the unsaturated glycerides at the double bond and to cause the forma- 
tion of polymerized molecules which form a colloidal solution to a greater or less degree. 
The great increase in viscosity of the oils after treatment is probably caused by the colloidal 
nature of the solution of polymerized molecules. Oil subjected to the voltol process in 
a laboratory apparatus was polymerized to a higher degree than the product of the com- 
mercial process, but ultra-filtration showed that the latter product had assumed to a greater 
extent the colloidal state. The commercial product also showed a permanent decrease 
in viscosity after having been subjected to a temperature of 200° C. for some hours. This 
is ascribed to a reversion from the colloidal state. Experiments with gases other than 
hydrogen showed that better results are obtained with hydrogen than with either argon 
or nitrogen, but that hydrogen is by no means essential to the process. 

5107 A. A description of the Voltol process and a bibliography are given by Zakharenko. •• 

6108. Becker 7 has observed that when mineral or fatty oils are subjected 
to the silent discharge not only does an increase of viscosity occur but also, from 
saturated hydrocarbons, an evolution of hydrogen. Becker proposes this method 
for the production of hydrogen of the highest purity. He points out that from 
inorganic compounds also hydrogen is evolved under similar treatment. 8 

0108A. On passing a high-tension discharge u through a saturated paraffin oil in a 
Siemens ozonizing tube, hydrogen is evolved and higher paraffins are formed. Under the 
same conditions unsaturated hydrocarbons yield mixtures of saturated hydrocarbons of high 
molecular weight, the hydrogen evolved in the first reaction being absorbed again at the double 

lin kin g. 

6109. Not all the processes about to be described are essentially hydrogena- 
tions. They are, however, potentially convertible into hydrogenations. Because 
of this and because of the interest which has been- recently shown in processes of 
this character, they are dealt with here. 

5110. The application of a high-tension electric discharge for the purpose of increasing 
the proportion of fixed gases, in gases or vapors obtained by the cracking of oils has been 
proposed by Davidson and Ford. 9 

5111. They state that the constitution of the hydrocarbon conponents in a gas of this 
character may bo materially changed by the action of the electric discharge, the general 
effect being the formation of bodies of less molecular weight which are not condensable, thus 
increasing the proportion of fixed hydrocarbon constituents of tho gas as compared with the 
other components, such as hydrogen or carbon monoxide. In tests which were made the 

•• Neflyanoe Khozyaistvo, 1929, 16, 544-7; Chem Abst., 1929, 4809. 

7 Wise. Vertiff. Siemens-Konz ., 1926, 5, 160. A similar effect has been reported by 
Schoepfle and Connell as a cause of cable deterioration ( Ind . Ei\q. Chem ., 1929, 21, 529). 

• Farther references on voltols: BrUckner, Chem. Ztg., 1928, 52, 637; Anon., Ind. Olii 
Grassi, 1926, May 31; Chim. el ind. , Apr., 1928,661; J.S.C.I. , 1928,974; Hock, Kautschuk, 
Mar., 1926, 65; this last article refers to a fsctice-like product obtained by subjecting rape 
oil to the Voltol process. 

••Becker, Wise. Veroff. Siemens- Konz., 1929, 8, (2), 190-217; Brit. Chem. Abst., 1930, 
402B. 

9 U. 8. Pat. 1,229,042, June 5, 1917. 
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amount of methane in the gas was increased from 25 per oent to about 40 per cent, while 
the amounts of C«Hs» were increased from between 7 and 10 per oent up to 20 and 23 per 
cent. In carrying out this process, apparatus which is similar to that used for the electrical 
precipitation of suspended matter from gases may be employed. 

0112. Cherry 10 describes a method for the production of hydrocarbon compounds by a 
synthetic process involving the use of a high-frequency electric current. He states that a 
rearrangement of the molecular structure of a hydrocarbon can be brought about to change 
the boiling-point and gravity, by subjecting the hydrocarbon to the silent discharge of a 
bipolar oscillatory high-frequency electric current and the boiling-point and gravity of the 
compound produced can be varied by varying the frequency of the current applied; and 
furthermore, a relatively low-gravity hydrocarbon can be so changed as to produce a com- 
pound of higher gravity and of lower boiling-point by subjecting such low-gravity compound 
to the electric discharge when the low-gravity hydrocarbon is in a vaporised state and mechan- 
ically mixed with a small proportion of a high-gravity low boiling-point hydrocarbon while 
a high-gravity low boiling-point hydrocarbon (such as casing head gasoline) can be so changed 
as to produce a product of lower gravity and higher boiling-point, by the action of the electric 
discharge while the high-gravity hydrocarbon is in a vaporized state and mechanically mixed 
with a small proportion of a relatively low-gravity high boiling-point hydrocarbon. 

6113. In practicing Cherry’s process, the vaporized or gaseous hydrocarbon material 
is passed through a bipolar oscillatory high-frequency silent electric discharge, and a rear- 
rangement of the molecular structure is stated to be thereby brought about to either increase 
or decrease the proportion of hydrogen in the resulting compound without the waste incident 
to destructive distillation. The vaporized or gaseous hydrocarbon may be passed through 
a peculiar electric field or an electric treating chamber provided with separated electrodes 
between which the hydrocarbon body flows so that this body will be subjected for a more or 
less extended period of time to the silent electrical discharge oscillating back and forth between 
the electrodes. 

6114. As an example of the application of the method to hydrocarbon compounds of the 
paraffin series, one volume of pentadecane (CitHat) is introduced into a still, to every two 
volumes of methane (CH4) and the mixture of the resulting vapor and gas rising from the 
liquid in the still is passed through an electric field under proper heat and pressure conditions, 
a resulting liquid product being drawn from a condenser consisting of octane while the excess 
of methane is separately collected. In this instance, approximately the following reaction is 
claimed to take place. 

CiftHis -f- 2CH4 = 2C*Hu + CH4. 

6116. Northrup 11 passes the vapors of heavy hydrocarbons with gas containing hydrogen 
(e.g., natural gas) through an electrified zone (A. C. field 2000-8000 volts) where ionization 
takes place. The vapors are next led through catalyst tubes (5 per cent iron, 5 per cent 
aluminum) at 385°-538° C. Thence they go to a dephlegmator and oondenser. The con- 
densate at 93°-204° C. is returned, while the residual vapors are passed to a cool condenser 
and gasoline is obtained. 

6116. Feige 11 treats solid, liquid, or gaseous fuels with high-voltage electric current 
preferably in an atmosphere of hydrogen, with tin as catalyst. In this way, for example, 
a brown tar containing only 4 per cent of constituents boiling under 200° C. can be made 
to yield more than 40 per cent boiling below 200° C. 

6117. Ruben 11 passes a liquid having a high dielectric constant upwards through a metal 
cylinder in which is suspended a porous pot through which a gas with a lower dielectric 
constant than that of the liquid is introduced. The pot is provided with a conductive inner sur- 
face, which is connected to one pole of a source of high-frequency, high-potential alternating 
current, and the metal wall of the outer cylinder is connected to the other pole. Reaction 
between the gas and the liquid is in this way induced without the use of a catalyst; for exam- 
ple, oils can be hydrogenated without the use of nickel. 14 

6118. At least two quite disparate processes seem to be described in the following: The 

Continental Caoutchouc and Gutta Percha Co. heat a mineral oil fraction of high boiling- 
point with a catalyst such as aluminum chloride, with or without mercuric, ferric, vanadium, 

10 U. 8. Pat. 1,229,886, June 12, 1917. 

11 Brit. Pat. 275,120, Mar. 21, 1927; U. 8. Pat. 1,642,624. Sept. 13. 1927. 

lt Brit. Pat. 271.473. May 19. 1926; Chem. Abat ., 1928, 81, 1672. 

11 U. 8. Pat. 1,554,296, Sept. 22. 1925; Brit. Pat. 251,134, June 16, 1925. 

14 J.3.C.I., 1916, 999B; Brit. CK*m. Abat., 1916, 553B. 
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or other chloride, or with aluminum in a stream of dry hydrochloric acid gas, or the oil is 
atomised and exposed to ultra-violet rays or the silent electric discharge in presence of a 
catalyst. The process is continuous. Gaseous products are obtained by heating to a higher 
temperature, and longer, in closed vessels. 14 

6118A. Lubricating and insulating oils are obtained from coal tars, mineral oils and other 
carbonaceous materials by extracting or destructively hydrogenating the solid materials or 
cracking or destructively hydrogenating the liquids, and exposing the liquid products or their 
fractions, in liquid phase, to the action of high-tension and preferably high-frequency electric 
currents. 14- 

6119. Two closely similar processes are due to Epner. 14 They are electrical processes for 
the production of lubricants and of fuel from hydrocarbon gases. According to (1) oils, 
suitable for use as lubricants, are obtained by subjecting methane, gases containing methane, 
gases obtained in cracking hydrocarbons, or ethane or ethylene from coke-oven gases to the 
action of an alternating electric field preferably of high frequency and high voltage. The 
products may be hydrogenated. 

6119A. In the second process (2), liquid hydrocarbons, suitable as power fuels, are 
obtained by subjecting gases containing hydrocarbons to the action of dark or silent electric 
discharges, preferably of high tension and periodicity. The reaction is carried out at increased 
temperature so that the products are removed in vapor form and may be separated by cooling, 
by absorption in active carbon or in wash oils. The unsaturated products may be hydro- 
genated, preferably by passing the vaporous products from the reaction which already contain 
hydrogen over a heated catalyst. 17 

5119B. Epner proposes an apparatus for effecting this exposure of oils to dark electric 
discharges in which the electrodes are liquids boiling al>ove 100° C. These may be circulated. 
The vessels containing them should be made of a material, such as quarts, whose dielectric 
properties are unaffected by temperature changes. 18 

6119C. Production of Liquid 
Polymerization Products from 
Gases Containing Hydrocar- 
bons. 18- Methane, or gases con- 
taining methane, are subjected to 
the action of an alternating, high- 
tension electric field producing a 
silent electric discharge. The re- 
action is carried out in the pres- 
ence of catalysts which promoto 
condensation or hydrogenation, 
and at temperatures, e.g., 150- 
600°, at which the products are in 
tho form of vapor or a mobile 
liquid. 

6110. Walker 18 claims the 
combined application of a high- 
tension electrical discharge and of 
catalytic action in the hydrogena- 
tion of oils. In Fig. 118, 1 is the 
reaction chamber; 2 is a hollow 
metal plate serving as an electrode; 

3 is an inlet and 4 an outlet for 
superheated steam ; the face of tho 
plate is covered with catalyst (e.g., 
nickel or nickel oxide); 5, 5' are 
plate electrodes; 6 is a source of high-tension current one terminal of which is connected with 
6 and 5', the other with 2. By means of an injector 10, hydrogen and oil are caused to impinge 

14 French Pat. 469.948, Mar. 21, 1914; Chem. Abst., 1915, 9, 19. 

14- I. G. Farbenind. A.-G., Brit. Pat. 305,553. Oct. 5. 1927; Chem. Abst.. 1999, 4814. 

18 Brit. Pats. (1) 294,099 and (2) 294,100, convention date, July 16, 1928. 

17 IU. Off. Jour., Sept. 12. 1928. 

18 Brit. Pat. 296,019, Aug. 23. 1927. 

l8- Epner. Brit. Pat., 317,344, May 9. 1928; Brit. Chem. Abst., 1999, 844B. 

w U. S. Pat. 1,123,962, Jan. 5, 1915; Chem. Abst., 1916, 729. 
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against the catalytic surface in the electrical field. Walker claims that hydrogenation is thus 
obtained without the deleterious effects of long exposure of the oil to high temperature. 

6121. U teacher treats oils with hydrogen in presence of a finely divided catalytic agent, 
and at the same time the material is subjected to the action of a silent electric discharge. 
In a description of the process, it is stated that the "silent discharge" is prevented from com- 
ing into actual contact with the fatty substance, only chemically active rays (e.g., from 
a mercury vapor lamp) being utilised. It is also stated that the process may be effected by 
allowing the rays to impinge on the surface of a catalytic substance, which may be used in 
tho form of plates. The joint application of a catalytic and an electric discharge is claimed 
to give a greater effect than cither agent singly. 10 

6122. In the Grtiner processes ,l oils or fats are subjected to the action of a silent electric 
discharge of very high tension and frequency in an add atmosphere. The voltage used is 
60,000-100.000. 

6123. Wielgolaski 22 brings hydrogen into contact with fats or fatty acids while exposing 
the material to Roentgen rays, and in the later patent while subjecting it to electrical action 
as it passes through porous electrodes. 

6124. Experiments were performed by Custis 21 to ascertain if there would be an accel- 
eration of the hydrogenation of oleic acid under the influence of the rays from an iron arc. 
The hydrogen was led into a quartz flask, which contained the oleic acid. A long air condenser 
was passed through the stopper with which the flask was supplied. An iron arc was placed 
1.5 cm. from the flask, and exposure was allowed to proceed for six hours. From the iodine 
numbers of the acid before and after treatment the condusion was reached that there is no 
acceleration in the hydrogenation of oleic acid when hydrogen acts on the acid in the presence 

of rays from an iron arc under ordinary con- 
ditions of temperature and pressure. Blank 
experiments showed an amount of saturation 
equivalent to that found in the exposed fatty 
acid. 

Some observations on the effect of ultra- 
violet light on catalytic action have been made 
by Farmer and Parker which indicate that on 
colloidal platinum, at least, the ultraviolet 
light exerts a retarding influence on the rate of 
catalytic change. Colloidal platinum was pre- 
pared by the Bredig method, i.e., by produdng 
an arc between platinum electrodes under dis- 
tilled water. Hydrogen dioxide was used as a 
measure of catalytic activity. The colloidal 
platinum was exposed to the ultraviolet light 
and samples were drawn from time to time in 
order to get exposures of varying lengths, the 
samples being introduced into hydrogen perox- 
ide placed in an apparatus shown in Fig. 119. The inclined tube of this apparatus was com- 
pletely filled with dilute hydrogen peroxide solution and a bent delivery tube arranged to 
collect any liquid displaced. As colloidal platinum breaks down hydrogen dioxide yielding 
oxygen, the evolution of the gas and consequent displacement of liquid enabled the rate of 
decomposition to bo measured. 

The experiments showed that the catalytic activity of the colloidal platinum was almost 
completely destroyed aftor an exposure of six hours, the activity then observed being no 
greater than that of the spontaneous decomposition of hydrogen peroxide itself. It was 
noted that tho light caused the platinum to bo precipitated out of solution as a black flocculent 
material. After such a precipitation it was in the form of large mossy clusters. 

Whilo no observations were made with respect to the hydrogenation of oils under these 
conditions, in view of tho action of ultraviolet light on solutions of colloidal platinum, it 

20 Brit. Pat. 20,061, Sept. 3, 1912. Tho text of the Utescher Ger. Pat. 266,662, 1912, 
appears in Chcm. Rev. u. d. Fctt u. Hart Ind., 1913, 308. 

21 French Pat. 453,664, Jan. 27, 1913; HoU. Pat. 1,142, Feb. 4. 1916; Chcm. A6sf., 1216. 
1725. 

22 Norw. Pats. 24,528 and 25,009; Seifcn. ZlQ. % 1914, 1195. 

22 J. Frank. In*t. % 1917, 880. 
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would appear that exposure thereto may be expected to modify the rate of reaction in the 
hardening of oils. 23 ® 

6120. Aromatic Hydrocarbons from Coal. Though applied to solid raw materials the 
process 24 described below fits in more appropriately here than elsewhere. Aromatic hydro- 
carbons are produced from carbonaceous materials (e.g., powdered bituminous coal with or 
without admixture with limestone) by heating in a retort and subjection to a high-frequency 
oscillating electromagnetic field in the presence of hydrogen. The carbon particles suspended 
in the gas become ionized and react, yielding enriched hydrocarbon gas. 2 * 

6126. Preactivation of Hydrogen. Fuchs 26 claims that his investigations have shown 
the present methods of reduction for the most part to bo improperly founded, causing long 
time of treatment coupled with loss of hydrogen and heat; use of a great excess of hydrogen 
or catalyzer; injurious action of the long heating on the color, taste and odor of the reduced 
fat; and the application of high pressure in apparatus which involves costly autoclaves, 
dangerous to handle. Fuchs declares that the conduct of reduction of fatty bodies is essen- 
tially improved if the following theoretical conditions are observed: 

(1) Thermal considerations: A quickening of tho reaction is obtained when the oil to 
be treated is maintained at only a moderate temperature (0° to 150° C.), while the hydrogen 
employed is heated to 200° to 250° C. The avoidance of strong heating of the oil which 
is being treated is favorable to the quality of the final product, while preheating the hydrogen 
appears to increase its activity. Comparative tests show that in this way the speed of the 
reaction can be increased by about 10 per cent. For preheating tho current of gas, copper 
or nickel coils in an oil bath are used. The oil bath may be maintained at the requisite 
temperature through circulation of oil heated at a distant point. 

(2) Chemical considerations: Sinco it is impossible to have free hydrogen in its most 
active form, that is, in a nascent state, act upon the oil to be treated, because the quality of 
the oil is injured, Fuchs observes that means must be provided to apply the hydrogen in 
the atomic form. This can be carried out through the application of chemically active rays. 
Dissociation of the hydrogen molecule appears also to occur when molecular hydrogen is 
passed over catalytic material such as palladium- black or freshly prepared nickel powder 
and then is allowed to diffuse under high pressure through heated plates of metal. The 
activity of the dissociated hydrogen, it is claimed, is from 15 to 20 per cent higher than the 
normal gas. The catalytic material may be placed in a tube of suitable length or on the 
plates of a column apparatus. By way of illustration Fuchs states that cottonseed oil carry- 
ing 0.9 per cent of a catalyzer, prepared from nickel carbonate, is raised to a temperature of 
120° and is subjected to hydrogen under a pressure of 18 atmospheres, the gas having been 
chemically activated by passage through an iron tube 3 meters in length and 60 mm. in 
diameter, lined with platinized astestos and heated to 250° C. In this way by two hours' 
treatment a fatty body having a melting-point of 44° C. was prepared. In three hours a fat 
melting at 65.4° C. was obtained. Fuchs notes that ordinarily from five to eight hours 
would be required to secure such products. Tho claims of Fuchs’ patent call for the reduc- 
tion of unsaturated fatty acids and their glycerides by means of hydrogen according to 
the contact process, wherein strongly heated hydrogen is caused to react on only moderately 
heated oil; also tho treatment of oil with atomic hydrogen whose activity has been increased 
by treatment with chemically active rays. 

6127. Vogel 27 claims a process for treating carbon compounds (e.g., unsaturated fatty 
oils) with ionized gases (e.g., hydrogen) whereby hydrogenation takes place. This is effected 
by spraying or frothing the oil with the hydrogen in a vessel containing a means of producing 
an alternating electric field of high frequency and voltage. 18 

6128. By passing light hydrocarbon vapors through an arc struck between 
two tubular electrodes in an atmosphere of hydrogen and carbon monoxide, 

210 J. Am. Chem. Soc ., 1913, 1524. Experiments made by Ellis point to a reduction of the 
iodino value of cottonseed oil exposed to ultraviolet radiation in presence of hydrogen. Cf. 
U. S. pats. 1,180,025, Apr. 18, 1916 and 1,179,414, Apr. 18. 1916 to Ellis. 

24 Brit. Pat. 267,359, May 28, 1926, to Henry. 

24 Brit. Chem. Abst.. 1927, 357B. 

21 Seifen. ZtQ. % 1913, 982; ibid., 1298. Reduction of unsaturated fatty acids and their 
glycerides, Belgium Pat. 256,574, 1913. 

27 U. 8. Pat. 1,621,143, Mar. 15, 1927. 

* Other applications of the principle are given. 
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heavier hydrocarbons are produced, e.g., CtH 4 + CO + 2H* = CiH 4 + H t O 
and CiH» + CO + 2H, = C 4 H a + H,0. The reaction chamber may be filled 
with a catalyst (finely divided metals) and heated. 21 

5129. An article by Evers deals with the effect of the electric arc on mineral oils. 10 

6130 . Siemens and Halske 21 use the hydrogen generated by passing an alter- 
nating electric discharge through liquid hydrocarbons to produce frothing. 

5131. Jakosky. Effects of corona discharge on petroleum. U. S. Bureau of Mine s. 
Tech, paper, 375. 

5132. A proposed cracking and hydrogenating process 11 yielding motor fuel and lubri- 
cating greases from an oil such as kerosene, comprises heating the oil under a hydrogen 
pressure of 300 to 500 lbs. per sq. in. and in presence of an electrolyte such as aqueous sodium 
chloride and pieces of copper and *inc. The electrochemical action of the xinc-copper couplo 
is supposed to facilitate the conversion. 


29 Brit. Pat. 223,543, Sept. 22, 1924, to Le P6trole Synth6tique, assignees of Andry- 
Bourgoois. 

10 Wise, veroffenil. Siemens- Konxem, 1925, 4 , 324; Chem. Abet ., 1926, 3075. 

21 French Pat. 615,581, May 4, 1926, to Siemens und Halske A.-G. 

” Maxim, Brit. Pat., 118,122. 
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OTHER HYDROGENATIONS AT HIGH PRESSURES 

5200. Catalytic Hydrogenation at High Pressures. 1 The majority of hydro- 
genation processes are conducted at atmospheric pressure or at a plus pressure 
of a few atmospheres. Nevertheless hydrogenation at very high pressures, 
though industrially a development dating back but a few years, is not a novelty 
in the laboratory, as the following examples will show: 

6101. Ipatiev 1 finds that in presence of nickel oxide, indene unites with hydrogen at 
250° to 260° C. and 110 atmosphere*, yielding the hydrocarbon octahydroindene. The nature 
of the metal of which Ipatiev's high-pressure apparatus 1 is constructed is found to exert an 
influence on the hydrogenation, in presence of cuprous oxide, of compounds containing 
ethylene linkages. Thus, in an iron tube, amylene (trimethylethylene) is readily converted 
into isopentane, while in a copper tube the reaction is incomplete, an equilibrated mixture of 
amylene, hydrogen and isopentane remaining: 

CftHio + Hj C»H|s. 

In an iron tube and in absence of cupric oxide, no hydrogenation occurs. Similar results are 
obtained with hydroaromatic compounds. Further, hydrogenation in an apparatus of phos- 
phor- bronxe in presence of reduced copper results in the establishment of an equilibrium, 
while, if iron turnings are also present, hydrogenation proceeds to an end. The catalytic 
activity of reduced copper in copper tubes may be regarded as due to poisoning of the catalyst; 
or the use of cupric oxide in iron tubes may result in a conjugated catalytic action. 

6101. Carbon and hydrogen combine with difficulty, especially to form methane. At 
the ordinary pressure in the presence of nickel oxide, reduced nickel or a mixture of nickel 
and alumina, and up to 624° C., there is no formation of methane. Under great pressures 
the synthesis occurs only above 500° C. in the presence of the above catalysts. In the pres- 
ence of water and nickel, methane is decomposed at 500° C. into hydrogen and carbon dioxide. 

6103. The reverse reaction, i.e., the reduction of carbon dioxide to methane in the presence 
of nickel and an excess of hydrogen at ordinary pressure, occurs at 450° C. 4 Sabatier showed 
that methane is readily prepared in approximately theoretical yield at ordinary pressures, and 
at temperatures ranging from 230-400° C. f 

6104. Acetylene is converted into ethylene by treatment with hydrogen under pressure 
in the presence of catalysts. The Elektro Chemische Werke G. m. b. H. 1 state that to effect 
the combination of the unaltered ethylene and hydrogen in the gaseous mixture resulting 
from the passage of these gases over a catalyst, the product is again passed over the catalyst 
under pressure. The reaction is stated to be quantitative and instantaneous. Nickel or 
metal of the platinum group may be used as a catalyst. 7 

6205. Hydrogenation in the liquid phase under very high pressure is associ- 
ated with the name of Ipatiev. 

1 A valuable article on high pressures in chemical industry, from the pen of Max ted, 
appears in Chem. and Ind., 1926, 46, N. S. 366. An article by Ernst (of the Fixed Nitrogen 
Research Laboratory), in Ind. Eny. Chem., 1926, 18, 664, describes and illustrates the 
mechanical equipment for high pressure and discusses the metallurgical problems involved. 

* /. Russ. Phys. Chem. Soc., 1913, 46, 994. 

1 J.S.C.I., 1911, 239. 

4 Chem. Trade Jour., 1913, 414. 

1 Sabatier. Catalysis , S96. Ipatiev, Chem. Zty. Rep., 1914, 15. 

% Zeit.f. anyew. Chem., 1913, Ref. 644. 

7 Ger. Pat. 265,171, Oct. 16. 1912. 
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6206 . The method of Ipatiev consists of heating the substance to be hydro- 
genated and the catalyst in hydrogen in a vessel capable of sustaining an internal 
pressure of 600 atmospheres. 

6207 . The catalyst is nickel or “ nickel oxide.” Ipatiev believed the latter 
to be, in the conditions of the method, the better catalyst of the two. Many 
chemists now hold, with Sabatier, 8 that the activity of the catalyst is due to its 
content of metallic nickel. It is probable that, with the manipulative methods 
employed by Ipatiev, the formation of metal by reduction of the oxide in situ 
furnished a more active catalyst than was obtained by an external reduction and 
possible incandescence and sintering during the transfer. It is possible, though 
les^robable, that nickel oxide, in the particular reactions in which the compari- 
son was made, exerted a promoter action. It must also be remembered that the 
conditions of complete reduction to metal are unfavorable to the highest catalytic 
activity. Other catalysts used by Ipatiev were palladium, iron, copper and its 
oxide and, occasionally, zinc dust. 

6208 . Ipatiev’s typical apparatus consisted of a mild steel tube lined with cop- 
per, capable of sustaining a pressure of 600 atmospheres at 600° C., provided with 
a manometer, and a safety valve. Heating was by electric resistance wires. 

6209 . The charged apparatus was filled with hydrogen at a given pressure 
and heated to the desired temperature. If no hydrogen were absorbed and no 
gas evolved the pressure would rise proportionately to the increase of tempera- 
ture. But if hydrogen were absorbed there would be a relative fall of pressure 
(unless there occurred a compensatory evolution of some other gas). 

6210 . For the ordinary purposes of organic chemistry and for experimental 
work on the hydrogenation of oils the expensive, limited and rather dangerous 
method of Ipatiev has been replaced by processes using moderate pressures. 
Nevertheless it must be regarded as one of the immediate ancestors (an other 
being the Haber ammonia process) of processes which are already of cardinal 
importance and whose recent development has been sensational. These are the 
processes for the synthesis of methanol and its higher homologs (by hydrogena- 
tion of water-gas), and for the hydrogenation of coal and other substances for the 
production of fuel oil (Bergius processes, or berginization). The processes of the 
firat group are worked, however, in the gas phase. 

6211 . The principal object attained by the use of high pressure in autoclave 
processes is usually the maintenance of the liquid phase at high temperatures. 
For example, water at 300° C. maintained in the liquid condition by high pres- 
sure is an active chemical, and if in this condition it is allowed to act on iron, in the 
presence of thallium chloride, hydrogen is produced. 

5212. Pressure and Chemical Equilibrium. The effect of pressure on chemical equi- 
librium waa clearly enunciated by Robin 9 as follows: “For constant temperatures there is 
one definite pressure for which a system will be in equilibrium. On raising the pressure the 
reaction will proceed in that direction which is produced with a decrease in volume; while, if 
the pressure is reduced, the reaction will proceed in that direction which has a greater volume.” 
he Chatelier 10 considered the problem of the shift of equilibrium with pressure and tempera- 

8 Catalysis in Organic Chemistry (tr. Reid), 684. 

• Bull. Soc. Philomath., 1879. [7], 4, 24. 

10 Compt. rend., 1884. 99, 786. 
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ture from the thermodynamic standpoint, and introduced the principle of mobile equilibrium. 
This principle states, in effect, that if a system in equilibrium be subjected to a constraint, 
a change will take place in the system which is in opposition to the constraint. 

5213 . In the case of gaseous reactions, pressure is employed to change the equilibrium 
in favor of tho desired product. Tho attainment of this equilibrium, or the approach to it, 
is brought about by tho use of catalysts. 

5214 . The reason for the use of high pressures in gaseous syntheses is clearly shown in the 
case of ammonia. Theoretically, it is quite possible to synthesise ammonia at ordinary 
pressure. Haber has calculated that if the temperature of the reaction could be reduced to 
300°, satisfactory yields would be obtained under ordinary pressure. No catalyst is known, 
however, which will initiate the reaction at so low a temperature. The only choice in prac- 
tice is to obtain a catalyst which is highly reactive at as low a temperature as possible, and 
then to raise the pressure to such an extent that adequate yields of ammonia result. While 
the Badische Anilin und Soda Fabrik have fixed on about 300 atmospheres as their working 
pressure, Claude has devised plant to work at a pressure of 900 atmospheres. 

5215 . The conditions for the production of methyl alcohol are governed by similar con- 
siderations. If a catalyst could be found which was highly reactive at as low a temperature 
as 200°, it is calculated, from certain data published by Audibert and Rameau, 11 that a satis- 
factory yield of methyl alcohol would result by conducting the syntheses at that temperature 
under atmospheric pressures. No catalyst has yet been found to work at so low a tempera- 
ture, and high pressures havo to be employed to give satisfactory yields. 11 

5216 . The reasons for the use of high pressures in gas phase hydrogenations 
are: 1. To increase the reaction velocity by increasing the concentration of the 
reactants. 2. To modify the equilibrium in the desired direction. 3. To influ- 
ence the reaction path. Perhaps the commonest case of this is the prevention of 
the decomposition of a desired product which, at the temperature used, would 
occur under lower pressure. 4. To facilitate heating and cooling, including heat 
exchange between gases in countercurrent. It is notoriously difficult to heat 
uncompressed gases with reasonable efficiency; very large heating surfaces are 
required. When gases are greatly compressed the problem is simplified. Nitro- 
gen at 250 atmospheres has a density about one-third that of water and behaves 
in many respects like a mobile liquid. 13 There is some evidence that pressure 
facilitates the treatment of bodies which contain catalyst poisons. 14 

11 Ann. office combustibles liquides, 1927, 4th part. 

11 Morgan, Taylor and Hedley, J.S.C.I. , 1928, 47 , 117T. 

11 For an example of the method of estimating the temperature, pressure and equilibrium 
point of a reaction applied to a hydrogenation under high pressure see Kelley: A thermo- 
dynamic consideration of the synthetic methanol process. Morgan, et a/., J.S.C.I ., 1928, 
47 , 122T. Bone has stated that the chief advantages accruing from the use of pressure in 
connection with reversible chemical interactions are not merely to hasten the attainment of 
equilibrium but also, in changes involving diminution in the number of molecules, to causo 
the equilibrium to shift at a given temperature in that direction: for while an increase in 
temperature shifts the equilibrium in an endothermic direction, an increase in pressure 
usually has an opposite effect. Hence, by imposing pressure upon temperature, there results 
a speeding-up effect of the latter while diminishing its unfavorable influence upon the equi- 
librium proportion of the exothermic product. Further, by adding a catalyst, not only is 
the change accelerated, but in some cases also a new qualitative result may be induced. 
Therefore, when experimentally studying catalytic change in gaseous systems it becomes 
necessary not only to determine variations of equilibrium with both pressure and tempera- 
ture, but also to ascertain the 14 directive influence 44 (if any) of various possible catalysts. 
As regards the latter, Bone observes that we aro suffering from the present unsatisfactory and 
chaotic state of knowledge concerning the action of catalysts, an action which is much more 
complex than has been supposed. Chem. Age (London), 1930 , 288. The comments by Bone 
(Discussion on Catalytic Reactions at High Pressures, Proc. Royal Soc., A, Vol. 127 , 1930) also 
are of interest in this connection. 

14 Max ted, loc. cil . 
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6217. The application of these relatively high pressures in industrial chemistry 
has, as already noted, a history of comparatively few years' duration. Already 
it has produced sensational results, and it is scarcely speculative to predict that 
this almost unexplored field will yield great returns to the chemists and engineers 
who ally themselves to exploit it. Incidentally, the term ''high pressure” applied 
in this field is gradually undergoing a change in significance. In the earlier days 
of high-pressure experimentation, working in the neighborhood of 100 atmos- 
pheres was considered the height of daring. I pa tie v, it will be noted, used a 
pressure of 110 atmospheres. (See paragraph 5201.) His work was on a small 
laboratory scale. The commercial possibilities of such pressures were slow in 
making a beginning. The hazards appeared too great. Yet today numerous 
plants are engaged in industrial operations utilizing pressures of several hundred 
atmospheres; and this too with casualties surprisingly small. The trend is 
toward still higher pressures, all to such an extent that the term “ high pressure 99 
so freely used in relevant publications demands a revised definition. Michels 
would have us no longer in doubt. He states I4 * : 44 In general we refer to pres- 
sures up to 2500 atmospheres as low, pressures between 2500 and 10,000 atmos- 
pheres are regarded as medium, and pressures above 10,000 atmospheres are 
regarded as high.” He also refers to preliminary work, consisting mainly of 
the examination of materials to stand 44 really high pressures 99 and then alludes 
to having reached pressures of 35,000 atmospheres. 

Apparatus for High-pressure Work in the Gas Phase 

6218. The inventors and manufacturers working in the carbon oxides syn- 
theses have been sparing in the publication of details of the construction of the 
plant. Most of the patent descriptions confine themselves to generalities, such 
as those relating to material for lining reaction vessels, and give little or nothing 
on the actual working designs. More is known of the construction of apparatus 
for nitrogen fixation, which presents somewhat similar problems. From publica- 
tions in this field and from articles on work with apparatus of experimental and 
semi-commercial scale, information may be derived which is applicable to the 
design and construction of large-scale installations. 

6219. Materials for High-pressure Reactions. The materials used in high- 
pressure hydrogenation must possess, in addition to high tensile strength, resist- 
ance to the corrosive action of the gases and vapors and to high temperature. 

6120. Various patent*, chiefly from the I. G. Farbenindustrie A.-G. or associated cor- 
porations, claim the use of certain materials for the methanol synthesis and for berginisation. 
Thus, the Badischo Company prescribes the use, in the methanol synthesis, of apparatus 
made of or lined with a metal or alloy which does not form carbonyls and which is resistant 
to tho temperature of operation. Such materials are, for instance, copper, silver, alum- 
inum and their alloys, special steels containing substantial amounts of chromium, man- 
ganese, tungsten, molybdenum, or vanadium, such as " steel V2A," or the metals chro- 
mium, manganese, tungsten, molybdenum, and vanadium themselves. Iron, nickel and 
cobalt must be excluded. To protect the reaction tube against the action of hot hydrogen, 
it may be formed of a steel wall with a lining of copper, or other suitable metals. 11 * 11 

>*• Ptoc. Royal Soe., 1930, A, Vo!. 117. 

11 Chan. Ab$t., 1925. 19 , 3490. 
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6231 . British Pat. 249,155, Mar. 14, 1925, to I. G. Farbenindustrie A.-G., for berginiza- 
tion apparatus, is analogous to the Badische patent just summarized relating to apparatus 
for methanol synthesis. 16 It is here specified that tho apparatus must be refractory to carbon 
monoxide under the conditions of berginiiation. The materials mentioned are: copper, 
silver, aluminum or its alloys, chromium, manganese, vanadium or uranium steels or corre- 
sponding alloys of nickel or cobalt containing manganese, titanium, chromium, tungsten, 
vanadium or molybdenum. Tin, zinc, cadmium, lead and their alloys may be used in cooler 
parts. 17 Note the mention of nickel and cobalt alloys. 

6222 . The British Pat. 277,273, Mar. 13, 1926, to tho I. G. extends the application of 
249, 155 (just cited) to other parts of the apparatus than those mentioned in the latter. Accord- 
ing to the earlier patent only the high-temperature zones wore to bo made of specially resistant 
metals (copper, silver, aluminum, chromium, manganese, vanadium or special steels). Experi- 
ence showed, however, that even in the cooler zones carbon dioxide was decomposed and that 
tho resulting monoxide attacked the walls with the formation of carbonyls. The same result 
may occur when the reactant gas introduced is only hydrogen, if the material treated is an 
oxygenated compound such as a phenol whose decomposition may lead to tho formation of 
carbon monoxide. All parts of the apparatus, therefore, must be made of the specified materials 
or, in the case of low- temperature zone, of tin, zinc, cadmium or lead. 16 

6223 . For the prevention of carbon deposit during berginization the apparatus may be 
lined with an alloy containing cobalt, molybdenum, tungsten, vanadium, manganese or nickel, 
together with boron, arsenic, antimony, silicon, bismuth, phosphorus or selenium. These 
alloys have also a catalytic function. 19 

6224 . A manganese bronze wall catalyst is used in tho hydrogenation of oils, tars, etc., 
at 450° C. and 200 atmospheres hydrogen pressure. A liquid product containing 25 per cent 
gasoline results. 10 

6226. Maxted ( loc . cit.) says little about any special construction material 
because he is dealing, in the article cited, with high-pressure work in general, and 
not with carbon oxide syntheses or with berginization in particular. He speaks 
of high-pressure vessels being of mild steel and says that they may be cast if an 
ample coefficient of safety is applied in the design, to allow for blowholes and other 
latent sources of local weakness. Ernst (loc. cit.) goes into considerable detail 
on the subject, and we shall draw largely on his article for what follows. 

6226. The choice of materials lies among the carbon steels, alloy steels and 
non-ferrous alloys. While the tensile strength of carbon steel increases with 
increase of the carbon content,* 1 the greater cost in raw material and working of 
high carbon steels causes them to be but little use for high-pressure work. For 
these purposes the alloy steels are preferred. At present the most used alloying 
materials are nickel, chromium and vanadium. The presence of nickel greatly 
increases the tensile strength of steel and heat treatment adds immensely to this 
strength. Chromium has little effect in increasing the strength of steel but, if 
heat treated, a chromium steel is hard, tough, and resistant to corrosion. Vana- 

16 Brit. Pat. 231,285. Cf. French Pat. 659,582, Aug. 28, 1928, to I. G.; Chan. Ab*t. % 
1929 , 5253. 

17 Chan. Abet., 1927, 21 , 1002. 

18 Chan. Age (London), 1927, 17 , 351. See also Ger. Pat. 490,248, Feb. 25, 1923, to I. G. 
(Pier, Rumpf and Stein, inventors); Chan. Abet., 1930 , 2137. 

19 Chan. Age (London), 1927, 17 , 352; Brit. Pat. 275,662, by the I. G. 

80 Brit. Pat. 282,814, to the I. G. Zinc is permeable to hydrogen at 300°. and more ao 
at 370°. It increases in crystal size after permeation. Copper is also permeable above 500° 
and the increase in crystal size probably causes the fissures which appear. Nickel is quite 
permeable to hydrogen at 470° and above, but there is no accompanying change in crystal 
size. Hendricks and Ralston, J. Ama. Chan. Soc. t 1929, 61 , 3278. 

11 Up to 0.83 per cent of carbon according to Sauveur, up to 1.4 per cent according to 
Dalby. 
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dium is usually employed together with chromium. For the ammonia converter, 
where high pressure, temperatures of 450°-500° C. f and corrosive gases are 
found, an alloy steel containing 2.5 per cent chromium, 0.2 per cent vanadium 
and 0.37 per cent carbon, has been found effective. For still higher temperatures 
nichrome (nickel 80-85 per cent, chromium 20-15 per cent) has proved satisfac- 
tory. All steels seem to be at their maximum tensile strength between 250° C. 
and 300° C. 


5887. Details of Construction. — Reaction Tube Head. Ernst shows three types of 
cylinder closure. In all the retaining bolts are in compression when under load. The bolt 
circle is as nearly as possible over the mean circumference of the gasket. These types are 
shown in Fig. 120. Type A, here shown on a tube 4i in. internal diameter is the best but is 
not practicable on small tul>es such as are used in experimental work. B and C are equally 
good as regards strength and gas tightness. B being the less bulky and the cheaper: it should, 
however, not be used where the nut end would be, across flats, greater than 4 in. The largest 



Fig. 120. 


(From Ernst: Ind. Eng. Chem. t 1928, 18, 667.) 


bolts practicable should be used. The gasket material is copper, silver, or some other rela- 
tively soft metal which, actually flowing under pressure will fill the small V groove cut alike 
into the seat in the cylinder and into the head.” 

5888. With a similar, or identical construction problem Max ted ( loc . ext.) deals in a dif- 
ferent way. Of gas-tight fitting covers for cylinders he shows two types (Fig. 121). In the 
first the cover has a shallow cylindrical projection which fits into a recess on the machined 
end of the high-pressure vessel, the actual joint being made by a gasket. In the second 
typo the gasket is in a rabbet cut round tho inside of the cylinder end. The gasket may bo 
of vulcanized fiber, lead, soft copper or aluminum. Fiber cannot be used for high tempera- 
tures, and lead has anti-catalytic properties. Formation of a gas-tight joint is facilitated by 
scoring both the projection and the recess with concentric circles. It is well to dress tho 
surfaces in contact with graphite paste. An aperture of this kind should be made as small 
as is practicable, for the difficulty of securing a gas-tight union increases rapidly with increase 
in the opening. 

6889. The greatest strength in a cover for a high-pressure vessel is given by an ellipsoid 
generated by an ellipse whose major axis is the diameter of the cover and whose minor axis 
is half that dimension. 

” A method for figuring such a gasket is given in Ind. Eng. Chcm. t 1925, 17, on pages 
781-783. This is an admirable article on the construction and layout of a direct synthetic 
ammonia plant, by Ernst. Reed and Edwards; it is extremely detailed and should be con- 
sulted by everyone intending to construct a high-pressure equipment, for no matter what 
chemical operation. 
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6230 . Tube Connections. Suitable tubing is obtainable commercially in almost all sizes 
up to a ratio of inside diameter : outside diameter:: 1 : 3. The Fixed Nitrogen Research 
Laboratory has used two sizes with special advantage, vis., A X A. ant * A X A- The 




Flo. 121. 

(From Chem. & Ind. (J.S.C.I.), May 28, 1926, 366.) 


smaller sizo is too small to stand threading for pressure work. It can be joined, however, 
without threading by the steel cone or the squeeze joint, both of which are shown in Fig. 
122 (£). This kind of joint has proved satisfactory with pressures up to 1500 atmospheres. 



Fxo. 122. 


which is probably well below the upper limit. When the wall thickness permits of threading, 
joints such as are illustrated in Fig. 122 (4 and C), are preferred by Ernst ( loc . cit.). The 
pressures to be withstood are higher than those met with in the methanol and similar syn- 
theses. 
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5131 . For joining two tubes the method shown in Fig. 123 is advised by Max ted. The 
ends of the tubee are faced and screwed into a pair of flanges, one of these is recessed and the 
other carries a projection fitting into the recess. The end of each tube projects very slightly 
beyond the projection or the recess, respectively. A metal or graphited ring of vulcanized 
fiber is inserted and the joint tightened by the bolts. The actual joint is between the ends 
of the tubes and the gasket. Such a joint is suitable for pressures up to 250 atmospheres. 
Figure 124 shows how a similar joint may be used to connect a tube with a vessel of larger 
dimensions. 




(From Chem. and Ind. ( J.S.C.l . ), May 28, 1926, 367) 


6132 . In making joints between a high-pressure vessel and its tubular connections, or 
between two lengths of such connections, rotating jointing faces should be avoided. For 



Fig. 125. 


connections at a metal face a metal-to-mctal ball and cone joint of the type used on cylinders 
for holding compressed gas is satisfactory (Fig. 125). No jointing ring is employed and. 
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the ball joint being only loosely coupled to the screwed-down part, no rotation of the ball face 
takes place during tho tightening. 

5233 . Sliding Joints. Tho leather bucket typo of sliding joint seems to be the only one 
which has proved satisfactory under high pressure. A simple form of such a joint is shown 
in Fig. 126. 



6234 . Electric Leads. Electric leads for heating, pyrometer wires and the like have 
frequently to bo run through the walls of high-prcesuro vessels. Figure 127 shows a simple 
method of passing an electric lead. A is tho bolt for carrying the current: B t and Bt are 
insulating gaskets of vulcanized fiber: C is a steel gasket to protect the outer fiber gasket. 
An insulating tube, shorter than tho thickness of tho vessel wall lines the drilled hole through 



which the conducting bolt passes. Figure 129 shows a method of effecting the same thing 
without the use of vulcanized fiber and which, therefore, will allow of exposure to higher tem- 
peratures. It is used where the space in the head is small. Tho insulating material is 
“selected" soapstone, i.e., soapstone whose faces are either parallel to or at right angles to the 
cleavage planes. Tho contained angles of the truncated cones are cut to a little under 60° 
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— about 58°-59°, the seat and follower ring are cut to 60°. If the vessel has to be tested 
hydraulically, the soapstone must not be in place and the hole must bo plugged, as soapstone 
will not stand up against water under pressure. It will, however, stand oil pressure. 



6238. Ernst and Reed M give a detailed description of a high-pressure relief valve which 
has the advantage over a pop valve that it reseats itself after relief of the excess pressure. 
A section of this valve is also shown in Ernst’s article in Ind. Eng. Chcm., 1926, 18, 668. 

5236. Larson and Karrer 24 figure and describe a magnetic regulating valve for maintain- 
ing constant pressure in a high-pressure system. It is intended, primarily, for use where the 
gas under pressure is supplied from storage cylinders.* 1 

6237. Ramsey 11 gives a summary review of high-pressure equipment. 


Experimental High-pressure Work in Gas Phase 

6238. The methods used in high-pressure experimental work are well exempli- 
fied in the small-scale synthesis of methanol from carbon monoxide and hydrogen. 

6239. Typical apparatus and methods are described in the following articles: Lewis and 
Frolich: Synthesis of methanol from carbon monoxide and hydrogen, Ind. Eng. Chem., 1928, 
20, 286; Frolich, Fenske and Quiggle: Decomposition of methanol by catalysts composed 
of copper and xinc, Ind. Eng. Chem ., 1928, 20, 694; Morgan, Taylor and Hedley: Syntheses 
under high pressure — interaction of carbon monoxide and hydrogen, J.S.C.I., 1928, 47, 
117T; Krase: High-pressure gas research at the University of Illinois, Chem. Met. Eng., 1928, 
36, 463; Brown and Galloway: Methanol from hydrogen and carbon monoxide, Ind. Eng . 

11 Mech. Eng., 1926, 48, 695. 

* Ind. Eng. Chem., 1922, 14, 1012. 

u Diagram and short description in Ernst, Ind. Eng. Chem., 1926, 18, 668. 

16 Chemical engineering in high-pressure processes. Ind. Chemist, 1927, 3 391 ; Chem. Abst., 
1928, 22, 126. Corblin describes means for removing and measuring liquids from containers 
containing gases under high pressure, such as methanol or ammonia from catalytic apparatus 
in which they are formed. French Pat. 660,353, Dec. 24, 1927; Chem. Abst., 1930, 175. 
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Chem., 1928, JO, 960. The Fixed Nitrogen Research Laboratory of the Bureau of Chemistry 
and Soil, U. 8. Department of Agriculture, has published a bulletin descriptive of satisfactory 
equipment for high-pressure laboratory work, up to 1500 atmospheres. This includes 
working drawings of almost all machine work necessary.* 7 Hopkins, Times Trade and Eng. 
Suppl. (London), 1928, 13, 34. 

5240. Provision must be made for the following: 1. Preparation, purifica- 
tion, and storage of carbon monoxide. 2. Compression and temporary storage 
of mixed gases. 3. Reaction tube (static or flow) with means for determining 
temperature and for controlling the same. 4. Condensing apparatus. 5. Recir- 
culation circuit. 6. Guard screen. 

6241. Preparation of Carbon Monoxide. Carbon monoxide is produced by 
heating together formic and sulphuric acids. The reaction takes place in two 
“ tantiron ” vessels (Fig. 130), which are half-filled with sulphuric acid, heated to 



Fio. 130. 


about 200° by gas ring burners. Formic acid, stored in earthenware jars over- 
head, is delivered slowly through a tube dipping below the surface of sulphuric 
acid, when carbon monoxide is evolved in a steady stream. This gas, after wash- 
ing in a tower packed with broken silica ware, down which flows 10 per cent 
aqueous caustic soda, is collected in a gas-holder. The water produced in the 
reaction is evolved as steam which condenses at the base of the caustic soda tower; 
there is therefore no dilution of sulphuric acid, which may be used almost indefi- 
nitely. The iron vessel appears to be only slightly corroded, while the carbon 
monoxide produced contains less than 0.5 per cent of hydrogen. 11 Brown and 
Galloway ( loc . cit.) use phosphoric instead of sulphuric acid and wash the gas 
with water and alkali. 

5241A. Pure Carbon Monoxide for Experimental Purposes. Thompson 

17 Dilley. A High-pressure Gas-compression System, U. S. Dept, of Agriculture, Cir- 
cular No. 61, Jan., 1929, 18 pages with many illustrations and cost estimates. 
n Morgan, et a/., loc. cil. 
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describes an apparatus in which carbon monoxide of 99.9 per cent purity can be 
prepared. A regulated stream of formic acid is dropped into 85 per cent phos- 
phoric acid heated at 170°. The water vapor and unchanged formic acid are 
condensed from the gas stream, which is then washed with dilute sodium hy- 
droxide solution. After compressing into steel cylinders traces of iron carbonyl 
and carbon dioxide were found in the gas. The combined output of two genera- 
tors (10-liter Pyrex flasks) is 200 cu. ft. in 7 hrs. with an efficient utilization of 
formic acid of 92 per cent. The phosphoric acid baths can be used indefinitcly. ,#a 

5242. Commercial hydrogen in cylinders ordinarily is used. 11 A convenient 
and inexpensive laboratory apparatus for the electrolytic preparation of hydro- 
gen is described by Fink and Mantell. 10 This is a simple glass cell using nickel 
electrodes in a 30 per cent sodium hydroxide solution. At 15 amperes 5.66 liters 
per hour of hydrogen are produced. 

6243. Storage of the carbon monoxide requires only gas holders of the famil- 
iar inverted bell type with water seal and counterpoise. Before passing to the 
compressor, the gas may be sent through a train of scrubbers. 

6244. Compression. Up to the ordinary pressures of the methanol synthesis, 
with a maximum of 4000 lb. to the square inch (275 atmospheres) compres- 
sion of the mixed gases may be carried out by three-stage water-cooled compres- 
sors, 31 of which several makes are on the market. For higher pressures, on a 
laboratory scale, hydraulic compression seems, at present, the only means avail- 
able.” The first experiments of Morgan and his collaborators were carried out 
with the aid of a hydraulic compressor system, constructed from unite supplied 
by the British Oxygen Company. 

5244A. The apparatus (Figs. 131 and 132) consists of cylinders. Hi, H%, \ cu. ft. capacity, 
designed to work up to 300 atmospheres; each cylinder is provided with a water reservoir, 
Rx, Rj, from which water can be pumped into the cylinder, or into which water can be returned 
from the corresponding cylinder. Those cylinders are first filled with compressed gas from 
the storage cylinder (C1-4), which is then further compressed by pumping in water. In each 
reservoir a float actuates an alarm when the corresponding cylinder is either nearly full or 
nearly empty. The tubing used to carry the compressed gas, tested to 400 atmospheres, 
is made of soft, solid-drawn copper, A internal diameter, | in. external diameter, or /j in. 
internal diameter and /j in. external diameter. Steel tubing A in. internal diameter and 
f in. external diameter is used when the temperature does not permit of the use of copper. 

A joint is made between two pieces of the small-size tubing by means of a close-fitting 
sleevo, the joint being finally scaled by soft solder, or silver solder, according to the temper- 
ature to be attained by the joint. The sleeve is made a "push fit" to keep the film of solder 
as thin as possible. T-pieces, elbow joints, and sockets (Fig. 133) are made of mild steel 
turned up from the solid and bored for a "push in" fit, secured by soldering. The surfaces 
of joints before soldering are tinned when possible. In the case of the larger size of copper 
tubing, it is found necessary to screw all joints before soldering. Unions of the ball-and- 
socket type, made of drawn brass, have proved effective when there is no great temperature 


,lfl Ind. Eng. Chem ., 1929, SI, 389; Brit. Chem. Abat ., 19S9, 431B. 

” " ... electrolytic hydrogen from the manufacturer whoso product was used in these 
experiments has since been found to be contaminated occasionally with illuminating gas." 
Lewis and Frolich ( loc . cit.). 

M Trans. Am. Elcctrochem. Soc., 1927, 52; Chem. Abat., 1927, 21, 2849. 

,l Krase, loc. cit. 

n Krase, loc. cit.; a Reavoll compressor, compressing 3 cu. ft. per min. to 300 atmospheres, 
was used by Morgan and his collaborators. 
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change. The union between valves and tubing is made with an annular knife edge, integral 
with the bronze valve casting, which is seated on a soft copper disc brazed on the tube end. 

The smaller size valve ** consists of a steel spindle tapering to a point, which closes down 
on a bronze seat integral with the body. The screwed portion of the valve spindle lies l>etween 
the tapered point and the gland packing. In the larger type the valve itself is free to rotate 
in a brass bush screwed into the spindle; there is, consequently, no grinding action between 
the valve and its seating when brought into contact .* 4 



Flo. 131. 


6246. Hydraulic pumps for pressures even above 100 atmospheres are avail- 
able commercially. Ernst ( loc . cit.) describes and illustrates such a pump made 
and used at the Fixed Nitrogen Research Laboratory. 

6246. Bourdon gauges having proved unreliable (breaking at pressures l>elo\v 
those for which they were supplied) Ernst (loc. cit.) illustrates and describes a 
dead-weight gauge which has given satisfaction. 

6247. The gases compressed to the desired degree are stored in cylinders of 
the usual type, provided with the necessary valves. From these the gas is deliv- 
ered to the reaction vessel. It is an occasional practice to place an oil-separator 
and purifiers between the storage cylinder and the catalyst-containing reaction 
vessel.* 6 Also there may be advantage in pre-heating the gas.*® When first intro- 

** Valves supplied by British Oxygen Co. 

• 4 Morgan, Taylor and Hedley, loc. cit. 

,s Lewis and Frolich, loc. cit. 

M Brown and Galloway, loc. cit . 
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duced gas may advantageously be passed over heated copper oxide and through 
calcium chloride and soda lime. In this way oxygen, water and carbon dioxide 



are removed and also, it seems, 17 any 
iron carbonyl that may be present. 

6248. The Reaction Vessel (Cata- 
lyst Tube). The design of the vessel 
in which the reactant gases are to be 
brought in contact with the catalyst 
depends on whether the operation is 
to be “ static ” or " flow ” in character. 
In the static type the gases are sealed 
with the catalyst under a high initial 
pressure, which falls as the reaction 
proceeds, the fall being observed on a 
gauge. In the flow type the gases are 
caused to pass continuously over the 
catalyst, generally with recirculation, 
sometimes with the addition of make- 
up gas, and always with removal of 
reaction products. 


Fio. 132. 5249. Static or Bomb Apparatus. The ap- 

paratus first used by Morgan for testing cata- 
lysts consisted of a copper-lined steel reaction vessel A (Fig. 134), heated in a metal bath E. An 
immersed thermo-couple, TC, indicated the temperature. The compressed gas mixture was 
led quickly through the valves V\ and Vi into the reaction vessel which held the catalyst. 
As soon as the required pressuro (say 200 atmospheres) was reached the valve V% was closed, 



Fio. 133. 


and the timo taken for the pressure, as shown by the gauge B , to fall a given number of 
atmospheres. After an experiment the gases were led to waste through valve V 4 . The 
apparatus was mounted in an angle-iron frame behind the steel-plate screen, which carried 
in front the control valves, Budenberg pressure gauges (no-capacity type), and pyrometer 
indicator. A section of the reaction vessel (Fig. 135) shows that the actual joint was made 

17 Brown and Galloway, loc. cit. % quoting Fieldner and Jonea. 
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between a phoephor-bronxe cap, b rased on to the copper inlet tube, and the lip of the copper 
liner; graphite composition was placed on the two surfaces to prevent welding together under 
conditions of high pressure and temperature. The apparatus was tested for leaks before an 
experiment by filling with compressed hydrogen, when any diminution of pressure after the 
catalyst had been reduced could only be due to leakage. 

6250. Flow Apparatus. Kraae uses a 1-in. O.D. by |-in. I.D. nichrome tube internally 
copper-plated. He does not give the length, but states that a quantity of catalyst which 
has a bulk of 15 cc. is normal and permits of due flow of the gases. An aluminum sleeve is 
cast around the tube for about 1 ft. of its length: this is to insure uniformity of temperature. 
Heating is effected by a split, multiple-unit electric furnace, controlled by a rheostat. The 




Fio. 135. 


temperature of the catalyst is estimated by observation of the temperature of the aluminum 
sleeve and by applying the observed average difference between the temperature of the two 
tubes. The tubes used by Lewis and Frolich wero constructed of chrome vanadium steel, 
copper-lined. They were fitted with thermocouple wells. The catalyst occupied one-third 
of the free space, the lower and upper parts being filled with copper shot to insure unifor- 
mity of temperature. The first, small, flow apparatus used at Teddington (Morgan, Taylor 
and Hodley) had a reaction vessel of Vi brae steel, copper-lined, the end pieces being con- 
structed as for the static bomb already described. This was heated in a metal bath. In 
their larger plant three copper-lined steel reaction vessels, each of 70-cc. capacity, were placed 
vertically in a metal bath heated by a gas ring. The metal bath was kept at a uniform tem- 
perature by means of a mechanical stirrer. 

6261. Condensing System. The reaction vessel leads to a water-cooled spiral con- 
denser and receiver. In the Teddington apparatus the union between the reaction vessel and 
the condenser is water-cooled to prevent loosening of the joints from unduo temperature 
variation. Blocks of copper fitted to each of the delivery pipes between the reaction vessel 
and the water-cooled union are drilled for thermometers: the temperature of the block is 
an indication of the rate of flow of gas. The three reaction vessels may be used in series or 
in parallel. The receiver is fitted with a valve for the withdrawal of condensate: this valve 
is in front of the control panel. 

5262. Circulating System. The gas is forced round the system by a circulating pump 
fitted with an oil separator. It was found necessary * to place in this part of the circuit 

* Both at Teddington and at the U. S. Bureau of Mines Station (Brown and Galloway). 
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an auxiliary condenser cooled to a lower temperature than the main condenser. The object 
of this was to prevent alcohol separating with the oil. The circulating pump used at Ted- 
dington is of the double-acting type, designed to pass 120 cc. of compressed gas each complete 
revolution. The volume displaced by the piston at each end of the cylinder is identical, 
since the piston rod passes right through the cylinder and glands are fitted at each end. The 
latter are sealed with oil supplied under pressure from a small force pump driven by an 
eccentric on the crank shaft. The gland packing, originally of the standard hydraulic hat 
leather type,* has since been replaced by standard S.E.A. rings. The present packing, 
which is still in use, has functioned without adjustment in more than two million revolutions, 
a performance corresponding with fifty working days of twenty-four hours each. Provision 
should be made for taking samples of the circulating gases. This can best be done by placing 
a sampling valve on a holder in the recirculation circuit. This valve should deliver in front 
of the control panel. The tubing throughout should be of copper and the pumps are, prefer- 
ably, made of bronze. 

0253. Control Panel. The operator should be able to manipulate all valve®, take sam- 
ples and read gauges while separated by a safety screen from the high-pressure cylinders, 
etc. At the University of Illinois (Krase, loc. cii.) the storage cylinders, gauge and valves 
are shielded from the main laboratory by a three-sided steel structure, open at the top and 
rear. Extension handles enable the valves to be operated from the "safe" side of this screen. 

6264. Apparatus for Decomposition of Methanol. One research of Frolich, 
Fenske and Quiggle 40 was concerned, not with the catalytic synthesis of methanol 
from carbon monoxide and hydrogen, but with the catalytic decomposition of 
methanol into carbon monoxide and hydrogen. It was therefore carried out at 
atmospheric pressure. 41 Nevertheless, it was directly relevant to our subject 
because its object was the investigation of catalysts suitable for the methanol syn- 
thesis. It was 44 justifiable to suppose that the catalyst mixture giving the maxi- 
mum decomposition into carbon dioxide and hydrogen would be particularly 
suitable for the synthesis of methanol from these same gases under pressure. 
Indeed, the early researches of Sabatier 41 served as a guide in the search for cata- 
lysts for the methanol synthesis.” 41 

5265 . The results of this research are mentioned elsewhere: we are here concerned with 
the apparatus and method. Referring to Fig. 136, A is a graduated 10-cc. bulb containing 
methanol heated by boiling carbon tetrachloride (b.p. 76° C.) in the 1-liter wide-mouthed 
Erlenmeyer flask, B, provided with a reflux condenser, C. The funnel, D, supplies a means 
of introducing methanol into the bulb, A, through the stopcock, B . The methanol vapor 
generated in A under pressure (because the carbon tetrachloride boils 11° C. above the 
normal boiling-point of the alcohol) passes at a constant rate through the electrically heated 
orifice, F, and the stopcock, H, into the reactor, /. The orifice line also has a side arm, G , 
through which nitrogen may be introduced for flushing out the system. The reactor, J, 
consists of a 16 by 250-mm. Pyrex glass tube fitted snugly into another of 20 mm. diameter 
and wound with chromel ribbon for electrically heating the chamber. A 35- mm. Pyrex 
glass tube encloses the reactor and enables satisfactory temperature control. A calibrated 
thermometer, K, fitted into the reactor by means of an asbestos plug, the joint being made 
gas-tight by litharge-glycerol cement, projects into the reactor as far as the catalyst, which 
is located in a 12 by S8-mm. porcelain boat in the center of the reaction chamber. 

* Ronald Trist, London. 

40 Ind. Eng. Chcm. t 1928, 20, 694; cf. para. 1311. 

41 CHjOH (1 vol.) — >CO(l vol.) + 2Hj(2 vols.): the reaction resulting in an increase 
of volume is favored by low pressure. Frolich, Fenske, Taylor and South wick (Ind. Eng. 
Chem., 1928, 20, 1327; Brit. Chem. Abst., 1929, 153A), synthesizing methanol, demonstrated 
the justice of their reasoning. 

41 Sabatier and Mailhe, Compt. rend., 1908, 146, 1376; 1909, 146, 1734; Sabatier and 
Sendcren8, ibid., 1903, 136 , 921. 

41 See Lormand (on Pa tart's work), Ind. Eng. Chem., 1925, 17 , 430. 
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Tho boat is introduced and removed at the left-hand end of the chamber. The reaction 
gases and undecomposed methanol leave the reactor through the exit tube, L, the gas passing 
through three low-head scrubbers, A/, in series, the first containing distilled water, the second 
a mixture of 50 per cent pure methanol and 50 per cent distilled water, and the third pure 
methanol. The undecomposed methanol condenses in the first scrubber. The reaction 
gases pass through a fourth scrubber, a Kuna absorption bulb, which contains pure methanol 
and is immersed in a mixture of carbon dioxide snow and ether (temperature —76° C.) in a 
Dewar flask, N. The reaction gases are then collected over a saturated zinc sulphate solu- 
tion in the 4-liter gasometer, O , provided with a manometer, P , and a leveling device, Q. 



Fia. 136. — Apparatus Used by Frolich, Fenske and Quiogle in Studying the Decom- 
position of Methanol. See paragraph 5255. 


6S56. Procedure. Before each run the entire system is flushed out with nitrogen. With- 
out collecting any reaction products, .0462 mol of methanol is passed over 0.43 g. of catalyst 
for reduction, the temperature being kept as low as possible that the most active catalyst 
may be obtained. Then, with the system in readiness to collect the decomposition products, 
0.1156 mol of methanol is passed at a constant rate over this catalyst in ninety-three min- 
utes. In every run the temperature is 360° C. and the total pressure 1 atmosphere (plus a 
head of liquid in tho scrubbers which is always between 6 and 7 mm. of mercury). The unde- 
composed methanol, as well as the methyl formate and formaldehyde formed, is taken out in 
the scrubbers, A/, any last traces of the last two products being caught in tho low-temperature 
scrubber, N. Tho reaction gases pass on and are collected in the gasometer, O. At the 
end of the run, when 0.1156 mol of methanol has passed over the catalyst, tho residual decom- 
position products are swept into tho gasometer with nitrogen. Before tho catalyst is removed 
it is cooled to room temperature by a constant stream of nitrogen in order to prevent oxida- 
tion and permit further study of its chemical composition and physical structure. Tho 
reaction gases are analyzed in a Burrell gas-analysis apparatus for carbon dioxide, unsaturateds, 
oxygen, hydrogen, carbon monoxide, and methane. Formaldehyde is determined by the 
iodine method: methyl formate by adding excess of 0.1 N sodium hydroxide and, after 
standing, titrating the excess sodium hydroxide. 

6256A. Investigations of a similar character have been made by Huffman 
and Dodge. Experiments were carried out at 350° with catalysts varying in 
composition from pure zinc oxide to pure chromic oxide. 43 * The catalysts were 


"• Huffman and Dodge. Ind. Eng. Chcm, 1920, 21, 1056. 
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prepared by precipitation of the hydroxides from solutions of the mixed nitrates 
by addition of ammonia solution. After washing and drying at 110°, the cata- 
lysts were reduced by hydrogen up to a temperature of 300° before being used. 
The addition of a small amount of chromium oxide to zinc oxide caused a decrease 
in the total decomposition of methyl alcohol, contrary to its effect in the synthesis. 
If only the decomposition into carbon monoxide and hydrogen is considered the 
effect is in accord with that observed in the synthesis. In all the decomposition 



Fio. 137. — Apparatus Used bt Huffman and Dodge in Observations on the Decom- 
position and Synthesis of Methanol, Employing as Catalysts Various Mixtures of 

Oxides of Zinc and Chromium. 

A , an "adiabatic*’ boiler; B and C, catalyst chamber; D, condenser; F % free sing coil 
condenser; G % manometer; H , flowmeter; /, water scrubbing column; J t sampler; K t gas 
meter; L, hydrogen cylinder; Af, flowmeter; N and 0, purifiers. The experimental 
method consisted in passing methanol vapor at a constant rate of 0.00970 g. per second 
through a bed of granular catalyst supported in a vortical glass tube and heated by an electric 
furnace to a constant temperature of 350° C. The liquid and gaseous products leaving the 
catalyst were collected and analyzed to determine the nature and extent of the decomposition. 
The rate of passage of methanol vapor was so chosen that the maximum decomposition 
obtained with the best catalyst was considerably less than 100 per cent in order to compare 
the activity of the catalysts at a point sufficiently removed from equilibrium. Ind. Eng. 

Chem ., 1929, 21 , 1056. 

experiments the activity of the catalysts was found to decrease. No such 
decrease was observed in the synthesis experiments. In addition to carbon 
monoxide and hydrogen the following substances were detected during the decom- 
position: carbon dioxide, methane, methyl formate, formaldehyde, dimethyl 
ether, unsaturated compounds, together with traces of unidentified substances. 
The percentage of methyl alcohol decomposed into various products is expressed 
as a function of the composition of the catalyst. Although the results obtained 
differ in some respects from those of Frolich and his co-workers, the catalyst 
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Fio. 138 . — Percentage Decomposition as a Function of Catalyst Composition and 
Comparison of Synthesis and Decomposition Resui/ts with the Same Catalysts. 

Curve I — Total percentage methanol decomposed; Curve II — Percentage methanol 
decomposed as based on free hydrogen in gas; Curve III — Percentage methanol decomposed 
as based on carbon monoxide in gas; Curve IV — Percentage carbon monoxide converted in 
the synthesis. Huffman and Dodge, Ind. Eng. Chem. t 1929, tl, 1056. 



Fig. 139. — Percentage of the Decomposed Methanol Which Appears as Various 
Products as a Function of Catalyst Composition. Huffman and Dodge, Ind. Eng. 

Chem., 1929, II, 1056. 
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having the maximum activity was found to have the composition Zn/Cr = 4, in 
close agreement with Frolich’s work. See Figs. 137, 138, 139, and 140. 



Fio. 140. — Rate of Gas Production with Various Catalysts. Huffman and Dodge 

Ind. Eng. Chem., 1929, SI, 1056. 


Hiqh-pressdre Work in the Gas Phase 

CATALYSTS 

6267. Catalysts Used in Experimental Work. It is of interest to note what 
catalysts were used by the experimenters whose apparatus and methods we have 
been considering, how they were prepared, and the results obtained. 

6268. The most notable thing is that none of these groups of workers reports 
experiments in which zinc was absent from the catalyst. Nor does any one of 
them appear to have worked with catalysts containing iron, nickel or cobalt. 44 

6269. While a number of qualitatively different catalysts were tested (espe- 
cially by Morgan and his collaborators at Teddington) it is significant that, for the 
main experiments, three of the groups used catalysts containing compounds of 
zinc and copper, in one case as chromates. The fourth group used chromates 
of zinc. 

5360. Zt'nc Oride Alone. Because Sabatier had found sine oxide alone to be a good 
catalyst for tho decomposition of methanol. Patart 4 * turned to it first in his search for a 
synthotic catalyst. He was disappointed, however, and, damning it with faint praise, turned 
to and had better results with mixed oxides. That methanol can be obtained with this cata- 
lyst, but that it is of low activity was also the conclusion of the Teddington workers. 44 The 
xinc oxide catalyst they used was made by mixing the oxide with water to a thick paste, 
squeezing this through a circular orifice, drying the vermiform mass thus obtained at 130° C.. 
breaking up into granules, and using those which would pass through a sieve with circular 
holes 0.5 cm. diameter and not through one with holes 0.25 cm. diameter. 

44 The reference is to methanol synthesis only. 

41 Bull. toe. d'encour., 1925, 137, 141. 

44 Morgan, Taylor and Hedley, loc. cit.; also Frolioh etaL.loc.eiL 
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6261. The most elaborate study of the behavior of the xinc oxide catalyst is that recorded 
by Brown and Galloway. 47 They prepared the catalyst by precipitating basic xinc carbonate 
from hot solutions of sine nitrate and sodium carbonate and washing it free from nitrates. 
The moist precipitate was pressed into threads 2.4 mm. diameter, air-dried and then slowly 
heated up to 300° C. under reduced pressure. The resulting oxide was used directly. It 
was found to be less efficient than the other catalysts (normal and basic sine chromates) 
in that it was leas active, gave poor yields at low temperatures and was shorter lived. The 
details will be taken up in a later part of this chapter. 

6261. Highly Active Zinc Oxide Catalyst. 41 According to British Celanese, Ltd., Bader 
and Green, a sine oxide catalyst for methanol synthesis may be prepared whch is highly 
active without a promoter, such as chromium oxide, and which is not usefully improved by 
the addition of a promoter. Zinc carbonate is precipitated from a very dilute solution in 
presence of protective oolloids such as starch, saponin, pectin, hydrated silica. Electrolytes 
are removed by thorough washing and the sine carbonate gel is dried by heating under 
reduced pressure. The conversion to oxide by heating must be carried out at temperatures 
between 250° and 400° C. 

6263. Zinc Oxide and Copper Oxide. This mixture was tried by Morgan and his collab- 
orators and it was the catalyst used by Frolich, Fenske and Quiggle, as well as by Lewis and 
Frolich, in the last case with an admixture of alumina. The article by the first group merely 
mentions the trial of this mixture without further particulars as to proportions, mode of 
preparation, or results. 

6264. Frolich, Fenske and Quiggle describe the preparation of catalyst as follows: Ammo- 
nia was added to 1 mol of a mixture of chemically pure xinc and copper nitrates dissolved 
in 3 liters of distilled water. The solution was kept at a constant temperature of 85° C. and 
thoroughly agitated by a motor-driven stirrer. Ammonia, 1 part by volume of concentrated 
chemically pure ammonia of specific gravity 0.89 to 2 parts of distilled water, was added at 
a constant rate of 20 cc. per minute until the end-point was reached, xinc and copper hydrox- 
ides being precipitated together. 

6264A. Unless the precipitates settled immediately, in which case they were washed by 
decantation, the suspensions were poured onto a suction filter, the unfilterod portions being 
kept at 86° C. until ready for filtering. The precipitates were then washed with 8 liters of 
distilled water at 85° C., the precipitates on the filter being stirred as much as possible. 
When the hydroxides became caked on the filter, they were removed and dried for three days 
in an oven at 110° C. After crushing and screening through a 60-mesh sieve, the catalysts 
were heated for four hours at 220° C., the hydroxides being converted to the oxides and any 
adhering ammonium salts volatilised and driven off by a constant stream of nitrogen passing 
through the heating chamber. 

6264B. The catalysts were analysed for copper by dissolving 0.2 to 0.4 g. of the oxides in 
6 N sulphuric acid, cooling, adding potassium iodide, and titrating with 0.1 N thiosulphate 
solution. From these data the per cent copper oxide was calculated, the per cent xinc oxide 
being determined by difference. 

• 6264C. The method of precipitating sine and copper hydroxides together was chosen 
because experiments on catalysts prepared (1) by precipitating xinc hydroxide on copper 
hydroxide, (2) by precipitating copper hydroxide on xinc hydroxide, (3) by mixing the hydrox- 
ide gels, and (4) by calcining the nitrates showed the resulting mixtures to be inferior in activ- 
ity to the catalysts made by precipitating the hydroxides together. 

Comparative Efficiency of Copper Oxide-Zinc Oxide Catalysts 49 Prepared by 

Various Methods 

Method of Preparation Decomposition Efficiency 


Zinc hydroxide precipitated on suspended copper hydroxide .... 75 

Copper hydroxide precipitated on suspended xinc hydroxide 67 

Hydroxide gels mixed 83 

Calcined nitrates 70 

Co-precipitation of hydroxides 100 


47 Loc. cit. 

49 Brit. Pat. 300,142, May 2, 1927, to British Celanese, Ltd., Bader and Green. 

49 Composition of catalyst: copper oxide, 95 mol per cent; xinc oxide, 5 mol per cent. 
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5264D. The catalyst prepared by co-precipitaton of the hydroxides showed a definite 
superiority over those made by other methods. Therefore extended work was done with 
such catalysts to determine the effects of variations in the proportions of the two constituents. 
Bearing in mind that we are dealing with the efficacy of the catalysts for decomposition, the 
results are summarized as follows: 1. The maximum decomposition of methanol and forma- 
tion of carbon monoxide occur when the zinc oxide is present in excess. 2. Between 40 and 
60 mols per cent zinc oxide, the mols of carbon monoxide formed per mol of methanol increase 
about 360 per cent. 3. The addition of a small amount of zinc oxide to copper oxide mark- 
edly increases the decomposition of methanol. A catalyst composed of 3 mol per cent zinc 
oxide and 97 mol per cent copper oxide decomposes 2G per cent of the methanol, while pure 
copper decomposes only 9 per cent under otherwise constant conditions. 4. A similar pro- 
moter offect is observed when a small amount of copper oxide is added to zinc oxide. That 
is, a mixture containing 98.6 mol per cent zinc oxide and 1.4 mol per cent copper oxide decom- 
poses 41 per cent of the methanol, whereas pure zinc oxide decomposes 33 per cent under 
parallel conditions. 5. Copper promoted with zinc oxide especially favors the formation of 
methyl formate, while carbon monoxide formation is favored by zinc oxide promoted with 
copper. 60 

6265. Catalytic Decomposition of Methanol. Applying the results obtained in the 
work on the catalytic decomposition of methanol, Frolich, Fenske, Taylor and Southwick 
have used the copper oxide — zinc oxide catalysts in methanol synthesis at 204 atmos- 
pheres. They conclude that the atmospheric pressure decomposition method of testing is 
applicable for the selection of catalysts for the methanol synthesis at high pressure. 

6266. The reversal of the methanol synthesis — the catalytic decomposition 
of methanol into carbon monoxide and hydrogen— has also been studied by 
Smith and Hawk. 61 The temperatures were about 300° C., the catalysts similar 
to those used in the synthesis: zinc oxide, zinc oxide with chromic or vanadic 
acid, cadmium oxide and chromic acid. The analogous decomposition of formic 
acid was investigated by Muller and Schwabe, 51 using as catalysts the metals of 
the platinum group prepared by the method of Paal and Poethke. Of these pal- 
ladium was by far the most active: platinum was less active, the others inactive. 

6267. The catalyst used by Lewis and Frolich had an original 61 composition of zinc oxide 
36 per cent, copper oxide 44 per cent, alumina 20 per cent. This mixture was supported on 
metallic copper in the proportion of 1 of catalyst mixture to 3 of copper: the function of the 
copper was to minimize local overheating due to the exothermic methanol reaction. These 
workers prepared the catalyst in a manner similar to that used by Evans and Newton. 44 
The three hydroxides are co-precipitated by ammonia from an aqueous solution of the nitrates 
at 86° C. With the gel resulting from thorough washing of the precipitate, the metallic copper 
is incorporated and the mass is then dried at 110° C., giving a granular product. This is 
placed in the reaction vessel and treated, at 180°-200° C., with the carbon monoxide-hydrogen 
mixture under a pressure of 6.8 to 26 atmospheres for two to four hours. The copper oxide is, 
presumably, reduced to copper, the aluminum hydroxide in part dehydrated and, probably, 
the zinc oxide also in part reduced. 66 

6267A. The close similarity between the decomposition and the synthesis 
of methyl alcohol previously noted with zinc-copper catalysts is also evident with 
zinc-chromium oxide catalysts. 66 - Catalysts containing less than 50 mol per 
cent of chromium are mixtures of zinc oxide and chromium trioxide, and can be 

60 Frolich et a/., loc. cii. 

61 J. Phya. Chem .. 1928, 32, 415. 

61 Z. EUktrochem., 1928, 34, 170; Bril . Chem. Abal ., 1928, 488A. 

61 That is, before reduction. 

64 Ind. Eny. Chem., 1926, 18, 613. On catalysts for the production of hydrogen from 
water-gas. 

16 See para. 5324, footnote. 

“-Cryder and Frolich, Ind. Eng. Chem., 1929, 21, 867-871; Brit. Chem. Abet., 1929, 934B. 
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dehydrated and reduced by methyl alcohol at 220°; above 50 per cent the excess 
chromium is added as the sesquioxide, since then the higher oxide is irregularly 



Fio. 141. — Per Cent or Total Decom- 
posed Methanol Occurrino as Carbon 
Monoxide. Carbon Dioxide. Methane, 
Formaldehyde, Unsaturated Hydrocar- 
carbons and Methyl Formate with 
Zinc-Chromium Catalysts of Various 
Compositions. (Cryder and Frolich.) 


Fio. 142. — Total Decomposition or 
Methanol at Atmospheric Pressure 
and 340° C., and Synthesis at 3000 Lbs. 
Pressure (204 Atmospheres), Usinq a 
Constant Weight of the Same Catalyst. 
(Cryder and Frolich.) 
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Fio. 143. — Effect of Chanoe of Temper- 
ature on Activity of a Zinc-Chromium 
Catalyst for Decomposition of Metha- 
nol. (Cryder and Frolich.) Catalyst 
composition: sine, 75; chromium, 25. 
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Fio. 144. — Total Decomposition or 
Methanol at Atmospheric Pressure 
and 340° G\, and Synthesis at 3000 Lbs. 
Pressure (204 Atmospheres), Usino as 
a Basis 1 cc. of Same Catalysts. (Cryder 
and Frolich.) 


reduced. The decomposition experiments, carried out at 1 atmosphere and 
340°, show that a maximum yield of carbon monoxide, equivalent to 85 per cent 
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of the methyl alcohol converted, occurs with a catalyst containing 75 mol per 
cent zinc. Catalysts richer in chromium give relatively large yields of carbon 
dioxide and unsaturated hydrocarbons, while those richer in zinc tend to produce 
methyl formate. The activity of the catalysts, as shown by the amount of 
alcohol decomposed, has also a sharp maximum at 78 per cent zinc. In the 



Fia. 145. — Comparison of Methanol Decomposition at 340° C. and Atmospheric 
Pressure with Synthesis at 350° C. and 3000 Lbs. (204 Atmospheres) Using Same 

Catalysts. (Cryder and Frolich.) 



Fia. 146. — Effect of Increase in Tem- 
perature on Yield of Methanol from 
Carbon Monoxide and Hydrogen, Using 
Zinc-Chromium Catalysts. (Cryder and 
Frolich.) 



Fia. 147. — Distillation Curve for 
Liquid Product Obtained from Carbon 
Monoxide and Hydrooen at 3000 Lbs. 
(204 Atmospheres) and 350° C., Usino 
Zinc-Chromium Catalyst. (Cryder and 
Frolich.) Catalyst composition, 4Zn : lCr. 


synthetic experiments, carried out at 204 atmospheres and 350°, the maximum 
production of methyl alcohol occurs with a catalyst containing 77 mol per cent 
zinc, in which case 18 per cent of the carbon monoxide is converted. The 
optimum temperature for a catalyst of this composition is 370°-390°; the liquid 
product formed is shown by fractionation to be almost pure methyl alcohol. 
The yield of formaldehyde was almost constant throughout the decomposition 
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experiments, and it is suggested that this is an intermediate product, which 
either breaks down to carbon monoxide and hydrogen or yields methyl formate 
as a condensation product. This work was followed by a study of the properties 
of a catalyst composed of the oxides of zinc, copper, and chromium, in which 
the metals are present in the molecular ratio 43 : 49 : 8. The results show that 
this ternary mixture is far more active in promoting the decomposition and in 
the synthesis of methyl alcohol than the binary systems copper-zinc and chro- 
mium-zinc. The temperature range of the decomposition experiments was 
220°-285°. It was found that at temperatures above 250° the alcohol decom- 
posed according to the equation CHiOH = CO + 2Hi with very little production 
of formaldehyde or methyl formate, while at lower temperatures these two sub- 
stances were found in somewhat larger amount. When methyl alcohol is passed 
over the catalyst at 180° important quantities of carbon dioxide appear in the 
exit gas due to the reduction by carbon monoxide of the oxides; the hydrogen 
also present does not appear to reduce the oxides at temperatures up to 250°. 
In the synthesis of methanol the conversions are high for this catalyst and it is 
active at low temperatures. lu 

6268 . Chromate Catalysts. Catalysts containing chromium figure largely in 
the patent literature. Such catalysts were used experimentally by Brown and Gal- 
loway and by Morgan, Taylor and Hedley. The latter group used normal zinc 
chromate, basic zinc chromate, and a mixture of basic zinc chromate and copper; 
the former group used only the two zinc chromates. 


8169 . Brown and Galloway prepared normal sine chromate by mixing sine oxide to 
a paste with a small portion of chromic acid solution. This was added to the remainder 
of the chromic acid solution and the mixture was agitated for twelve to fifteen hours. The 
precipitated chromate was filtered off, pressed, dried at 80° C. and reduced at 300° C. in 
hydrogen. 

6170 . The basic chromate was made by adding zinc nitrate solution (496 g. zinc nitrate, 
Zn(NOi)s, in 2.4 liters water) to a dilute aqueous solution of 896 g. of sodium chromate, 
NajCrOi- IOHjO. The precipitate was washed and pressed into threads. These were air- 
dried, then dried at 80° C. and finally reduced in hydrogen at 300° C. 

6171 . Morgan and his co-workers prepared their chromate catalysts in a manner sub- 
stantially the same as that used by Brown and Galloway. They remark that within the limits 
of 300°-350° C. the temperature of reduction does not seem to affect the activity of catalysts 
of this type. Data on this point are furnished by the first table on page 650, taken from the 
article by Brown and Galloway. M 

6171 . It wiU be soon that the decreasing order of activity is I, III, II, but whether condi- 
tions of preparation are alone responsible for the differences is a matter on which Brown and 
Galloway will not dogmatize. They find the normal chromate more active than the basic 
salt; it is a robust catalyst. 

6173 . Other Catalysts. Other catalyst mixtures tested by Morgan, Taylor and Hedley 
were: zino dust and zinc oxide, zinc oxide and silver oxide, zinc oxide and uranium oxide, 
basic zinc chromate with 10 per cent of cadmium carbonate, basic zinc chromate with 5 per 
cent of copper chromate, and the manganate, molybdate, tungstate, uranate, and vanadate 
of zinc. ' The method of testing was to place 6 cc. of the catalyst in the (static) reaction vessel 
which was heated in the metal bath. This was now quickly filled with carbon monoxide- 
hydrogen mixture up to 200 atmospheres. The activity of the catalyst was judged by the 
time taken for a 10 (or in some cases a 20) atmospheres drop in pressure. 


Fenske and Frolich, Ind. Ena. Chem. t 1929, 11, 1052-1055; Brit. Chem. Abst., 1980, 49B. 
M Ind. Eng. Chem., 1928. 10 , 964. 
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Relation of Method of Reduction to Activity of Catalyst 


Catalyst: Reduced Basic Zinc Chromate. Conditions of Test, 180 Atmospheres, 400° C. 



Volume, 

Cubic 

Centi- 

meters 

Weight, 

Grams 

Zinc 

Oxide 

Content, 

Grams 

Methanol Yield, 
Grams per Hour 


Catalyst 

Space 

Velocity 

10,000 

Space 

Velocity 

7,500 

Conditions of Reduction 

I 

250 

165 

112.5 

129.3 


At 40 atmospheres of CO : H 2 , 
1 :2 mixture; temperature 
raised slowly from 25° to 370° 
C. 

ii 

250 

153 

104.0 

89.2 

60.8 

Ha, 1 atmosphere; reduction ini- 
tiated at 300° C. but tempera- 
ture uncontrolled, allowed to 
rise above 450° C. 

III 

250 

170 

115.5 

106.4 

94.5 

Reduced at 275°-325° C. at 1 
atmosphere with a mixture of 
5 per cent H : , and 95 per cent 
CO. 


The following table, taken from the article by Morgan, Taylor and Hedley, 67 gives a scries 
of average results: 


Catalyst 

Time in Minutes Taken for 10 Atmospheres 
Drop in Pressure 

290° 

310° 

330° 

350° 

370° 

390° 

410° 

Zinc oxide 

■fell 


10.0 


3.5 

0.8 

0.6 

0.6 


3.1 

1.2 
0.5 

1.6 

1.5 

Zinc basic chromate 



1.0 

0.7 

0.6 

5.2 

7.0 


Zinc chromate 


1.3 

0.8 

0.5 

0.9 

Zinc basic chromate and copper 

Zinc manganate 

6.0 

1.5 

Zinc oxide and zinc dust 












Baric zinc chromate and copper 

Time in Minutes Taken for 20 Atmospheres 
Drop in Pressure 

14.5 

B 

2.8 

2.2 

3.5 


5.8 


5274 . From these preliminary experiments it was possible to forecast that: (I) The 
catalyst prepared from basic zinc chromate or normal zinc chromate would probably prove 
an efficient catalyst for methyl alcohol syntheses. (2) The temperature of the catalyst 
should lie between 350° and 400°. (3) A pressure of the order of 200 atmospheres should 

give a reasonable output of methyl alcohol. With a catalyst prepared either from normal 
zinc chromate, or from the basic salt, 3ZnO-CrOi, working at 420° under a pressure of 
200 atmospheres at a rate per hour of 2000 liters of gas (N.T.P.) through 60 cc. of catalyst, 
the hourly output of organic products was about twice the catalyst volume. The liquid 


17 J.5.C.7., 1928, 47 , 122T. 
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obtained was homogeneous: it contained 95 per cent of methyl alcohol, 1 per cent of higher 
alcohols and 4 per cent of water. The addition of alkaline substances to the sine chromate 
catalyst favored the formation of higher alcohols. Then, to the methanol catalyst (sine 
chromate) varying proportions of cobalt chromate were added, with the result that, although 
methyl alcohol remained the predominant constituent, higher alcohols, including ethyl 
alcohol, were produced in appreciable quantities, together with small amounts of aldehydes. 
By the use of mixed cobalt catalysts also, containing copper, sine, chromium or manganese, 
alcohols in addition to methyl and ethyl alcohols were identified, namely, n-propyl, n-butyl, and 
isobutyl. The alcohols detected were primary. Aldohydic products also were identified; 
namely, formaldehyde, acetaldehyde, propaldehyde and n-butaldehyde. There was indirect 
evidence of the presence of aldehydals, R*CH(OX)i, the ortho-ethers of the aldehydes. 6T * 

0275. Taylor and Kistiakowsky M find the adsorption of hydrogen and of the oxides of 
carbon on clean surfaces of the sine oxide and especially of the sine oxide with chromium oxide 
catalysts is many times greater than that on the surfaces of metal hydrogenation catalysts. 
Moreover, saturation occurs at very low pressure which argues a considerable active surface 
per unit weight of material. 

6276 . An important study of the methanol synthesis by Audibert and R&i- 
neau 69 deals with various catalysts. While the most active single catalysts were 
found to be copper (metal) and zinc oxide, both were very sensitive to heat. 
Mixed catalysts were more active and more resistant to heat. While the results 
with mixed catalysts were somewhat capricious, it seems that the best all-round 
catalyst was a mixture of reduced copper 100, manganous oxide 37.5, with the 
addition of chromium sesquioxide in quantity up to 1 atom chromium to 10 atoms 
copper. 

6277 . Storch studied the behavior of zinc oxide and zinc oxide-chromium 
oxide catalysts in the decomposition and synthesis of methanol. 60 Comparison 
of various catalysts working with 4H f : 1 CO gas mixture at 200 atmospheres 
and 350° C. gave as a result that the catalyst with a composition 11 g. chromic 
oxide to 100 g. zinc oxide was more active than either oxide alone. Below 300° 
this catalyst was almost inactive for the methanol synthesis, and at 350° C. the 
yield was less than at 330° C. No difference was found between the mixed and 
the single catalysts in the decomposition of methanol at atmospheric pressure. 

0278. Frolich, Davidson and Fenske made X-ray examinations of methanol catalysts 
composed of copper and zinc. 61 The results point to a definite relation between the specific 
catalytic efFect and the distance between the atoms of the two components. Zinc oxide is 
partly reduced in the presence of copper oxide. 6 * 


ll *Chcm. Age (London), 1930, 288. 

16 J. Am. Chcm. Soc., 1927, 49, 2468. 

m Ind. Ena. Chcm., 1928, 20, 1105: the work on copper catalysts has already been sum- 
marized in paras. 6263-5265. 

60 J. Phys. Chcm., 1928, 32, 1743. 

61 Ind. Ena. Chcm., Feb. 1. 1928, 109. 

61 Chcm. Age (London), 1929, 20, 187. Cf. Frolich. The r61e of catalysts in the high- 
pressure syntheses from water-gas. J.S.C.I . , 1928, 47, 173T. 
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REDUCTION OF CARBON OXIDES 

I. Methanol Synthesis 

6300. Until 1923 the sole commercial source of methanol (methyl alcohol) 
was crude “ wood spirit,” produced by the destructive distillation of wood : 
Hence one of its names is wood alcohol. In that year consternation was produced 
in the wood distillation industry by the announcement that a commercially prac- 
ticable and cheap synthesis of methanol was in actual operation in Europe. 
This process was said to produce a high grade of methanol that could be sold at 
20-30 cents a gallon. In fact this product was imported and sold at a price 
(45 cents a gallon) with which the wood distillers could not compete. 1 Somehow 
or other, this competition seems to have been eliminated and the price of impure 
methyl alcohol of denaturing quality, at the time of writing, more nearly cor- 
responds to the average price of former days. One of the factors that has greatly 
assisted the old established domestic industry is that the Government specifies 
the product of wood distillation for denaturing alcohol. 

6301. Notwithstanding that, for the present, the menace to the wood distilla- 
tion industry of fatal competition from the synthetic product has been side- 
stepped, the process for synthesizing methanol is a practical success. 

6302. Several methods that have been published start with water-gas as 
the raw material. Water-gas is the product of the action of steam on coke: 
ideally it should consist of equal volumes of carbon monoxide and hydrogen. If 
such a mixture is passed over a nickel catalyst at atmospheric pressure and at a 
temperature of 380° C. the product is a mixture of carbon dioxide (52.6 per cent), 
methane (39.8 per cent) and hydrogen (7 per cent). 1 If the mixture is enriched 
so that the hydrogen is in the proportion of 1 volume to 1 of carbon monoxide, the 
conversion to methane is almost complete at 230°-250° C. This reaction (as com- 
pleted) may be written: 

CO + 3H, = CH 4 + HjO 

while the first reaction is in the direction of: 

2CO + 2H* = CH 4 + CO, 

1 Paint , OU and Chemical Review , Oct. 14, 1926. The President of the United States on 
November 27, 1926, increased the import duty on methyl or wood alcohol (or methanol) from 
12 to 18 cents per gallon under the provisions of Section 315 of the Tariff Act (i.e., the “flexi- 
ble tariff" provisions). Chcm. Age (London), 1927, 16 , 77. 

* Sabatier, Catalysis, 394. 
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At the higher temperatures the operations are complicated by the reaction : 

2CO = C + CO, 

with the deposit of carbon and subsequent partial hydrogenation of the carbon 
dioxide. 

5303. With the use of high pressures and temperatures, suitable catalysts 
and special precautions, methanol is the chief product. This is the fundamental 
principle of the various processes that have been published. The information 
available is found chiefly in the patent literature: so far as one can judge the 
methods seem to differ from one another mainly in the catalysts used.* 1 

5304. One striking peculiarity of the method is the necessity for excluding 
iron, and also nickel and cobalt. These metals catalyze other reactions and especi- 
ally the complete hydrogenation to methane. So important is this that in addi- 
tion to the usual purification from sulphur, etc., the gases undergo treatment to 
remove traces of carbonyls. According to one patent a this is effected by passing 
the mixture of oxides of carbon and hydrogen through activated carbon. Evi- 
dently no iron or nickel can be used in parts of the apparatus exposed to the 
gases: the apparatus must be lined with copper. 

5305. Some of the specifications also rule out the alkalis. The reason for this 
is, as we shall see when we come to discuss synthetic fuels, that alkalis promote 
the formation of complex mixtures consisting, in large part, of the higher homo- 
logs of methanol. 

6306. Composition of Reactant Gases. The typical composition of the gas 
mixture for the methanol synthesis is: carbon monoxide and hydrogen, the lat- 
ter in greater volume, with or without an admixture of carbon dioxide, hydrocar- 
bons and inert gases, carefully purified, especially from volatile iron compounds 
and iron particles. 

Example. Hydrogen 80 per cent, carbon monoxide 20 per cent, both by volume. Inert 
gases may be present. 4 

6306A. Sometimes the wording indicates that carbon dioxide may be substi- 
tuted entirely for the monoxide and no mention is made of any modification of the 
conditions that this may necessitate. 

Example. “ . . . the reduction of carbon monoxid or carbon dioxid . . . 99 

M . . . a mixture of carbon oxids with at least about an equal volume of hydrogen . • . ** • 

5307. According to Dreyfus 6 an excess of hydrogen is not necessary. The proportion ordi- 
narily found in water-gas may be used in the synthetic production of methanol, if line oxide 
alone is used as the catalyst. The ratio may be 1 molecule of hydrogen, or loss, to 1 moleculo 
of carbon monoxide. The temperature is preferably 200° to 300° C., the pressure 60 to 160 
atmospheres. 

*■ On the simultaneous formation of dimethyl other see Brown and Galloway, Ind. Eng. 
Chem., 1929, 31 , 310; Brit. Chem. Abet ., 1929 , 426B. 

* Canadian Pat. 251,485, July 7, 1925, to Pier, Muller, Wietrel and Winkler. 

4 U. S. Pat. 1,569,775, 1926, to Mittaaoh, a Badische Co. patent. 

1 U. S. Pat. 1,558,559, to Mittasch, a Badische Co. patent. 

• Brit. Pat. 262.494. 1925; Chem. Age (London), 1927, 46 , 69. See para. 6310. 
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0308. A gaa mixture obtained by distilling bituminous coal or by a cracking process 
has been employed in methanol syn thesis. The hydrocarbons in these gases are partly oxi- 
dized with a restricted quantity of oxygen to convert part or all of them into carbon monoxide 
and hydrogen. The sulphur compounds are removed and the mixture then passes over a cata- 
lyst to produce methanol. 7 Another suggestion is that mixtures of water-gas and gases 
partially or wholly burnt or gases of like composition and containing hydrocarbons previously 
transformed into carbon monoxide, carbon dioxide, water and hydrogen be used for the pro- 
duction of methanol and ammonia. 7 * * It has also been proposed that gases containing gaseous 
paraffin hydrocarbons such as natural gases, gases from cracking plants, stills or low-tem- 
perature carbonisation retorts be passed through a preheater at a temperature below that at 
which decomposition occurs (below 550°) and then through reaction tubes or passages heated 
to definite temperatures for different gases (ranging from 650-750° for pentane to 850-975° 
for methane) with or without addition of superheated steam. 7 * 

6309. In the catalytic production of methanol or other oxygenated organic compounds 
from carbon oxides and hydrogen at high temperatures and pressures, gas mixtures are 
employod containing a high percentage of gases not required for the reaction. Part of the 
circulating gases rich in inert gas is continuously removed and replaced by fresh gas mixture 
in such proportion as to maintain a constant composition of the circulating gas. By using 
inert gases, the excess heat developed is absorbed and the yield obtained is equal to or higher 
than that obtained with pure gases. It is possible to use gases which are available in large 
quantities at a low cost, and an example is given of the use of a gas containing 5.5 per cent 
carbon dioxide, 27.8 per cent carbon monoxide, 15.6 per cent hydrogen, 2.6 per cent methane, 
and 48.5 per cent nitrogen. The gas is mixed with steam and passed over heated iron oxide 
to decompose so much of the carbon monoxide that the gas contains carbon monoxide and 
hydrogen in the proportion of 1 : 2. The carbon dioxide is absorbed by water, and the gas 
then circulated over a contact mass at a pressure of 1000 atmospheres and a temperature of 
400° C. When the proportion of reacting constituents has decreased from 45.9 per cent to 36 
per cent, this proportion is maintained by continuous withdrawal of circulating gas and addi- 
tion of fresh gas. 1 Another proposal is to introduce a gas such as nitrogen or an excess of 
hydrogen into the gas mixture before reaction, and with a mixture of suitable composition 
the production of ammonia may be combined with that of oxygenated organic compounds. 1 * 


5310 . Dreyfus describes the making of methanol by passage of an equimolec- 
ular mixture of hydrogen and carbon monoxide over a plain zinc oxide catalyst 
at a temperature of 200°-450° C., and under a pressure normally from 50-150 
atmospheres and upwards to 200 atmospheres. A copper-lined or aluminum ap- 
paratus is preferred. If the gases are passed at a low speed, higher alcohols with 
hydrocarbons are formed.* 

6311 . Conditions of Operation. Kelley 10 arrives, by purely thermodynamic 
reasoning, at the conclusion that the methanol synthesis is workable up to. a tem- 
perature of 700° A. (427° C.). Pa tart's 11 experimental results give an optimum 
temperature between 600° and 900° A. (327° to 627° C.) at 150 atmospheres. 

7 Brit. Pat. 266,410, Oct. 23, 1925, to Johnson, a Badiache Co. communication; Chem. 
Age (London), 1927, 16, 338. 

7 * Soc. Chim. de la Grande Paroisse (Azote et Produita Chimiquea), French Pat. 35,096, 
Feb. 22, 1928; Addn. to 649,711; Chem. Abst., 1930, 1942. 

71 Anglo- Persian Oil Co., Ltd., Dunatan and Wheeler, Brit. Pat. 309,455, Oct. 8, 1928; 
Chem. Abst., 1930, 719. 

•Brit. Pat. 266,405, Oct. 19, 1925, to Johnson, a Badiache Co. communication; Chem. 
Age (Iondon), 1927, 16, 338. 

•* Soc. L’Air Liquide, Soc. Anon, pour L’ Etude et L' Exploitation dea Proo£d4e G. Claude, 
Brit. Pat. 306.512, Feb. 22, 1928; Chem. Abst., 1919, 4949. 

I Chem. Abst., 1927, 11, 3626; Brit. Pat. 262,494, June 13, 1925. See alao U. S. Pat. 
1,738.989. Dec. 10, 1929, to Dreyfua. 

10 Loc. cxi. 

II Lormand, Ind. Eng. Chem., 1925, 17, 430. 
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6312 . The conditions specified by Mittasch are: “ . . . pressure being pref- 
erably from 50 atmospheres upwards and the temperature between say about 
250° and 600° C. f depending on the efficiency of the contact mass in each indi- 
vidual case." In the example given the pressure is said to be about 220 atmos- 
pheres and the temperature 450° C. 11 

6313 . Equilibrium Constants of the Methanol Synthesis. Kelley 11 calcu- 
lated the methanol equilibrium constant, and gave the following as the equation 
of the free energy change of the reactions: 

AF = — 21,300 + 32.2 T log T - 0.00825 T 2 - 42.5 T. 

The equilibrium constant is 

log* K p = A F/(- RT) 

6314 . These results have been criticized. 14 Kelley has derived the free energy 
of the reaction at 298° A., from data which do not involve the specific heat of 
methyl alcohol in the gaseous phase, and it is probable that incorrect assumptions 
have been made for this temperature effect in the calculations of the free energy 
change at the higher temperatures. 

6315. Audibert and Rameau have produced the following equations for the methyl alcohol 
equilibrium starting with a gaseous mixture of the composition (CO + 2Hj). The fraction 
x of carbon monoxide converted into methyl alcohol is approximately given by Nemat's 
method of evaluation. 

log [(1 - x)*/\x(3 - 2z)*|! = - 27,000/(4.5717’) + 3.5 log T + 2.99794 - 2 log P 

This relationship may be expressed on the basis of partial pressures as follows : 
log K p = PMeOH/Pcol/^J 2 = 27,000/(4.5717) - 3.5 log T - 3.6 

From the preceding expression it appears that Audibert and Raineau, by taking the alge- 
braic sum of the chemical constants as 3.6, have deduced an equation for the equilibrium con- 
stant in close agreement with experimental results. 14 

11 Mittasch, U. S. Pat. 1,558,559. The same as in 1,569,775. 

14 Ind. EnQ. Chern., 1926, 18 , 78. A thermodynamic consideration of the methanol process. 

14 Morgan, Taylor and Hedley, loc. tit.; Francis, Ind. EnQ. Chem., 1928, 19 , 284; "Cal- 
culations of the methanol equilibrium are bound to be more or loss inaccurate owing to the 
lack of adequate data on the specific heat and the equation of state of the alcohol." Lewis 
and Frolich, Ind. EnQ. Chem., 1928, 10, 287. Kelley himself has recently recalculated these 
values, using new data. He obtained the following values, which he offers without much 
confidence: 

A F°, m =» - 9640 cal. and A - - 25,150 cal. 

AF° = - 20,740 + 45007 log I0 T - 0.015867 s + IT 
where I =* 69.4. 

The discrepancy between calculated and directly measured values of Kp is ascribed by 
Dodge to an inaccuracy in the value of the heat of combustion of methanol. If we are to cal- 
culate, even roughly, equilibria for reactions of this type, wo must have very accurate heat- 
of-reaction data. As a further concrete illustration of this fact it may be readily calculated 
that, if the value for the heat of combustion of methanol were in error by only 0.10 per cent, 
the K p for the reaction at 298.1° K. would be in error by approximately 33 per cent as a result. 
In other words, a calculation of tho free-energy change for the methanol-synthesis reaction, 
though based on the third law, and therefore requiring a knowledge of absolute entropies is 
nevertheless far more dependent on exact data for tho various heats of reaction than on the 
entropy data. I Ind. EnQ. Chem., 1930, 22, 89.J 

11 Morgan, Taylor and Hedley, loc. tit. 
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5315A. Further experimentation at Teddington on the methanol equilibrium under vari- 
ous conditions of temperature and pressure has given results in close agreement with Audi- 
bert’s formula. 

5316. Francis ( loc . tit.) gives the following equation and values derived from it for the 
methanol synthesis: 

AP = - 26,370 + 49.9 T 

Applying this we have: 


°c. 

A F 

227° 

- 1420 

327° 

+ 3570 

427° 

+ 8560 


Methanol Equilibrium Constant 


Temperature 

Equilibrium Constant 
„ CH,OH A 
K (CO)(H 3 )« AcCOrdlngU>: 

Absolute 

Degrees C. 

Audibert 

Kelley 

Francis 

300° 

27° 

2.65X10 7 

6.70X10* 


400° 


1.15X10* 

20.6X10* 


500° 


6. 75X10-* 

316.0X10"* 

417X10-* 

600° 


3. 20X10-* 

386.0 X10" 4 

500X10 -4 

700° 

427° 

7.55X10"* 

1540.0 X10-* 

2100X10-* 


5317. The figures given by the equations of Francis and of Kelley are of the same order of 
magnitude, but between them and those derived from Audibert ’s equation there is a discrep- 
ancy which widens as the temperature rises. 

5318. Further experimentation, according to Morgan, Taylor and Hedley ( loc . tit.) has 
confirmed the applicability of Audibert’s formula in the conditions of practice. 

5319. Equilibrium Conditions in the Formation of Hydrocarbons and Alcohols from 
Water-gas. 1 * Conclusions: (1) It is easier to form higher than it is to form lower paraffins at 
all temperatures. Given suitable catalysts it should be possible to form any of the paraffins at 
atmospheric pressure and at 300° C. Increase of pressure tends to increase of molecular 
weight of the product. 

(2) The tendency to form cyclic hydrocarbons and especially bensene is in general greater 
than the tendency to form straight chain hydrocarbons. 

(3) The lower alcohols cannot and the higher alcohols can be formed at atmospheric pres- 
sure and 300° C. 

(4) The tendency to all these syntheses falls off rather rapidly with increase of pressure. 

(5) Tables are given from which may be computed the maximum possible yields. 11 

6320. Fieldner and Brown 18 have compared the experimental values they 
obtained with those given by other workers (Audibert and Raineau, Lewis and 
Frolich). Using a development of the Nemst approximation formula, K p has 
been calculated from the results of different workers, assuming no departure from 
the perfect gas laws. The values of K p obtained are of the same order and vary 
as might be expected from the activities of the catalyst employed and the rela- 
tive space velocities used. Taking into account deviations from the perfect gas 
laws, the fugacities (effective pressures) and the partial fugacities of the compo- 
nents have been calculated from the results of the three sets of investigators. 

1# Smith, Ind. dt Eng. Chem., 1927, 19, 801. 

17 For the polemic to which this paper gave rise see: Tropsch, Brenmtoff-Chem ., Dec. 1, 
1917, 376; Smith’s reply, ibid., 1918, 248: further comment by Tropsch, ibid., 250. 

“ Ind. Eng. Chem., 1928, 10, 1110. 
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From the partial fugacities a new set of K values, designated K /, is calculated; 
the values, as for K Pt are of the same magnitude. Space-time yields are also dis- 
cussed. 19 

5321. A preliminary paper on the equilibrium between methanol, carbon monoxide and 
hydrogen has been published by Smith and Branting of the Pittsburgh Station of the 
U. S. Bureau of Mines. 20 They compare their preliminary results with those published 
by others, either on experimental or theoretical grounds. There is a wide divergence from 
Kelley’s calculations that still remains to be cleared up. See paragraph 5321 B. Experi- 
mental yields approximate as closely as may be expected from conditions not strictly arranged 
to produce equilibrium. 

5321A. The equilibrium constant: 

CHiOH 

(CO) (H 2) 2 

is 5.57 X 10" 4 at 303.8° C. t with a probable error of ±5 per cent. 

Tho equation for the standard free-energy change in the methanol reaction, derived from 
these equilibrium measurements and from the best available heat data is: 

A F = - 20,857 + 41.177’ log T - 0.14237’ 2 - 54.427 1 . 

5321B. Newitt, Byrne and Strong, 20 * by an experimental method, arrive at the following 
expression for the free energy: 

A F = 70.57’ - 30,500. 

Bone refers to tho work of Newitt, Byrne and Strong, 204 observing that at high pressures 
equilibrium determinations can be considered satisfactory only when approaches are made 
to the equilibrium from both sides. In order to ensure accuracy in the determinations of K p 
it was decided to employ two independent experimental methods, namely, a “static” and a 
44 flow” mothod, respectively, and in each case to approach the equilibrium from both sides, i.e., 
from both the synthesis and decomposition of methyl alcohol. Using a suitably reduced 
3ZnO*Cr 2 Oi catalyst to which 0.5 per cent copper nitrate had been added, a temperature 
range from 280° to 338° C., and pressures between 60 and 100 atmospheres — conditions under 
which a mixture of one volume of carbonic oxide and two volumes of hydrogen was found 
to produce methyl alcohol to the practical exclusion of other products— and at each experi- 
mental temperature approaching the equilibrium from both sides by each of the two methods 
referred to, practically identical results for the equilibrium conditions at each temperature 
were obtained. Two examples may bo given. By the “ static " method the value of K p at 
320° C. was found to be 6.7 X 10“* when equilibrium was approached from the excess methyl 
alcohol side, and 6-4X10“* when approached from tho other side; at 338° C. the two experi- 
mental values were 4.3 X 10”* and 4.6 X 10“*, respectively — and by interpolation the value at 
330° C. would be 5.5 X 10“*. By the “ flow ” method the experimental value at 330° C. 
was 5.2 X 10“*. The results as a whole showed the following linear relationship between 
the free energy and absolute temperature: AF = 70.5T — 30,500. The following K p values 
were calculated for every 20° C. over the range 260° to 380°, which is the most practicable 
for the synthesis of a substantially pure methyl alcohol from a CO + 2H a mixture: 


Temperature 

K p 

Temperature 

K p 

°c. 


°c. 


260 

1.2 X 10-> 

340 

2.9 X 10-* 

280 

4.5 X 10“‘ 

360 

1.3 X 10-‘ 

300 

1.6 X 10“ 4 

380 

6.3 X IQ"' 

320 

6.7 X 10“* 




19 Brit. Chem. Abet., 1928, 920B. 

20 /. Am. Chem. Soc. t 1929, 51, 129. 

20 * Proc. Roy. Soc. t 1929, A123, 236; Chem. Abet., 1929, 23, 3148; Brit. Chem. Abet., 1929. 
508 A. 

206 Discussion on Catalytic Reactions at High Pressures, Proc. Royal Soc., 1930, A 127. 
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These values are stated by Bone to be considerably lower than any corresponding values 
either calculated or experimentally obtained by previous workers. Thus, for example, t aking 
200 atmospheres as a practical working pressure and 600° K. (327° C.) as temperature, 
according to the determinations of Newitt and his collaborators the partial pressure of the 
three components of the equilibrium mixture CO + 2H S «=£ CHjOH would be: 

CO = 64.5, H* *= 109.0, and CHsOH = 36.5 atmospheres. 

Whereas, from Audibert and R&incau's calculated K p for 600° K. and 200 atmospheres 
pressure, we should expect 

CO — 39.0, Hi — 78.0, and CH*0H =» 83.0 atmospheres, 
and from Kelley's calculated K pi 

CO ™ 10.4, Hi =* 20.8, and CHiOH = 168.2 atmospheres. 

Bone observes that the correct determination of K v values in such a system is of con- 
siderable commercial as well as scientific interest, inasmuch as such values are the best criteria 
of the officioncy of a catalyst at a given temperature. For example, if by using a given 
catalyst at a given temperature a quantitative yield of methyl alcohol near to that of the 
equilibrium proportions predicted by the experimental K p values at such temperature were 
readily secured the quest for a more active catalyst would be unnecessary. 

5321C. Hypotheses Concerning the Mechanism of Methanol Syntheses. As 

may be expected, there is some divergence of opinion regarding the course of 
the several reactions which would serve to explain the formation of methanol 
and other compounds (of higher molecular weight) from carbon monoxide (or 
dioxide) and hydrogen. Morgan ** advocates a series of reactions which are 
given below. He refers to the work of Fischer and Tropsch with alkalized iron 
which led these investigators to suggest that the oxygenated products were 
formed by the synthesis of methyl alcohol followed by the direct addition of 
carbon monoxide to this alcohol, with production of acetic acid from which 
acetone is formed by loss of carbon dioxide. This scheme accounts for the 
presence of acids, ketones and higher alcohols. Zinc formate on heating decom- 
poses into zinc carbonate, formaldehyde, methyl formate and methyl alcohol. 
Under the conditions of the methanol synthesis, zinc formate might play the 
part of an unstable intermediate compound which is continually being regener- 
ated and decomposed. 

ZnO + HiO + CO = Zn(HCOi) t 

Zn(HCOi)t = ZnCO* + HCHO 

ZnCO* + CO + Hi = Zn(HCO,), 

HCH0 + Hi = CH,OH 


“ Discussion on Catalytic Reactions at High Pressures ” opened by G. T. Morgan, 
/Vac, Royal See. 1930. A, Yal. 127. 
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Higher Aldehydes and Alcohols by repeated Aldolization and Hydrogenation. 

2H-CH0 = H,C(OH)-CHO 
H.-C(OH) -CHO + H, = CH.-CHO + H,0 
CH.-CHO + H, = CHiCHi-OH 
H-CHO + CH,-CHO = H,C(OH) -CH.-CHO 
H,C(OH) -CH.-CHO + H, = CH, -CH.-CHO + H.O 
CH, -CH.-CHO + H, = CH.-CH.-CH.-OH 

2CH.-CHO = CH.-CH(OH) -CH.-CHO 
CH.-CH(OH) -CH.-CHO + H, = CH.-CH, -CH.-CHO + H.O 
CH.-CH, -CH.-CHO + H, = CH,-[CH,],-CH,-OH 


H,C(OH)v 

2H • CHO + CH, • CHO = >CH • CHO 

H,C(OH) X 

H.C(OH) v CH, 

yCH-CHO + 3H, = V:H-CH,-0H + 2H.0 


H.C(OH)' 


CH/ 


This sequence continues to yield still higher alcohols. The aldolization 
hypothesis accounts for the products hitherto isolated, but it also postulates the 
transitory existence of intermediate hydroxyaldehydes and glycols which have 
not so far been detected. These substances may, however, be transformed by 
dehydration into unsaturated aldehydes and alcohols which would speedily 
undergo hydrogenation to saturated aldehydes and alcohols. If substantiated 
by further experiment, this aldolization hypothesis brings the syntheses of 
homologous alcohols by high-pressure catalysis into line with the transformations 
following on photosynthesis which take place through the agency of living 
organisms (bacteria, yeasts, moulds and the green plant). With more efficacious 
catalysts and less elevated temperatures one may anticipate that this analogy 
will become increasingly closer.** 

5322. Composition of Catalysts. The catalysts used fall into three classes: 
(1) Mixtures of metallic oxides. (2) Mixtures of metals (including alloys). 
(3) Mixtures of oxides and metals, or a metal plus an oxide or salt as promoter. 

6383. Mixture* of Metallic Oxide*. The most general statement is a mixture of oxides 
of different groups in the periodic system, not reducible to metal in the conditions prevailing. 
This becomes more specific in the form : '* Nonreducible oxides of the second to the seventh 
group of the periodic system are especially suited for such mixed catalysts.” 21 The same 
patent specifies that the moro basic oxide should be in considerable excess and instances: 
■inc oxide and chromium oxide (2 to 12 mol. wts. of line oxide to 1 mol. wt. of chromium 
oxide); oxides of — xinc and uranium, sine and vanadium, sine and tungsten, magnesium and 
molybdenum, cerium and manganese. See paragraph 5324. 

6383A. Patart (who is generally credited with being the earliest successful worker in this 
line) specifies a mixture of 90 parte of copper oxide to 10 parte of sine oxide. 21 Under working 
conditions the copper oxide would, seemingly, be reduced. 


904 Morgan, ibid. 

21 U. S. Pat. 1.558.559, 1925, to Mittaach. 
n Cf . Lormand, Chcm. Abet., 1925, 19, 2027. 
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5323B. Audihert u uses catalysts said to consist of the auboxidta of vanadium, mangan- 
ese, tungsten, lead and bismuth. 

6324. Mixtures oj Metals with Oxides or Salts. We have already indicated that 
Patart's catalyst, described as a mixture of copper oxide and zinc oxide may, in use, become a 
mixture of metallic copper and zinc oxide. 14 Mixed catalysts containing metal and oxide or 
salt are mentioned by Mittasch 14 as follows: 11 . . . metals such as copper, silver, lead, zinc 
in conjunction with a metal oxide or a metal salt acting as promoter especially derived from a 
metal belonging to the fourth to the seventh groups of the periodic system." Sec paragraph 
6323. 

6324A. Mittasch also mentions that by the use of irreducible oxide catalysts with a small 
addition of potassium carbonate, a higher percentage of carbon monoxide and a reduced 
velocity of the gas current, higher alcohols such as propyl, butyl and amyl alcohols are formed, 
as well as methanol, the proportions varying with the conditions. 

6326. Grenier 1# uses wood charcoal as a catalyst in the production of hydrogen from car- 
bon monoxide and steam or in the synthesis of methanol from carbon monoxide and hydrogen. 17 

6326. Copper Catalyst for Methanol Synthesis. Audibert prepares a catalyst by treating 
a solution of copper nitrate or of a copper organic salt with alkali, washing the precipitate, 
drying it in vacuo , mixing with a small amount of violet-colored copper and reducing at a tem- 
perature not exceeding 200° C. with hydrogen or carbon monoxide, at ordinary pressure, 
with or without a diluent such as nitrogen or methane. Over this is passed water-gas pre- 
heated (not over 180° C.) under a pressure of 100 atmospheres and at a temperature not 
exceeding 450° C. at any point. 18 

6327. Three U. S. patents to Storch 19 disclose a method of producing copper-containing 
catalysts by adding sodium hydroxide to a solution of a cuprammonium compound, boiling to 
expel ammonia, and reducing the washed and dried precipitate in hydrogen. 1,681,760 
describes a catalyst composed of copper, prepared in this way, which may be supported on an 
inert carrier. 1,681,752 deals with catalysts containing, in addition to the copper, a fluoride 
of an alkaline earth metal. 1,681,753 claims a mixture of copper obtained as described, with 
magnesium oxide. The method of preparation is given in detail. 

6 327 A. Another catalyst for the synthesis of methanol from carbon monoxide and 
hydrogen proposed by Storch 190 contains copper, magnesia and silica. It is prepared by 
reacting on magnesium nitrate and copper nitrate with sodium silicate and sodium hydroxide. 
The precipitate which forms is filtered and washed, dried and preferably pressed into tablets 
and reduced. Storch has used hydrogen saturated with methanol as a reducing agent. The 
reducing gas is usually diluted with nitrogen in order better to control the temperature during 
reduction. Storch recommends a mixture of three volumes hydrogen, two volumes methanol 
vapor and 95 volumes nitrogen, conducting the reduction normally at 150-200° C. A gas 
mixture of four volumes hydrogen and one volume carbon monoxide then is passed through 
the catalyst at 270° C. and 200 atmospheres pressure. 

5328. Copper Catalyst. A boiling solution of copper sulphate or nitrate, free from 
impurities (especially iron), is treated with caustic alkali, and the black hydrated oxide, 
washed free from alkali and dried in a vacuum at 50°, is mixed with 10-20 per cent of the vio- 
let modification of metallic copper (Sabatier) and reduced at the ordinary pressure by hydro- 
gen or carljon monoxide in a slow stream or diluted with nitrogen or methane not above 
130°-140°. The resulting porous, fine-grained, pyrophoric catalyst converts hydrogen and 
carbon monoxide at 275°-300° and 100-200 atmospheres into methyl alcohol and formalde- 
hyde. 10 

11 Chcm. Abst., 1925. 2403. 

14 With sorao metallic zinc. Brit. Pat. 237,030 confirmed by Rogers, J. Am. Chcm. Soe., 
1927, 49, 1432. 

14 U. S. Pat. 1,569,775, 1926. 

16 Brit. Pat. application 271,523, convention date May 22, 1926; Chcm. Age (London), 
1927, 17, 115. 

17 Compardou and Vergues, French Pat. 013,470, Mar. 3, 1925, also specify wood charcoal 
as a methanol catalyst. 

18 Brit. Pat. 271,538. Jan. 30, 1926; Chcm. Abst., 1928, 22, 1596. 

* U. S. Pats. 1.681,750. 1,681,751, 1,681,752, Aug. 21, 1928. 

*••11. S. Pat. 1,738,971, Dec. 10, 1929, assigned to Roessler A Hasslacher Chemical 
Company. 

10 French Pat. 606.596, Feb. 27, 1925, to Soc. nat. do recherches sur le traitement des 
combustibles; Brit. Chem. Abst., 1928, 857B. 
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BSS9. A simpler method * l is described below. Carbon monoxide and hydrogen are 
passed at 160°- 180° and 150 atmospheres pressure over a catalyst consisting of precipitated 
copper hydroxide reduced in hydrogen at ordinary pressure; reduction begins at 140°, and the 
temperature must not exceed 450°-500°.* 1 

5330. Copper with Zinc Oxide M as a methanol catalyst is prepared as follows: Copper 
oxide 4, sine oxide 96 in intimate mixture are prepared by co-precipitation from mixed solu- 
tions by boiling alkali; the dried precipitate is reduced with hydrogen or carbon monoxide 
at the lowest possible temperature. 

5331. Catalysts from Carbonyls.* 4 Catalysts are prepared for the carbon oxides syntheses 
by thermal decomposition of the carbonyls of iron, cobalt, nickel and molybdenum. 14 

5333. In another British patent, 270,705, May 10, 1926, to the I. G., the addition of 
ammonia ia claimed to facilitate the process. The liberated metal, collected in dust chambers, 
may be treated with activated silica to adsorb hydrocarbons. Chem. Abat ., 1928, 23, 1672. 

6333. Hydrogen in excess, mixed with carbon monoxide or dioxide, is subjected to a pres- 
sure of not less than 30 atmospheres at 200° C. in presence of a catalyst. The catalyst con- 
tains copper and one of the elements titanium, vanadium, chromium, manganese, boron, 
but must be free from iron and nickel.** 

5334. Gabriel and Brown 17 obtain methanol by passing a 1 : 5 mixture of carbon mon- 
oxide and hydrogen over a copper-zinc alloy, containing some unreduced oxides, at 280° C. 
under a pressure of 20 atmospheres. 

6335. Catalysts for carbon oxide reductions 18 containing nickel with irreducible oxides 
are described by the Compagnie de B6thune. For example, activated charcoal is heated and 
immersed in a solution of zinc and chromium formates containing a small quantity of nickel 
formate: the mass is dried. 

5336. The same company makes catalysts for the methanol synthesis by depositing for- 
mates of uranium, tungsten, vanadium, sine, beryllium, chromium or titanium on a porous 
Bupport.** 

5337. Two mixed catalysts, metallic strontium with litharge, and metallic sine with bis- 
muth oxide for the methanol synthesis, are proposed by Henry. 40 The proportions are 3-4 
atoms strontium to 1 mol. litharge, or 3 atoms zinc, 1 mol. bismuth oxide. With the first 
mixture the reaction is carried out at 300° C. and 5 atmospheres, or at 200° C. and 10 atmos- 
pheres. 41 The catalyst is borne on unsymmetrically perforated discs of porous earth and 
upon the inner walla of the reaction vessel. 

6338. Zinc-Bismuth Oxide Catalyst. A catalyst for the methanol synthesis is composed 
of a finely ground mixture in the proportions of 1 mol. of bismuth trioxide to 3 of zinc. 41 

5338. Palladium and Metal Oxides. Catalysts of this type are described and claimed 
by S torch. The mixtures mentioned are palladium plus chromic oxide, palladium plus zinc 
oxide, palladium plus cerium oxide. The general description is “a catalyst comprising palla- 
dium and a nonreducible metal oxide.” u 

5340. The Badische Co. 44 proposes the use, for the methanol synthesis, of catalysts com- 
prising mixtures of copper, silver, gold, zinc, cadmium, or lead, with titanium, vanadium, 
chromium, manganese, and such cognate elements as zirconium, cerium, thorium, niobium, 
tantalum, molybdenum, tungsten, uranium, or boron, or compounds of these elements. The 
catalysts should be free from alkali and from nickel or iron. 4 * 

11 French Pat. 613,896, July 31, 1925, to the same patentees. 

» Brit. Chem. Abat., 1938, 596B. 

** French Pat. 610,649, Feb. 5, 1926, to Soc. nat. de recherchos sur le traitement des com- 
bustibles. 

u Brit. Pat. 271,452, May 22, 1927, to the I. G. 

** Cf. U. S. Pat. 1,698,662 to Mittasch, Mdllor, Schlocht and Schubart, assigned to the I. G. 

*• Can. Pat. 251,486, July 7, 1925, to Schmidt and Ufer. 

17 Can. Pat. 271,569, June 14, 1927, to Gabriel and Brown. 

* Brit. Pat. 275,600, Aug. 6, 1926. 

* Brit. Pat. 274,492, July 17, 1926. 

40 Brit. Pat. 265,948, Jan. 27, 1927, to Soc. fran$aise de Catalyse g6n6ralis6e (assignees of 
Henry). 

41 Brit. Chem. Abat., 1928, 473B; Chem. Age (London), 1927, 382. 

41 Can. Pat. 276,300, Dec. 13, 1927, to Lefort. 

** U. S. Pat. 1,681,753, Aug. 21, 1928. 

44 Brit. Pat. 229,715, Aug. 23. 1923. * 

“ Chem. Abat., 1925, 19, 3093. 
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6340A. For the process described in Brit. Pat. 266,410, Oct. 23, 1925, to Johnaon (a 
Badische Co. patent) the catalysts specified are nickel-coated magnesia or molten iron 
alloys. 46 

6341. Catalyst in Dust Form. 47 In one method of hydrogenating heavy oil or synthesiz- 
ing methanol, the catalyst (e.g., molybdenum-chromium) is maintained as dust suspended 
in the reaction space. 

6342. Similarly, one description 48 speaks of imparting to the catalyst an irregular whirl- 
ing movement by the action of the current of entering reactant gases. 

6343. Nickel catalyst for methanol synthesis is prepared by Woodruff and Bloomfield 49 
from the hydroxide, oxide, nitrate, oxalate or tartrate by treatment with hydrogen at 500°- 
600° C. Before reduction the nickel compound may be briquetted with an agglutinant. 40 
Application 279,378 is for an addition to 271,840, which describes methanol catalysts compris- 
ing one or more difficultly reducible metal oxides, one or more easily reducible metal oxides, 
and a metal halide. In an example zinc oxide is added to a solution of chromium nitrate, 
ferric nitrate and sine chloride, and the mixture evaporated, heated, and treated with xinc 
chloride solution. 11 

6344. In a process” for the production of oxygenated organic substances, especially 
methanol, higher alcohols, ketones, and acids, nickel and iron catalysts are used, with other 
metals and with oxides. Furthermore, sulphur, phosphorus and arsenic are added in some 
cases. One example given is a catalyst of xinc oxide, chromic acid, ferric nitrate and potas- 
sium carbonate; to this is added arsenic pentoxide to combine with any free iron that may bo 
formed (e.g., from the carbonyl). Oxygen is added to the reactant gases to maintain the 
activity of the contact mass. 

6346. The catalysts described in the often cited Badische British Pat. 20,488 of 1913,” 
are: 1. Asbestos impregnated with cobalt oxide or osmium oxide with a little caustic soda. 
2. A carrier impregnated with potassium carbonate is dried and then soaked in xinc nitrate 
solution. Catalysts mentioned are cerium, chromium, cobalt, manganese, molybdenum, 
osmium, palladium, titanium, xinc, and oxides or other compounds of these metals, and mix- 
tures. It is said to be advantageous to add a basic compound such as an alkali hydroxide. 

6346A. Two additions to this patent 44 describe a modification of the contact mass. The 
first aims to improve thermal conductivity, thereby avoiding local overheating. Nickel 
gauxe is etched and coated with the active material. (The possible presence of iron carbonyl 
in the gas is mentioned.) The second addition claims the use of catalytic material containing 
carbon chemically bound or dissolved. The instances given are carbides of the iron group, 
partly carburixed metals, high carbon steel or cast iron in the form of shavings, etc. 

6346. Patart 65 disclosed as catalysts all those metals, with their oxides and salts, which 
are known to favor hydrogenation and oxidations. 64 

6347. Methanol Synthesis: Catalysts: Patart Process. 67 Catalysts for methanol synthesis 
consist of basic combinations of zinc oxide with metallic oxides of an acid character. The 
compound should contain at least 2 molecular equivalents of xinc oxide to 1 of (he acidic 
oxide. Basic chromates, vanadates, tungstates and manganates of xinc may be used. In the 
case of chromates there should preferably be 3 equivalents of zinc oxide to 1 of chromium 
oxide. Zinc yellow containing sulphate may be used. When sulphur compounds accumulate 
in the catalyst they may be removed and the catalyst regenerated by heating to redness in 
an open crucible or by slow circulation through an oxidizing flame. 64 


44 Brit. Chem. Abat., Apr. 29, 1927, 316B. 

47 Brit. Pat. 274,904, July 24, 1926, to the I. G. 

48 French Pat. 638,109, July 22, 1927, to I. G. Farbenind. A.-G. 

49 Brit. Pat. applications 279,377 and 279,378, convention date Oct. 25, 1926, assigned to 
Commercial Solvents Corporation; U. S. Pat. 1,695,447, Dec. 18, 1928, to Woodruff, Bloom- 
field and Bannister and same assignees. 

40 Chem. Age, 1927, 17, 579. 

61 Ibid. 

68 Brit. Pat. 254,760, 1926. 

63 Ger. Pat. 293,787. See para. 5399. This patent does not specifically mention methanol. 

64 Ger. Pats. 295,202 and 295.203. 

65 French Pat. 540,343, Aug. 19, 1921. 

68 Ind. Eng. Chem., 1925, 17, 431. 

17 Brit. Pat. 252,361, May 25. 1925, to Patart. 

18 Chem. Abat., 1927, 21, 2274. 
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5348. Bloomfield 48 prepares a line oxide catalyst by igniting moist zinc oxido with 
traces of ammonia and nitrates, with or without chromium oxide. 

5349. The Badische Co.* 0 specifies, as catalysts for the methanol synthesis mixtures of 
the oxides of copper, silver, zinc, lead and chromium. The method of preparation is given 
for a mixture of copper and zinc oxides. Hot aqueous solution of copper nitrate (10 mols) 
and zinc nitrate (1 mol) is precipitated by potassium carbonate. The precipitate is washed 
and mixed to a paste with 5 per cent of sugar, 30 per cent of formaldehyde (30-40 per cent) 
and water. The paste is dried and used in a granular form or on an inert carrier. In 
operation partial reduction of one or both oxides must occur. 

5350. Mixed oxides form the catalysts mentioned in one Badische process. 81 Thus: zinc 
oxide with an oxide of chromium, uranium, vanadium or tungsten; magnesia with molyb- 
denum oxide; ceria with manganese oxide; cadmia with chromium oxide. The catalysts 
should be free from iron , nickel and cobalt. 

5351. The Compagnie de B^thune 81 prepares catalysts for methanol synthesis by deposit- 
ing formates of metals giving irreducible oxides on a support such as pumice, asbestos, char- 
coal. or activated carbon. Suitable formates are those of uranium, tungsten, vanadium, zinc, 
glucinum, chromium, and titanium. 

5352. “ Suboxides ” as Catalysts of Methanol and Synthol Processes. Audibert 88 
prepared suboxidos such as, CrO, VfO, VO, MoO, WO, U|Os, PbjO, BiO out of contact with 
air and found them efficient catalysts in the methanol and synthol syntheses. These sub- 
oxides oxidize spontaneously in the air and they must be prepared in the reaction chamber. 
This is effocted by reducing higher oxides in presence of a reduced metal such as copper 
(which is inert to carbon monoxide) or nickel (which can be removed as carbonyl). 

5353. Mixture of Magnesium Oxide and Ferric Hydroxide as Methanol Catalyst. 
Woodruff and Bloomfield 84 claim to have discovered a method for utilizing tho valuable hydro- 
genation activity of iron without the usual tendency to form methane. This they effect by 
making a contact mass composed of magnesia and ferric hydroxide. Favorable proportions 
are magnesium oxido 750 parts, ferric hydroxide 82 parte. This catalyst is particularly use- 
ful in the methanol synthosis. 

5354. Mixture of Zinc Oxide and Ferric Hydroxide as Methanol Catalyst. Woodruff 
and Bloomfield 88 also recommend a mixture of zinc oxide and ferric hydroxide (750 : 82) as 
a catalyst in the methanol synthesis. 

5355. A group of U. S. patents to Woodruff and Bloomfield 88 describes mixtures of 
reducible and "non-reducible" oxides with a metallic halide as producing new and effective 
catalysts for the methanol synthesis. The special advantages claimed are the reduction of 
by-product formation and the complete suppression of methane production. 

5355A. Patent 1,625,924 deals with mixtures containing; 1. One or more non-reducible 
metal oxides such as zinc, magnesium, cadmium, chromium, vanadium, tungsten, etc.; 2. One 
or more easily reducible metal oxides such as copper, silver, iron , nickel , or cobalt, etc. ; 3. A 
metallic halido. The patentees draw attention to the fact that by their method metals of the 
iron group may be used with advantage though generally excluded because of their tendency 
to favor tho formation of methane. 

5355B. Patent 1,625,925 describes catalysta composed of: 1. An oxido of tho second 
group of the Periodic System; 2. An oxide of tho third to the seventh group "to serve as a 
promoter"; 2. A metallic halido. Examples given are: zinc oxido-chromium oxido-zino 
chloride; zinc oxido-chromium oxido- vanadium chloride; 

Example A 

2250 g. of nickel nitrate (Ni(NOi)2*6HiO) are dissolved in 250 liters of water and the solution 
is heated to 95° C. 7500 g. of zinc oxide are then added with stirring. To this solution there 
is added sufficient ammonium hydroxide to precipitate tho nickel as nickel hydrate. The 

w U. S. Pat. 1,668,838, May 8. 1924. 

80 Brit. Pat. 237, 030, Apr. 24, 1924. 

81 Brit. Pat. 227,147 of Aug. 28, 1923. 

81 Brit. Pat. 274,492, July 17, 1926; Chem. Age (London), 1927, 17, 291. 

88 Chimie et Industrie, 1925, 13, 186; Chem. Abet., 1925, 19, 1487. 

84 U. S. Pat. 1,609,593, Dec. 7, 1926, assigned to Commercial Solvents Corp. 

88 U. S. Pat. 1,608.643, Nov. 30, 1926. 

88 U. S. Pats. 1,625,924 to 1,625,929, inclusive, all issued Apr. 26, 1927; Brit. Pat. 272,864, 
June 21, 1926, covers the same type of catalyst. 
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precipitated mass is recovered by decantation and filtration, is washed, dried, and broken up 
into granules. 

To this mass is added a solution containing 740 g. of xinc chloride and the mass is again 
dried. 

The hourly yield of condensate is about 1 liter and contains about 30 per cent of methanol. 

If the amount of xinc chlorido used is doubled, the hourly condensate will be increased to 
about 2.5 liters and the percentage of methanol will be increased to about 56 per cent. 

Substitution of chemically equivalent quantities of magnesium chlorido or xinc bromide 
for the xinc chloride produces similar results. 

Example B 

4 kg. chromic nitrate (Cr(NOi)i-9H 2 0) and 750 g. nickel nitrate (Ni(NOj) i -611*0) are 
dissolved in 6 liters of water. 2.5 kg. of xinc oxide are added with stirring and the mass is 
heated to dryness and is then further heated till no more nitric oxide fumes are given off, 
whereby the mixture is transformed to chromic oxide, nickel oxide, and xinc oxide. The 
resultant mass is broken up into granules and is then moistened with a solution containing 
450 g. of xinc chloride. The granules are again dried and are ready for use. If desired, 450 g. 
of dextrin or a s imilar agglutinating agent may be added with the xinc chloride, giving firmer 
granules on drying. 

The hourly yield of condensate is about 2.5 liters containing about 58 per cent methanol. 

Example C 

In place of moistening the granules of the catalyst in Example B with xinc chloride a 
chemically equivalent amount of chromic chloride may be employed. The results will not be 
greatly varied. Other mixtures are: 

xinc oxide, manganese oxide, magnesium chloride; magnesium oxide, vanadium oxide, mag- 
nesium fluoride; magnesium oxide, chromium oxide, chromium chloride; strontium oxide, 
chromium oxide, xinc chloride; xinc oxide, vanadium oxide, magnesium chloride. 

5355C. Patent 1,625,926 reads verbatim the some as 1,625,924 till the examples and claims 
are reached. The second constituent of the catalyst is here, exclusively, nickel oxide. Simil- 
arly in 1,625,927 the second constituent is cobalt oxide and, in 1,625,928, copper oxide. 

5355D. Patent 1,625,929 describes a catalyst in which the second component is a mixture 
of the oxides of iron and of chromium. 

5355E. The method of preparing these halide-containing catalysts may be gathered from 
the following example, quoted from U. S. Pat. 1,625,926: 

Example D 

8 kg. of chromic nitrate (Cr(N0j)i* 9Hi0) and 1.5 kg. of nickel nitrate (Ni(NOj)j*6HjO) 
are dissolved in 150 liters of water, and to this solution there is added the theoretical amount 
(5.4 liters of 12.75 normal) of ammonium hydroxide to precipitate chromium hydroxide and 
nickel hydrate. The solution is then centrifuged to recover the precipitated hydrates and 
the resultant precipitate is thoroughly washed with water, dried, and broken up into granules. 

The resultant granules are moistened with an aqueous solution of 200 g. xinc chlorido and 
again dried, whereupon they are ready for use. 

The hourly yield of condensate is about 1 liter, which analyses about 35 per cent 

methanol. 

5356. The Commercial Solvents Corp. 87 describe similar catalysts in which one or more diffi- 
cultly reducible oxides (preferably of a metal of the second group plus an oxide from the third 
and from the seventh groups as a promoter) has added to it a metal halide. Thus : stir xinc oxide 
into chromium nitrate solution : evaporate and heat the dry mass until the nitrate is all con- 
verted to oxide: mix the product with dextrin solution containing either xinc chloride or mag- 
nesium chloride : dry and granulate. Or : a solution of xinc and uranium nitrates is precipi- 
tated with potassium carbonate and the dried mass is moistened with xinc chloride and after 
redrying is granulated. The yield is given for each catalyst. 88 

5357. Two other British patents of Oct. 25, 1926, to Woodruff and Bloomfield, (Com- 
mercial Solvents Corp. patents) 89 deal with the preparation of catalysts for the methanol 

87 Brit. Pat. 272,864, June 21, 1926, to Commercial Solvents Corp. 

* Cf. French Pat. 635,023, May 25, 1927. 

* Brit. Pat. 279,377 and 279,378. 
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synthesis. The first patent describes the making of nickel catalysts in “tablet" form with a 
binder such as dextrin. The second refers to a method of producing the catalysts described in 
Brit. Pat. 271,840 and U. 8. Pat. 1,625,924, whose essential characteristic seems to be the 
manipulative detail of treating the crushed mixture of ignited oxides and zinc chloride with 
aqueous zinc chloride and allowing the mass to harden spontaneously. 

5358. United States Pat. 1,558,559, Oct. 27, 1925, to Mittasch, Pier and Winkler, is 
essentially concerned with the type of catalyst consisting of a mixture of “non-reducible" 
oxides from different groups of the periodic system with a predominance of the more basic 
oxide. Oxides from Groups 2 to 7 are suitable: iron and nickel should be excluded. An 
example given is a mixture of sine oxide and chromium oxide, from 2 to 12 mols of zinc oxide 
for 1 mol of chromium oxide. Other examples are: zinc oxide and uranium oxide; zinc oxide 
and vanadium oxide; zinc oxide and tungsten oxides; magnesia and molybdenum oxide; ccria 
and manganese oxides. 

5358A. British Pat. 229,714, Aug. 23, 1923, covers the same ground. The list of cata- 
lysts is very comprehensive. 70 

5358B. This class of catalyst, disclosed in Gorman Pat. 441,433, Sept. 27, 1923, to the 
same patentees, is available for hydrogenations other than the carbon monoxide-hydrogen 
syntheses. As catalysts, especially for reduction of carbon oxides, are used in addition to 
oxide of zinc or cadmium difficulty reducible oxygen compounds of at least two metals of the 
higher groups of the periodic system. Such mixed catalysts are very resistant to catalyst 
poisons, and when used in the reduction of carbon oxides yield alcohols almost exclusively. 
A mixture of 70 per cent of hydrogen and 30 per cent of carbon monoxide at 200 atmos- 
pheres passed at 400°-420° over a catalyst containing zinc oxide (1-2 mols.) and chromium 
trioxide (1 mol.) gives nearly pure methyl alcohol. Addition of alkali hydroxides to the 
catalyst leads to formation of higher alcohols. Other combinations of catalysts are oxides 
of zinc, chromium, and uranium or vanadium; cadmium, chromium, and tungsten; zinc, 
manganese, and vanadium; zinc, vanadium, and uranium; zinc, cadmium, chromium, and 
uranium. The metals copper, silver, lead, or thorium, or their oxides may be added, but iron 
compounds are to be avoided. Ethylene is reduced quantitatively to ethane when led with 
hydrogen at 380°-400° over a mixture of zinc oxide (3 mols.) chromic oxide (2 mols.), and 
uranium oxide (1 mol.). The reduction of nitrobenzene to aniline, the oxidation of toluene 
to benzaldehyde and benzoic acid, and of methyl alcohol to formaldehyde, and the prepara- 
tion of higher alcohols from alcohol, carbon monoxide, hydrogen, and nitrogen, are described. 71 

5359. The Brit. Pat. 240,955, July 29, 1924, to Johnson (a Badische patent) discloses 
no new methanol catalysts, but emphasizes the caution against the presence of nickel or 
cobalt in the catalyst, and of iron in the walls of the reaction chamber or the gases. It 
is mentioned that, by adding to the catalyst a small quantity of potassium carbonate, higher 
alcohols, e.g., propanol, butanol and pentanol are produced. U. S. Pat. 1,569,775, Jan. 12, 
1926, to Mittasch and Pier (a Badische patent) covers the same ground. 

6360. There is no unanimity about this elimination of iron and its congeners 
from catalysts for the carbon monoxide syntheses. Thus Wietzel and Speer 71 de- 
scribe catalysts suitable for the synthol synthesis, composed of iron, nickel or 
cobalt. The chief novelty is, however, the incorporation of a small quantity of 
cadmium or thallium or of their compounds: this addition prevents the deposit of 
soot on the catalyst. Elements of Group VIII also may be combined similarly 
with cadmium or thallium. The activity of the catalyst is enhanced by the 
addition of copper, gold, silver, cerium, zirconium, aluminum, vanadium, uranium, 
chromium, molybdenum, tungsten, manganese, alkali metals and alkaline earth 
metals, or compounds of these. But difficultly reducible oxygen compounds of 
these metals must be absent, or, if present, must constitute not more than 5 
per cent of the catalyst material and, preferably, not more than 1 per cent. 

70 Given fully in Chem. Abet., 1925, 19, 3093. 

71 Brit. Chem. Abet., 1997, 924B. 

71 Can. Pat. 284.235, Oct. 23, 1928, to Wietzel and Speer, assigned to the I. G.; full 
abstract in Chem. Abet., 1929, 93, 604. 
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5 360 A. Methanol i a obtained by passing; a mixture of carbon monoxide and hydrogen at 
high pressure over a mixture of iron oxide or cobalt oxide and oxides of other bivalent metals 
such as magnesium, manganese, chromium, zinc, beryllium, with or without small amounts 
of oxides of tervalent metals. 72 * 

5361. Oxide catalysts, such as those used in the methanol synthesis, are rendered 
mechanically stable by the addition of magnesium sulphate, nitrate or chloride. 71 

5362. Lazier (assignor to E. I. Du Pont de Nemours) 74 prepares special catalysts for 
the methanol and similar syntheses and for the production of hydrogen from carbon mon- 
oxide and steam, and for dehydrogenation. These consist of trivalent chromium compounds 
and they are obtained by igniting a chromate or dichromate at 600°-1000° C., by prolonged 
heating to redness of mixtures of chlorides and alkali chromates or dichromates, or by ignit- 
ing at a red heat a double chromate or dichromate of a metal with ammonia or an organic base 
such as aniline or pyridine. For the methanol synthesis chromites of zinc, copper, cadmium, 
magnesium, manganese, silver and iron, or mixtures of these, are suitable. 76 Lazier 7U also 
suggests a catalyst comprising a metal oxide such as zinc oxide prepared by subjecting an 
oxalate to thermal decomposition in an oxidizing atmosphere. U. S. Pat. 1,746,782 relates 
to the use of a chromite catalyst prepared by calcining at redness a sexi valent chro mium salt 
containing a hydrogenating metal, e.g., zinc chromate. U. S. Pat. 1,746,783 relates to a 
chromite prepared by igniting a double chromate of ammonium and zinc. 

5363. Preparation of Zinc and Chromium Oxide Catalysts. Catalysts of this kind may 
be prepared by heating a mixture of zinc carbonate or basic zinc carbonate and a chromium 
compound such as zinc chromate or basic zinc chromate. With zinc chromates the heating 
must be effected in the presence of reducing gases. A good ratio is one of chromium to 9 
of zinc. 76 

5364. Smith 77 prepares catalysts for the methanol and similar syntheses from a basic zinc 
chromate of the formula 4ZnO*CiO*. This enables the synthesis to be made at 300°-400° C. 
and the catalyst is not poisoned by sulphur. Volatile compounds (carbonyls) of iron, nickel 
and cobalt should be excluded. 78 

5365. Catalysts for the production of methanol and other alcohols by interaction of car- 
bon monoxide and hydrogen are prepared by heating a mixture of basic zinc and chromium 
carbonate. The mixture may be obtained by co- precipitation of a solution of zinc and chro- 
mium salts, followed by washing and drying. The catalyst is preferably employed in the 
pelleted form. If alkali salts are allowed to remain in the catalysts or if additions of such are 
made, they become suitable for the production of higher alcohols. Examples are given of 
the precipitation with soda ash solution of (a) a mixture of sodium bichromate or chromate 
with sulphuric acid to which metallic zinc has been added, (6) the spent electrolyte of a 
bichromate electrolytic cell, and (c) commercial basic chrome liquor with added zinc sulphate. 
The proportions of zinc and chromium are preferably so chosen that the precipitate contains 
70-80 atomic proportions of zinc to 30-20 atomic proportions of chromium. To regenerate 
the materials, they are dissolved in sulphuric acid and reprecipitated with sodium car- 
bonate. 79 Metal oxide catalysts, made by precipitating the metal or metals as carbonates 
and heating (zinc carbonate at 300°-400°; zinc and chromium carbonates at 250°-300°), also 
have been used in pellet form. 7 * 3 

5365 A. The Activation of Carbon Monoxide. 786 Charcoal does not appear to activate 

lu Natta and Faldini, French Pat. 658,788, July 18, 1928; Chem. Abat ., 1929 , 5196. 

78 Brit. Pat. application 286,284, convention date Mar. 3, 1927, to the I. G. 

74 Brit. Pat. application 272,555, convention date June 12, 1926. 

76 Chem. Age (London), 1927, 17, 173; Chem. Abst., 1928, 22, 1782. 

76 -U. S. Pats. 1,746,781, -2. -3, Feb. 11. 1930, to E. I. Du Pont de Nemours A Co.; 
Chem. Abet ., 1930, 1649. 

78 Brit. Pat. 290,399, Nov. 15, 1926, to Synth. Ammonia and Nitrates, Ltd., and Frank- 
lin; Chem. Age (London), 1928, 18, 579; French Pat. 642,318, Sept. 5, 1927, to Imp. Chem. 
Ind., Ltd. 

77 Brit. Pat. 275,345, May 12, 1926, to Synth. Ammonia and Nitrates, Ltd., and Smith. 

n Chcm. Abet., 1928, 22, 2171. 

79 Brit. Pat. 293,050, Dec. 23, 1926, to Synth. Ammonia A Nitrates, Ltd., and Franklin; 
III. Off. Jour., Aug. 22, 1928; Unto. Oil Prod. Bulletin. 

7i *’Smith, Franklin and Imperial Chem. Industries, Ltd., Brit. Pat. 316,113, Apr. 20, 
1928; Brit. Chem. Abat., 1929, 814B; Chem. Abet., 1930, 1650. Seo also French Pat. 672,797, 
April 8, 1929; Chem. Abet., 1930, 2140. 

794 Jones, /. Phya. Chem., 1929, 33, 1415-27; Chem. Abat., 1930, 1275. 
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carbon monoxide, hydrogen, or oxygen to any appreciable extent, since neither formaldehyde 
nor methanol can be synthesized from carbon monoxide and hydrogen over charcoal, nor 
can carbon dioxide be made from carbon monoxide and oxygen over charcoal. Hopcalite 
activates oxygen but does not activate either carbon monoxide or hydrogen. Apparently 
oarbon monoxide is a better reducing agent than hydrogen by a margin of 30°-50°. Neither 
iron nor nickel activates carbon monoxide at a point where it reacts with molecular hydrogen. 
Carbon monoxide must be essentially electropositive in character, since it reacts much more 
readily with oxygen and chlorine than it does with hydrogon, even when all three of the latter 
gases are activated. Carbon monoxide reacts only with activated monatomic hydrogen and 
not with molecular hydrogen, and furthermore it does not react with electronegative hydrogen 
at a temperature lower than 500°. With calcium hydride at this temperature it gives the 
same reaction that is produced by carbon dioxide. This work is considered by Jones to 
support the theory of Fischer and Tropsch (Chem. Abat ., 1927, 2065, 2814) for the mechanism 
of the hydrogenation of carbon monoxide at ordinary pressure. 


Preparation and Purification of Carbon Monoxide 

5366. Wietzel treats water-gas or coke-oven gas with steam to convert a part of the carbon 
monoxide to carbon dioxide and substantially all the sulphur compounds to hydrogen sul- 
phide. The carbon dioxide and hydrogen sulphide are removed (e.g., by water under pressure) 
and the carbon monoxide is absorbed by ammoniac al cuprous formate solution, from which 
it can be recovered. The residual hydrogen and nitrogen are utilizable in the ammonia 
synthesis. 

6367. Woodruff 80 produces carbon monoxide by passing granular carbon downwards 
through an inclined rotating tube against an ascending stream of carbon dioxide. The tem- 
perature of the carbon is kept, by external heating, between 800° and 1500° C. 

6366. Purification of Reactant Gases. The Badische Co. 81 describes methods for the 
exhaustive purification of the water-gas used in the methanol and related syntheses. The 
removal of organically combined sulphur and of volatile iron compounds is the main objective. 

6369. This may be effected by passing through active carbon. In this way not only 
sulphur compounds but also volatile iron compounds are removed. 81 

5370. Purification of Water-gas. Water-gas is freed from hydrogen sulphide and then 
treated with a catalyst, such as silver or gold, which converts the remaining sulphur com- 
pounds into hydrogen sulphide, which is then removed. 88 

6370A. Water-gas and like mixtures are preliminarily purified by treatment with steam 
in the presence of a catalyst promoting the production of hydrogen and carbon dioxide from 
carbon monoxide and water. This treatment decomposes organic sulphur compounds in 
the gas mixture and yields hydrogen sulphide, which is removed with the carbon dioxide. 
Ger. Pat. 396,115 describes the same treatment applied in the manufacture of methane. 88 * 

5371. Gordon 84 describes a method of preparing a high-grado water-gas for synthetic 
purposes. Finely divided fuel is passed with steam through an externally heated vessel con- 
structed of an alloy steel containing a large proportion of chromium or similar addition, such 
as "Staybrite,” “ Era/A. 1 T.V.," and "V2A.” The fuel may be passed through tubes of such 
metals, heated by low-grade coal in a similar manner to that of a pulverized fuel boiler fur- 
nace. The furnace gases should pass over the tubes at high velocity to secure a high rate of 
heat transfer. In an example, finely divided coke and steam are blown through a “Stay- 
brite” tube 30 ft. long and 1 in. diameter at about 30 ft. per second, the tube being heated to 
about 1000° C. A high-grade water-gas containing hydrogen 51 per cent, carbon monoxide 
48 per cent, and carbon dioxide 1 per cent is obtained. If air is admitted in addition, a gas is 
obtained which, after removal of carbon dioxide with steam furnishes the nitrogen-hydrogen 

80 Can. Pat. 283,913, Oct. 9, 1918, to the Commercial Solv. Corp. 

81 Brit. Pat. 228,959, Aug. 23, 1923. 

81 Ger. Pat. 462,837, June 28, 1928, to the I. G. 

83 Brit. Pat. application 282,634, convention date Dec. 24, 1926, by Fischer; Chem . Age 
(London). 1928, 18, 204. 

8I * I. G. Farbenind. A.-G. (Wietzel and Winkler, inventors), Ger. Pat. 488,156, April 12, 
1923; Chem. Abat., 1930, 2137. Addn. to 396,115. 

84 Brit. Pat. 282,141, Sept. 11, 1926, to 8ynth. Ammonia and Nitrates, Ltd., and Gordon. 
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mixture of the synthesis of ammonia. The process is continuous as distinct from the usual 
intermittent cycle. 8 * 

6372. Casale-Sacchi 88 laya down that for making water-gas free from hydrocarbons, the 
process is carried out above 1000° C., with excess of steam and at reduced pressure. 87 

5373. Casalo-Sacchi 88 produces hydrogen, hydrogen-nitrogen mixture, or hydrogen-carbon 
monoxide mixtures according to the following scheme : Carbon monoxide as such or in gases 
containing it is decomposed completely into carbon dioxide and hydrogen by bubbling through 
water containing catalysts such as reduced copper, nickel, iron, thallium, platinum, palla- 
dium, or metallic oxides or salts of weak inorganic acids, or mixtures thereof, at such a tem- 
perature (180°-360°) and pressure (20-150 atmospheres) that the water is kept liquid; thence 
the gases pass through a heat exchanger to the apparatus for removal of carbon dioxide. 
Hydrogen or a hydrogen-nitrogen mixture is thus obtained suitable for hydrogenation, the 
synthesis of ammonia, etc. By modifying the process incomplete catalysis is possible with the 
production of hydrogen-carbon monoxide mixtures suitable for organic syntheses (methyl 
alcohol, etc.). The compressed state of the gases is an advantage in the process, and also 
favors the carbon dioxide elimination. 

6374. Mixtures of Hydrogen and Carbon Monoxide. 89 Vaporized hydrocarbons, or 
gases containing hydrocarbons (e.g., coal gas), are burnt with just sufficient oxygen at tempera- 
tures above 1000° (preferably 1250°- 1500°) to convert all the carbon into carbon monoxide. 
The gas is first given an eddying motion by tangential passage into the lower part of a cham- 
ber, whence it expands through an annular passage in to the combustion chamber where the 
oxygen, as such or in admixture with air, is introduced under pressure through a series of water- 
cooled nozzles. The hydrocarbons are all converted into carbon monoxide and a small quan- 
tity of carbon dioxide; no carbon is deposited. The admission of oxygen is regulated so as to 
produce the required temperature of combustion; water vapor should be excluded. 90 

5376. Removal of Iron Carbonyl from Methanol. Synthetic methyl alcohol is freed 
from volatile iron compounds (iron carbonyl) before it is oxidized catalytically to formalde- 
hyde, by passing it, before or after admixture with the air for oxidation, through a tube, 
20-80 cm. long, containing inert material, such as glass, quartz, or porcelain, at 150° -3 00°. 
The iron carbonyl is decomposed, ferric oxide being deposited. The yield of formaldehyde 
from methyl alcohol vapor containing 19 mg. of iron as iron carbonyl per liter, is increased 
from 55.8 per cent to 83-85 per cent, and the life of the catalyst is prolonged considerably, 
by removal of the iron carbonyl. 91 

5376. Carbon Monoxide under Pressure — Necessity of Drying gas." If not dry the gas 
will attack the iron of the apparatus below 150° C. Above that temperature special alloys 
must be used for linings. (C/. Brit. Pat. 231,285). 

6377. Hydrogen is replaced by steam in one of Audibert’s processes for the 
synthesis of hydrocarbons and their oxygen derivatives. 93 Carbon monoxide is 
circulated with steam under heat and pressure over a catalyst composed of a mix- 
ture of the oxides of iron and copper. 

5378. Apparatus for Methanol Synthesis from Carbon Monoxide and Hydrogen. Appara- 
tus for this synthesis must be made of or coated with a metal or alloy which does not form 
carbonyls and which can resist the high temperatures used. Iron, cobalt and nickel are 
excluded. Special steels containing large quantities of chromium, manganese, tungsten, 
molybdenum or vanadium (such as “steel V2A”), the metals copper, silver, al uminum , and 

88 Chem. Aqc (London), 1928, 18, 56. 

88 French Pat. 632,660, Apr. 12, 1927. 

87 Chem. Abet ., 1928, 22 , 3497. 

88 Brit. Pat. 299,492, July 25. 1927; Brit . Chem. Abet., 1929. 17B. 

89 Brit. Pat. 300,328, Aug. 24, 1927, to Johnson (an I. G. Pat.) 

90 Brit. Chem. Abet., 1929, 45B. 

91 Ger. Pat. 420,442, Feb. 29, 1924, to the Badische Co., assignees of Bertram and Kuss; 
Brit. Chem. Abet., 1926, 463B. See also: Brit. Pat. 247,050 and U. S. Pat. 1,631,823 (June 7, 
1927), to Jannek, assigned to I. G. 

91 Brit. Pat. 247,217, Feb. 6. 1926, to I. G. Farbenind. A.-G. 

98 French Pat. 639,441, Jan. 24, 1927, to Soc. nat. do rocherches but le traitement des com- 
bustibles. 
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their alloys, also chromium, manganese, tungsten, molybdenum, vanadium may be used. The 
reaction tube may be protected against the action of hot hydrogen by forming it of a steel 
jacket with an inner wall of copper or other suitable metal. 94 

5379. In the manufacture of synthetic alcohols the inner parts of the apparatus with 
which the materials come in contact should consist of, or be coated with, metals other than 
iron, nickel, and cobalt, or of iron alloys stable to carbon monoxide. The catalysts and gases 
used must be freed from iron, nickel, and cobalt, and their volatile compounds. 96 

6380. Casale describee the circulation by an injection system of the gases in the methanol 
synthesis. 9 * 

5380A. Another process of conducting the methanol synthesis involves bringing the 
gases under high pressure into contact with a molten metal or alloy (e.g., lead) inert to the 
gases, baffle plates being arranged in the bath of metal to prevent the gases from coming into 
contact with the walls. 9 ** 

5381. Methanol Synthesis: Apparatus. An arrangement of concentric tubes for heat 
interchange between reagents and products is described by Casale. 97 

5383. Horizontal tubes containing catalyst are a feature of one apparatus by Patart. 98 

5382 A. Brit. Pat. 325,678 98 * describes a reaction vessel for ammonia or methanol synthesis 
which is provided with tubes having electric heating elements which are externally adjustable 
without releasing the pressure in the vessel. 

5383B. Undesired side-reactions such as the formation of methane, and the consequent 
overheating of the catalyst, are said to be avoided by injecting the liquid reaction product 
continuously, or from time to time, directly into the contact mass. 986 

5383. Temperature Control by Injection of Water. The Compagnie de B6thune describes 
the control of exothermic reaction temperatures by the addition of a volatile liquid, e.g., water. 
In the methanol synthesis the liquid is injected into the gas mixture just before it meets the 
catalyst. 99 

5384. In a process due to Walter, 100 hydrogen and carbon monoxide are separated by a 
diffusion partition formed of catalytic metallized asbestos. The gases difFuse into this parti- 
tion and react : the product, methanol, emerges under the diffusion pressure. 

5385. Heat Regulation and Transfer. 101 One invention deals with the utilization of the 
heat resulting from the reactions between oxides of carbon and hydrogen, or gases splitting off 
hydrogen, in the presence of a catalyst. Use is made of a steam boiler, in which steam is gen- 
erated at a pressure of 17 atmospheres, corresponding to a temperature of 205° C. In this 
boiler there is arranged a number of tubes containing the catalyst, for example, an activated 
nickel catalyst. A mixture of carbon monoxide and hydrogen is introduced and passed over 
the catalyst. The heat generated by the reaction serves for the production of steam of 17 
atmospheres pressure. In this manner, the production of methane, for example, may be car- 
ried on without any interruption by reasons of overheating or through stoppage of the cata- 
lytic action as the result of excessive cooling. 101 

94 Brit. Pat. 231,285, Feb. 8, 1924, to Badische Co.; Chem. Abst., 1925, 19, 3490. Cf. 
analogous patent to I. G. for berginization apparatus. Brit. Pat. 249,155, March 14, 1925; 
Chem. Abst ., 1927, 11, 1002. 

96 Brit. Pat. 286,010, Aug. 18, 1926, addition to 240,955, to Johnson, an I. G. communica- 
tion; Brit. Chem. Abst., 1928, 473B. 

96 Brit. Pat. 252,573, July 27, 1925, to Casale. 

•*• Gordon and Imperial Chem. Ind., Ltd., Brit. Pat. 317,131, May 12, 1928; Brit . Chem. 
Abst., 1929, 814B; Chem. Abst., 1930, 1948. 

97 Brit. Pat. 252,713, May 28. 1925, to Casale. Similarly Can. Pat. 267,008, Doc. 28, 1926, 
to same patentee. 

98 Brit. Pat. 252,362, May 25, 1925. 

•*• Morgan and Tongue, Feb. 6, 1929; Chem. Age (London), 1930, 400. 

I. G. Farbenind. A. -G., (Pier, inventor), Ger. Pat. 484,166, Sept. 16, 1923; Chem. Abst., 
1930, 860. 

99 Brit. Pat. application 283,499, convention date, Jan. 11, 1927; Chem. Age (London), 
1928, 18, 248; French Pat. 639,058, Jan. 11, 1927. 

100 U. S. Pat. 1,685,759, Sept. 25, 1928, to Walter (assigned to Verein fdr chem. Industrie 
A.-G.). 

101 Brit. Pat. 279,347, May 30, 1927, to Johnson (from I. G. Farbenind, A.-G.). IU. Off. 
Jour., Dec. 14, 1927; French Pat. 636,882, July 1, 1927. 

101 Ind. Chemist , 1928, 85. 



670 


HYDROGENATION 


5386. British Pat. 293,077, Mar. 3, 1927, to Johnson (from I. G. Farbenind. A.-G.) gives 
a metallurgical method of treating iron to render it suitable for use in the construction of 
apparatus for chemical processes with hydrogen (oxygen, or sulphur) at high temperatures 
and pressures. 103 

0387. Protection of Reaction Vessel Wall. 104 In order to prevent diffusion of reducing 
gases through copper walls of apparatus, owing to reduction of oxide present in the copper, 
the walls are protected from direct contact with reducing gases by a layer of inert gas such as 
nitrogen or carbon dioxide. This method is applicable in methanol synthesis. 106 Ordinary 
steel may bo used by operating in the presence of small quantities of substances remaining 
liquid under the working conditions, e.g., anthracene oil, paraffin wax, or organic compounds 
of high molecular weight. These substances form a film of liquid on the walls of the 
apparatus, which is thus protected. 106 * 

5388. Preheating of the Gases. Brit. Pat. application 275,248 by the I. G. (convention 
date, July 28, 1926), is analogous to Brit. Pat. 192,850, 1921. It describes the preheating 
of the gases before introduction into the reaction chamber. 

6389. Methanol as Internal-combustion Fuel. Methanol, obtained by cata- 
lytic hydrogenation of oxides of carbon, is used as a motor (internal-combustion) 
fuel. 108 It may be mixed with benzol or other fuels. 107 

6390. Gaus and Lappe 108 claim a liquid product obtained by the catalytic 
hydrogenation of carbon oxides under high pressure and this product with a trace 
of iron carbonyl, for use as a fuel or ingredient of fuel mixtures. The liquid may 
be a single aliphatic alcohol or a mixture of aliphatic alcohols. 

6391. On the other hand the I. G. 109 describe a fuel for internal combustion 
engines consisting of gasoline mixed with methanol (which may be the crude 
synthetic product, preferably anhydrous). As blending agents, benzenoid hydro- 
carbons or higher aliphatic alcohols or ketones may be added. 110 

5392. [Calcium Carbide, Coke] and Methanol. Coke is prepared by the carbonisation of 
coal in an oven or retort which communicates directly with a calcium carbide furnace, thus 
facilitating the introduction of coke into the latter at the highest temperature reached during 
its formation. The distillation products from the coal are mixed with carbon monoxide and 
catalyzed under pressure for the production of synthetic methyl alcohol. 111 

6393. In an article by Patart, 11 * a small-scale plant erected in 1922 by the 
French “ Services des Poudres ” is described. The mixture of water-gas and 
hydrogen is compressed to 500 atmospheres, freed from oily impurities in a sim- 
ple scrubber, and passed through the catalyst chamber. On leaving this the 
methyl alcohol produced is condensed by water-cooling and the gases are returned 
to the process. The condensate is a greenish, turbid liquid, owing to the pres- 
ence of salts of zinc, copper, and iron, the first derived from the catalyst and the 

103 Chem. Age (London), 1928, 19, 104. 

104 Brit. Pat. 260,888, June 2, 1926, to I. G. Farbenind. A.-G. 

™Chem. Abat ., 1927, 21, 3405. 

106 * I. G. Farbenind. A.-G., Brit, appln. 317,996, appln. date, Aug. 29, 1928; Chem. 
Age (London), 1929, 294. Cf. French Pat. 674,457, May 2, 1929; Chem. Abat., 1930,2515. 

106 Badische Co., Brit. Pat. 215,776, May 8, 1923. 

107 Chem. Abat., 1924, 18, 3471. 

108 U.S. Pat. 1,591,526, July 6, 1926, assigned to the Badische Co.; Chem. Abat., 1926, 20, 
3228. 

108 Brit. Pat. 251,969, May 8, 1925. 

11 °Chem . Abat., 1927, 21, 1537. 

111 French Pat., to Patart, 605,530, Oct. 9, 1925; Brit. Chem. Abat., 1926, 812B. 

111 Chim. el Ind., 1925. 13, 179. 
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last two from the apparatus, and amounting in all to 0.5 g. in 154 cc. The liquid 
after distillation yields 80 per cent of its original volume of methyl alcohol with 
traces of acids, higher alcohols, and ammonia, but free from acetone, the remain- 
der being water. Iron, nickel, and cobalt must be excluded, as at temperatures 
above 300° they catalyze other reactions, such as 2CO = CO* + C, and CO + 
3Hj = CH 4 + H a O. They cannot therefore be used in the heating elements of 
the catalyst chamber. No gas purification such as is necessary in the synthesis 
of ammonia is required. It is estimated that 100 liters of methyl alcohol can be 
produced from 300 cu. m. of water-gas at a cost of 25-35 gold francs. At this 
price, apart from its industrial uses, methyl alcohol is asserted to be capable of 
competing with gasoline as a motor fuel. 

6394. Fermentation Hydrogen. In the production of butyl alcohol and 
acetone by fermentation, the gases given off contain hydrogen and carbon 
dioxide which may be used for the synthesis of methanol and formaldehyde. 113 

6394A. The process described in this paragraph is the basis of one of the larg- 
est methanol synthesis operations, viz., the plant of the Commercial Solvents 
Corporation at Terre Haute, Ind. An account of this is published by Wood- 
ruff. 11 * 


The waste gases from the butyl alcohol and acetone fermentation of com, which are very 
constant in composition at 6 per cent of carbon dioxide and 40 per cent of hydrogen, are 
stripped of their solvent vapor content (55 per cent of acetone and 22.5 per cent each of butyl 
and ethyl alcohols) by passing through cooled activated cocoanut-shell charcoal. After removal 
of the carbon dioxide, the hydrogen is mixed with air to give a 3 : 1 hydrogen-nitrogen mix- 
ture on burning the oxygen to water vapor, and this mixture is then passed to the high- 
pressure converter. The yield of ammonia is equal to that obtained from the purest elec- 
trolytic hydrogen. The high-pressure ammonia plant has been adapted to the production 
of methyl alcohol, for which purpose it is necessary to remove only a portion of the carbon 
dioxide content of the fermenter gas, the reaction employed being COj + 3H* = CHj OH + 
HjO. Investigations are in progress for the development of a suitable process for supplying 
carbon monoxide in order to make use of the reaction CO + 2 H 2 = CHi-OH, whereby the 
methyl alcohol output for a given compressor capacity may be increased 33 per cent. 

6394B. In two American works a total of 635 tons of inferior corn is daily converted into 
about 55 tons of n-butyl alcohol, 27 tons of acetone, and 9 tons of ethyl alcohol, while at one 
of the works 13 tons of methyl alcohol are simultaneously synthesized from the fermentation 
gases. The corn, containing about 8 per cent of starch, is mixed with water at 71°, sterilized 
with steam under pressure, and fermented by means of the microorganism Clostridium 
acctobutylicum. The fermentation requires about two and one-half days, and its progress is 
followed by determining the acidity of the mixture and the gas evolution. The mixture of 
alcohols and acetone is concentrated and fractionally distilled. The mixture of carbon dioxide 
(60 per cent) and hydrogen (40 per cent) liberated during fermentation is washed with water 
under pressure, to bring the proportion to 25 per cent and 75 per cent, respectively, and is 
then compressed to 300 atmospheres, and passed over a catalyst comprising 97-75 per cent of 
xinc (or magnesium) oxide with 3-25 per cent of iron hydroxide. From the resultant mixture 
of 68 per cent of methyl alcohol and 32 per cent of water, pure mothyl alcohol is obtainod by 
rectification. 116 

5395. Synthetic Methanol Produced on Commercial Scale. 116 Manufacture of syn- 

111 Brit. Pat. application 268,749, convention date, Apr. 3, 1926, by Commercial Solv. 
Corp., assignees of Edmonds. 

114 Ind. Euq. Chem ., 1927, 19, 1147. 

1,6 Tropsch, Brennstoff-Chem . , 1928, 9; Brit. Chem. Abst., 1918, 281B. 

116 Chem. Sc Met. Eng. t 1927, 265. In 1929, the capacity of the plant of the Commercial 
Solvents Corporation was materially increased, and a unit of the Carbide and Carbon 
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thetic methanol on a commercial scale has been established at Belle, W. Va., where a plant is 
being operated by Lazote, Inc., affiliated with the Du Pont interests. Two years of inten- 
sive research and experimental work resulted in the development of a purely American 
process. There has been wide interest in the possible development of methanol in thin 
country and it had been expected American producers would operate under the French or 
German patents. The plant, operated in conjunction with Laxote’s synthetic ammonia 
manufacture, produces methanol from carbon monoxide and hydrogen under enormous pres- 
sures and at high temperatures. The commercial units now in production were built after an 
experimental plant had been operated satisfactorily for six months. The operations have been 
so successful that plans have been made to allow for extensive plant expansion. 


Additional References on Methanol Synthesis 

5396. Elworthy. Synthetic methanol. Can. Chcm. Met., 1925, 9, 139. Review of the 
Badische, the Patart and the Audi be rt processes. 

6396 A. Taylor and Kistiakowsky. Methyl alcohol catalysts. J. Am. Chcm . Soc., 1927, 
49, 2468. Study of adsorption of hydrogen, carbon monoxide and carbon dioxide. The 
methyl alcohol catalysts, zinc oxide and especially zinc oxide mixed with chromium oxide, 
adsorb very largo quantities of hydrogen, carbon monoxide, and carbon dioxide at 0° and 
100° after the surface has been cleaned of adsorbed water vapor and carbon dioxide by evacu- 
ation at 400° C. The adsorption isotherms arc of the type shown by metal catalysts in hydro- 
genation reactions, but the adsorption capacities are many times those of most metal cata- 
lysts under the same conditions. Strong adsorption of hydrogen and of carbon monoxide 
occurs at very low pressures; relative saturation is attained, since there is little increase in 
adsorption with a manyfold increase in pressure. This implies a considerable active sur- 
face per unit weight of material and a corresponding comparative insensitiveness to poisons. 
The heat of adsorption exceeds the heat of liquefaction of the gases and reaches values char- 
acteristic of heats of adsorption on metal catalysts. 117 

5396B. Valet te. Synthetic methanol. Chimie et Industrie , Special No. 235 (Apr., 1928). 
A discussion of the feasibility and probable cost of producing synthetic methanol independ- 
ently of the ammonia synthesis. 

5396C. V os8. Now syntheses in the solvent industry. Kunststoffe , 1927, 17, 79, 132, 
205. Review of patents for the production of solvents by the carbon monoxide and methane 
syntheses. 


Chemicals Corporation at Niagara Falls began commercial operations. The Du Pont 
Ammonia Corporation continued its production of methanol, and the future outlook is for 
greatly increased quantities of this important solvent. Ind. A Eng. Chcm., 1930, 22, 7. 
In the synthesis of ammonia, a process which has been developed in this country is that of 
converting into methanol the residual carbon monoxide of the nitrogen-hydrogen mixture thus 
purifying the latter for ammonia synthesis with the simultaneous production of a valuable 
product. (Crane, Ind. A Eng. Chem ., 1930, 22, 799.) The Casale process is now being applied 
industrially at the plant of the 41 Siri ” (Societa Ricerche Industrial) at Terni. The Ammonia 
Casale and the Societa Terni are said to be jointly interested in this plant. The “ Siri' ’ plant 
is now producing a ton and a half of synthetic methanol daily, which is as much as can be 
absorbed by the Italian market at present. The plant has a capacity of six tons daily. Chem. 
Age (London), 1930, 24. In Belgium the Soci6t6 des Fours A Coke E. Coppee is building a 
works at Villebroek for the manufacture of synthetic methanol. J.S.C.I. , 1929, 48, 1095. The 
U. S. Trade Commissioner in Tokyo has reported that the Mitsui Mining Co. has obtained 
permission to use a patent, owned by the Commerce and Industry Department, for the 
manufacture of methanol on a larger scale. The company has enlarged its plant at Meguro, 
outside Tokyo, where 200 tons per year have been produced, and the new plans call for a 
production of at least 1500 tons of methanol per year. Ind. A Eng. Chcm., News Edition, 
1929, 7, 9. According to Crane, the Du Pont Ammonia Corporation is producing large 
quantities of higher alcohols by high pressure synthesis from water-gas. These alcohols 
contain about 80 per cent of butyl and amyl alcohol, the remainder being propyl alcohol and 
alcohols higher than 5-carbon alcohol. Ind. A Chem. Eng., 1930, 22, 799. 

117 Brit . Chem. Abet., 1927, 1151B. 
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5S96D. Reindere. Composition of water-gas at lower temperatures. Z. phyeik. Chem., 
1927, 130, 405; Chem. Abet., 1928, 23, 860. Mathematical treatment of the equilibria under 
various conditions as applied to the carbon monoxide syntheses. 

0397. Horiha and Ri. Decomposition of carbon monoxide in presence of reduced nickel. 
Bull. Chem. Soc ., Japan, 1928, 3, 18. A study of the reaction velocity. 

5398. Vanick. Deterioration of alloy steels in ammonia synthesis, Chem. Met. Eng., 
1927, 34, 489. A study of the effects of high pressure (100 atmospheres), high temperature 
(500° C.) and corrosive gases (8.3 per cent ammonia in Nj : 3Hi mixture), on various alloy 
steels exposed for ten months. 

6399. Audibert. Synthesis of methanol. Chimie el Industrie , 1928, 20, 1015. A r£eum6 
of Audibert’s work, giving his experience with various catalysts. Full abstract in Brit. Chem. 
Abet ., 1929, 162B. 

5399 A. Bartlett, Hetherington, Kvalnes and Tremearae. The compressibility isotherms 
of carbon monoxide at temperatures from —70 to 200° and at pressures to 1000 atmospheres. 
J. Am. Chem. Soc., 1930, 02, 1374. Idem. The compressibility isotherms of hydrogen, 
nitrogen and a 3 : 1 mixture of these gases at temperatures of —70, —50, —25 and 20° and 
at pressures to 1000 atmospheres. Ibid., 1930, 02, 1363. 

0399B. Birk and Nitzschmann. The methanol synthesis and its theoretical basis. 
MetaUbfirae, 1929, 19, 1350, 1405, 1462, 1573, 1629, 1742, 1798, 1910; Chem. Abet., 1929, 
5157. The development of synthetic processes for the production of methanol is outlined, 
and the fundamental equations for the gas reactions involved are explained fully; 141 such 
equations, with deductions from them, curves involved, etc., are given. Nitzschmann. 
Equations and tables of constants involved in the reaction: CO + HjO = Hj + COj + 
10,400 cal. MetaUbOree, 1930, 20, 5-6, 118-20; Chem. Abet., 1930, 2365. 

0399C. Ullrich. Review of processes for the catalytic production of methanol from 
carbon monoxide and hydrogen. MetaUbOree, 1929, 19, 1181, 1238, 1294. 

0399D. Damm, Mon. prod, chim., 11, No. 114, 1-5; Chem. Zentr., 1928, II, 2208; Chem. 
Abet., 1929, 4668, has reported on the manufacture of synthetic ethyl and methyl alcohols 
by the Mining Company of B^thune, from coke-oven gases. The gases consist chiefly of 
hydrogen, methane, ethylene, carbon monoxide and nitrogen. Hydrogen is separated by 
liquefaction of the rest of the gases. Ethylene, methane and carbon monoxide can be 
separated by the same method. Ethylene is converted into ethanol by means of sulphuric 
acid. A mixture of hydrogen, carbon monoxide and nitrogen serves for the synthesis of 
methanol. Ammonia is synthesized from the remaining mixture of hydrogen and nitrogen. 

0399E. Controversial discussion between Badische Co. and Patart. Ind. Eng. Chem., 
1925, 17, 859. 
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REDUCTION OF CARBON OXIDES 

n. Methane 

6400. The reduction of carbon monoxide to methane and the reverse reaction 
are of interest in several connections: the synthesis of methanol, the synthesis 
of higher oxygenated compounds (synthol), the synthesis of hydrocarbons, in 
the Cedford gas process, and in the manufacture of hydrogen. We have already 
discussed the general results of passing hydrogen with carbon monoxide over 
catalysts in methanating conditions. What follows is a series of notes of specific 
work on this reaction. 

6401. Natural Gas as a Source of Carbon Monoxide. Nash 1 points out that 
the natural gas now burning to waste in many places might, perhaps, prove an 
economical raw material for the carbon monoxide syntheses if treated by a 
method of the Badische Co. 

0402 . The Badische Co. states that gases obtained by the distillation of bituminous coal, 
natural gas or cracking gas can be partially oxidized by passing over a catalyst together with 
a restricted quantity of oxygen. In some cases, e.g., with natural gas, mixtures were obtained 
ready for use to be converted catalytically to methanol. In others some adjustment of 
constituents was necessary. An example is given of a gas mixture derived from coke-oven 
gas containing carbon dioxide 2 per cent, heavy hydrocarbons 2 per cent, carbon monoxide 
7 per cent, hydrogen 52.2 per cent, methane 29.5 per cent, nitrogen 7 per cent, which was 
mixed with 23 per cent of oxygen and partially burnt with the latter at 1000° C. in presence 
of nickel-coated magnesia. The resultant gas mixture was carbon dioxide 1.5 per cent, 
carbon monoxide 20 per cent, hydrogen 64 per cent, methane 3.5 per cent, nitrogen 5 per cent. 
On many fields natural gas is burned because an economical use has not been, so far, found 
for it, but the above patent points to the possibility of natural gas being oxidized in the 
presence of oxygen, afterwards to be reduced in the presence of hydrogen, giving a liquid fuel. 
Such a method should be far less costly than where the carbon monoxide has to be prepared 
from coke or semi-coke, particularly as tremendous quantities of natural gas in various parts 
of the world are at present going to waste.* 

6403. The Reduction of Carbon Monoxide to Methane in the Presence of 
Iron and under Pressure. This reaction was studied by Fischer and Tropsch.* 
The apparatus was an iron tube 90 cm. long and 2.1 cm. internal diameter. The 
tube was electrically heated. The conditions were: pressure, 2-100 atmos- 

1 Possible auxiliary sources of liquid fuels: J. Inst. Petrol. Tech ., 1924, 13 „ 681. Refers to 
Badische Co.’s Brit. Pat. 266,410. 

* The subject of the utilization of methane is well and fully examined by Nash and Stanley, 

1929, 48 , 2T, and in Fuel in Science and Practice , 1928, 7 , 397. See also Nash on 
“Synthetic Fuels,” J. Inst. Petroleum Tech., 1930, 16 , 313. 

* Brennstoff-Chem. t 1923, 4 , 193-197; Chem. Abet., 1924, 349. 
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pheres; temperature 400°-430° C. The gas mixture consisted essentially of car- 
bon monoxide and hydrogen. At 2 atmospheres the yield of methane was small. 
The greatest yield was at 45-55 atmospheres. The reaction may be considered as 
taking place as follows: 

CO + 3Hj = CH 4 + HjO 
CO + H,0 = CO, + H, 

6404. Reduction of Carbon Monoxide to Methane with Metal Catalysts. 4 * The metals 

catalyzing the reduction of carbon monoxide to methane in order of decreasing efficiency, 
are ruthenium, iridium, rhodium, nickel, cobalt, osmium, platinum, iron, molybdenum, palla- 
dium, and silver. Copper, gold, tungsten, antimony, manganous oxide, and chromic oxide 
are without influence. Since no carbonyls of osmium, iridium, palladium, or rhodium are 
known, it cannot be definitely stated that the formation of a metal carbonyl is a stage in the 
reaction. Similarly, no relation can be traced between the affinity of the metal for hydrogen 
and its efficiency as a catalyst. No intermediate products likely to be formed, such as for- 
maldehyde, etc., could be isolated, but unsaturated hydrocarbons were observed with ruthen- 
ium and platinum which cannot be accounted for. Ruthenium is also active in the reduction 
of carbon dioxide to methane; although poisoned by sulphur compounds, it is reactivated by 
heating at 600°- 7 00° in a current of air. Oxides such as aluminum oxide in conjunction 
with nickel have a beneficial catalytic influence. 6 

6400. Reduction of Carbon Monoxide — the “ hot-cold ” Tube. The hotreold tube 
consists of an electrically heated iron spiral brought to red heat in an iron autoclave sur- 
rounded by cold water. When this apparatus was filled with a mixture of carbon dioxide 15, 
carbon monoxide 23 and hydrogen 56 at 120-150 atmospheres, the pressure fell to 70-80 
atmospheres and the gas mixture was found to contain methane hydrocarbons 15-19 per 
cent, carbon dioxide 9 per cent, carbon monoxide 40 per cent, hydrogen 22-29 percent. 
Carbon was deposited on the spiral and water formed contained formaldehyde. When the 
temperature of the spiral was controlled and held at about 620° C., the hydrogen disappeared 
almost completely; a larger quantity of saturated hydrocarbons and an acid aqueous solution 
containing formaldehyde were formed. The only effect of treating the spiral with alkali was 
to decrease the yield of formaldehyde. 6 

6406. The results obtained by Fischer and Jaeger have been confirmed with various 
binary and ternary mixtures of carbon monoxide, carbon dioxide, and hydrogen. Reduction 
is perceptible at 500°, and is accelerated by higher temperatures and pressures. Covering 
the iron spiral with asbestos or with aluminum hydroxide had little effect. Methane is 
formed in amounts up to 30 per cent, and is accompanied by higher homologs. Formalde- 
hyde was only detected qualitatively, and methyl alcohol was not formed. Appreciable 
amounts of carbon were deposited. On replacement of the iron spiral by a copper spiral or 
foil, partial reduction of carbon dioxide to carbon monoxide was observed only at 800°; at 
lower temperatures no reaction occurred. Nickel wire gives similar results to iron, but the 
reaction is slower. Tungsten, molybdenum, and charcoal behave similarly about 550°, but 
the reaction velocity is considerably less than in the case of iron and nickel. 

6407. When heated at 600°-700° and under 1-6 atmospheres in the hot-cold tube pre- 
viously described in presence of steam and iron, carbon monoxide is decomposed into carbon 
dioxide and carbon and into carbon dioxide and hydrogen, the former reaction preponderating. 
The same reactions occur in the presence of methane, the latter gas being practically 
unchanged. Mixtures of carbon dioxide and methane are practically unchanged under 
these conditions. Methane alone is practically unchanged, only traces of carbon being 
deposited and a very little hydrogen formed, although condensation to form higher homologs 
may occur. Unsaturated hydrocarbons, formaldehyde, or alcohols were not formed. 7 

6408. Reduction of Carbon Monoxide — Nickel Catalyst : Atmospheric Pressure. The 
normally quantitative methane formation from carbon monoxide (1 volume) and hydrogen 


4 Fischer, Tropsch and Dilthey, Brennstoff-Chem ., 1925, 6, 265. 

1 J. Chem. Soc ., 1925, ii, 982. 

6 Fischer and Jaeger, Abhandl. Kcnnt. Kohle, 1925, 7, 68: Chem. Abet., 1927, 81, 2550. 

7 Fischer and von Wangenheim, Brennstoff-Chem ., 1928, 9, 94-97; Brit. Chem. Abst. t 1928,. 
355B. 
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(3 volumes) over a nickel catalyst at 240°-250°, is much inhibited by the presence of ammonia. 
The final gas contained methane 13 per cent; there was no formaldehyde or hexamethylene- 
tetramine. With a nickel catalyst which had been treated with alkali the same mixture at 
400° C. gave 63 per cent of methane and 1.1 per cent of saturated hydrocarbons; water was 
also formed. With untreated catalyst no saturated hydrocarbons were formed. An equal 
volumes mixture of hydrogen and carbon monoxide over an alkaline nickel catalyst deposited 
much carbon at 400° C. The more alkali the less carbon dioxide and methane were formed. 
No methanol was detected. 8 

6409 . The optimum temperature for the formation of methane is in a narrow cone at 
260° C. A copper-nickel catalyst gives poor yields. Palladium does not cause the formation 
of ethylene. No formaldehyde was formed as the result of passing carbon monoxide, hydrogen 
chloride and hydrogen over cuprous chloride, copper, iron or nickel at 200°-300° C. (which is 
contrary to the statement by Church in French pat. 519,949). Formaldehyde is formed 
when formic acid vapor mixed with hydrogen is passed over metals at lower temperatures, 
over indifferent substances at higher temperatures or through an empty glass tube at 700°- 
750°. Carbon monoxide and steam yield small quantities of formic acid when passed over 
hydrated silica at 320° C.; at 450° C. in a quartz tube about 1.5 per cent of the carbon mon- 
oxide is converted into formaldehyde. The yield decreases with increasing temperature; 
no formation of formaldehyde occurs in the presence of nickel or copper catalysts or when 
steam is replaced by hydrogen. Hydrogen freed from hydrogen sulphide does not reduce 
carbon monoxide to formaldehyde at 400° C., nor is formaldehyde produced by reducing the 
compound K*Fe(CN)*CO with hydrogen. 9 

6410 . Catalytic Formation of Methane from Carbon Monoxide and Hydrogen. 10 A sugar 
charcoal-nickel (73/27) catalyst for the reaction CO + 3Hj = CH« + HjO, prepared by 
the carbonization of a mixture of solutions of sucrose and nickel acetate, retains its activity 
undiminished for months when the theoretical ratio of carbon monoxide and hydrogen is 
employed. The critical space velocity (cubic centimeters of gas per cubic centimeter of 
contact material per minute) below which carbon monoxide is found in the outflow gases 
is large, and increases considerably with rise of temperature. This catalyst entirely sup- 
presses the reaction 2CO = C + COj, and prevents the deposition of carbon on the nickel 
surface. Ceria acta as a promoter for the catalyst, e.g., at 355° the critical space velocity is 
3.5 without ceria, whereas with ceria it is > 4.4. The presence of carbon dioxide in the 
outflow gases is due mainly to the reaction 2CO + 2Hj = COj + CH 4 , and partly to the 
reaction CO + HjO = COj + Hj, the latter being suppressed at high space velocities. 

6411 . Production of Fuel Gases Rich in Methane. 11 The sugar charcoal-nickel catalyst 
is not efficient in the conversion of hydrogen-carbon monoxide mixtures (1:1) into methane 
in accordance with the equations 2CO + 2H* = COi + CH< and CO + 3H* = CH 4 + H*O t 
unless a promoter be used. Ceria is without influence in promoting the first reaction, but 
vanadic acid is very efficient, its activity rapidly increasing with rise of temperature. The 
activity of this catalyst remains steady for months if the reaction temperature be maintained 
below 500°, and at 400° the exothermic reactions involved maintain the temperature of the 
catalyst without external heating. Ferric oxide is also an efficient promoter, but the substi- 
tution of cocoanut charcoal for sugar charcoal yields a catalyst which, although possessing 
initial high activity, does not remain steady, and has a small temperature coefficient. Exam- 
ination of the composition of the incoming and effluent gases shows that equivalent quantities 
of methane and carbon dioxide are produced by the first reaction, the excess of methane 
found resulting from the second reaction which is favored by a high space volume. The 
calorific value of the resulting gas is slightly lower than that of carburetted water-gaa, the 
large volume of carbon dioxide produced acting as a diluent. 11 

6419 . The effects of various catalysts, mostly mixed metallic hydroxides, for the reaction 
2CO + 2Hj = CH 4 + CO* have been studied, and it is found that while some of them, e.g., 
nickel hydroxide on aluminum hydroxide, are active at 300°, they are not steady, and the 
rate of fall of activity is rapid. The sugar charcoal-nickel catalyst on pumice is more 

8 Tropsch, Schellenberg and von Philippovich, Abhandl. Kennt. Kohle , 1925, 7 , 63; Chem. 
Abet., 1927, 91 , 2550. 

9 Jaeger and Winkelmann, Abhandl. Kennt . Kohle , 1925, 7 , 55; Chem. Abet., 1927 , 19 , 
2550. 

10 Chakra varty and Ghosh, Quart. J. Indian Chem. Soc., 1025, 9 , 150. 

11 Chakravarty and Ghosh, Ibid., 157. 

11 Brit. Chem. Abet., 1926 , 948B. 
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active if 50 per cent more nickel is used in it* preparation and, in contradistinction to the 
others used, loses its activity very slowly. 11 

5413. Methane by Reduction of Carbon Monoxide— Nickel Catalyst. This well-known 
reaction is the subject of British Pat. 244,070, Dec. 3, 1924, to the Chcm. Fabr. Griesheim- 
Elektron. The gas-flow is adjusted to insure rapid removal of the product from the reaction 
aone. 14 

5414. Chemicals, in the technical number, Mar. 15, 1920, speaks of this patent (or appli- 
cation), as follows: The Chemische Fabrik Griesheim-Elektron has applied for a British patent 
for a process in which methane is prepared by the interaction of carbon monoxide and hydro- 
gen-containing gases over a nickel catalyst maintained at a temperature of 400° C. or above. 
To permit of the use of this temperature, which is substantially higher than that usually 
employed, the rate of flow of the gas mixture is adjusted to insure rapid removal of the 
product from the reaction sone. The gases may be passed over one or more catalysts 
arranged in series, or the process may be operated cyclically. 

5410. The Decomposition of Carbon Monoxide on Nickel. H. A. and T. Bahr 16 by 
experimental and analytical methods seem to have proved that metallic nickel catalyzes the 
reaction: 2CO *= C + COi + 39.9 cal., by first forming a carbide NUC. Below 270° C. the 
decomposition of the monoxide with formation of NUC goes to completion, without deposit 
of free carbon and then stops. Between 270° C. and about 400° C. decomposition continues, 
the catalyst being NUC and free carbon is deposited. Above 400° C. the carbide decom- 
poses. By passage of hydrogen over the catalyst the carbon of the NUC comes off as methane, 
but the free carbon is unaffected. 

5416. Synthesis of Methane. 11 Hydrogen and carbon monoxide are passed over a nickel 
catalyst at a temperature above 500° C. and at a speed rapid enough to prevent separation 
of carbon. 

5416A. Carbon monoxide is caused to react with a hydrogen-containing gas in successive 
stages to form formaldehyde, methanol and then methane, without isolating intermediate 
products and at least one of the first two stages of the reaction is effected in the presence of 
44 mild M reduction catalysts such as copper, manganese, cadmium, zinc, lead, tin, magnesium, 
silver, gold or platinum associated with oxidation catalysts such as compounds of chromium, 
vanadium, titanium, molybdenum, tungsten, cerium, thorium, uranium or zirconium, both 
of which are incorporated in porous carriers such as pumice or kiosolguhr of not more than 
slight catalytic activity; the stage producing methano from methanol is effected in the 
presence of strong reduction catalysts such as iron, nickel, cobalt, or palladium. U. S. Pat. 
1,741,307 relates to processes in which, in at least one of the first two stages, the oxidation 
catalyst serves as a carrier for the “ mild ” reduction catalyst. U. S. Pat. 1,741,308 specifies 
the admixture together of the catalysts for the different successive stages of the process / lu 

5417. Randall and Gerard examined the synthesis of methane from carbon dioxide and 
hydrogen. 17 The equilibrium for the reaction: COj + 4H* ±=s CH 4 + 2HiO was determined 
by the dynamic method, at atmospheric pressure and at temperatures between 322° and 
392.5° C. Hightower and White l7# report experimental work on the same equilibria. 

5418. Conversion of Methane into Hydrogen and Carbon Monoxide. The effect of 
20 different catalysts on the reaction CH 4 + COj — ► 2CO + 2H* at 850° C. has been studied. 
Copper, iron, molybdenum, and tungsten had a negligible catalytic effect; cobalt and nickel 
were equally active, giving a 50 per cent conversion under the experimental conditions, but 
their activity was greatly increased by the addition of alumina, a nickel-alumina catalyst 
giving a 95 per cent conversion. Porous pot proved to be the most suitable support for the 
catalyst, other materials breaking down after a time. 

5419. By mixing a purified coke-oven gas with carbon dioxide in the proportion 4 : 1 
and passing the mixture over one of the more activo catalysts at 85C°-870° C., the methane 
was almost completely converted into hydrogen and carbon monoxide. At the same time 
the unsaturated hydrocarbons were completely decomposed and the organic sulphur com- 

11 Idem, ibid., 1917, 4, 431. 

14 Chem. Abst., 1927. 81, 104. 

11 Ber., 1928, 61B, 2177; Chem. Abst., 1929, 83, 750. 

1# U. S. Pat. 1,043,063, Sept. 27. 1927. to Klatte and Sol. 

“•Jaeger (to Selden Co.), U. S. Pats. 1,741,306. -7, -8, Doc. 31, 1929; Chem . Abst., 1930. 
1125-6. Cf. U. S. Pat. 1,735,925, Nov. 19. 1929; Chem. Abst., 1930, 695. 

11 Ind. Eng. Chem., 1928, 10, 1335; Chem. Abet., 83, 814. 

IU Ind . Eng. Chem., 1928, 80, 10. 
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pounds were converted into hydrogen sulphide- By the passage of a mixture of coke-oven 
gas and water vapor over the same catalysts at 860°-930° C. the reaction CH4 + HjO — ♦ 
CO + 3Hi was made to proceed almost to completion, and a gas was thereby obtained of 
composition suitable for the benzine synthesis. It was not possible to bring about a com- 
plete decomposition of the methane by passage of this mixture over heated coke, even at 
1000° C. with a large excess of water vapor and a slow rate of passage of the gas. 18 

5419A. Hydrocarbons and other organic compounds are prepared by treating oxides of 
carbon with hydrogen at a high temperature in the presence of catalysts which contain besides 
metals of the 8th group of the periodic system, alkali metal compounds, the content of alkali 
metal (in the combined state) being below 0.6 per cent. 18 ® 

6419 B. Paraffin hydrocarbons containing a plurality of carbon atoms are prepared from 
hydrogen and oxides of carbon by passing these gases over a catalyst at a temperature lower 
than that at which the catalyst promotes the production of methane only. The reaction may 
be conducted at reduced, ordinary, or slightly raised pressure. Suitable catalysts are mix- 
tures of zinc oxide with iron, or copper with iron, or cobalt with copper; pure nickel is not 
considered suitable. 186 


Various Syntheses of Hydrocarbons 

5490. Methane or a gas containing it is heated at 200°-600° under pressure with a catalyst, 
e.g., ferric oxide, mixtures of metallic oxides, or the corresponding metals obtained by reduc- 
tion of the oxides. Liquid hydrocarbons are obtained, the greater part of the product distill- 
ing between 38° and 100°. Butane and ethane are also produced. The methane used need 
not be pure, the presence of hydrogen, oxygen, or other gases appearing favorable to the 
reaction. 1 * 

5491. According to the Compagnie de B6thune 20 it is necessary to have oxygen present in 
order to produce petroleum hydrocarbons from methane; this oxygen may bo in the form of 
oxide catalysts. 

5499. Methane or methane-containing gas is cracked at 500°-950° C., cooled, and at 
about 250°-350° C. is conducted over a catalyst containing zinc chloride; both operations 
are conducted under a pressure of not less than 70 atmospheres. 21 

5423. Referring to such a process, Goudet 22 discloses the passage of the gas at the higher 
temperatures over calcium fluoride, to which may be added sulphides, selenides, or tellurides. 

5424. Goudet also 23 says methane may be treated with nickel, iron or cobalt, or their 
compounds under a pressure of 1000 kg. per sq. cm.: the reaction is promoted by the addition 
of alkali or alkaline earth metals or of chlorine, bromine, iodine, sulphur, selenium or thallium. 
The methane may be mixed with mercury vapor and subjected to an electrical field. 

5424A. Methane, mixed with steam, is injected at 400 lb. per sq. in. into a retort initially 
at 1260°, and the mixture of carbon monoxide and “ nascent ” hydrogen is passed at 325°- 
475° through a catalyst chamber containing iron calcined with potash. The resultant mix- 
ture of alcohol and hydrocarbon vapors passes through a relief valve to cooling coil and 
receiver. Alternate use of a similar retort in parallel with the first and connected with the 
same catalyst chamber gives a continuous process. 23 ® 

5425. To produce hydrogen and hydrocarbons (mainly olefinic), a thin stream of 
methane is gradually and uniformly heated and the reaction products are cooled suddenly and 
kept under reduced pressure until completely cooled. The stream may be of annular form, 
of about 1 mm. thickness and may be heated to 950° C. under a reduced pressure of 20 cm. 
Hg. 24 

18 Fischer and Tropsch, Brennstoff-Chem ., 1928, 9, 39; Brit. Chem. Abst., 1998, 322B. 

18 ® I. G. Farbenind. A.-G., French Pat. 660,133, Sept. 10, 1928; Chem. Abst., 1930, 127. 

186 Fischer and Tropsch, Ger. Pat. 484,337, July 22, 1925; Chem. Abst., 1930, 1119. Cf. 
U. S. Pat. 1,746,464, Feb. 11, 1930; Chem. Abst., 1930, 1649. 

19 French Pat. 613,542, July 27, 1925, to Comp, de BGthune; Brit. Chem. A&d., Feb. 17, 
1928, 116B. 

20 French Pat. 615,972. 

21 Brit. Pat. 255,493, July 18, 1925. 

22 French Pat. 31,758, Dec. 9, 1925 (addition to French Pat. 613,146). 

23 French Pat. 32,666. May 26. 1926 (addition, also, to 613,146). 

«• Webster, U. S. Pat. 1,711,913, May 7, 1929; Brit. Chem. Abst., 1999, 880B. 

“Chem. Abst., 1927, 91, 3368; Brit. Pat. 261,267, Apr. 29, 1926, to PStrole aynthStique 
S. A. and Folliet. 



REDUCTION OF CARBON OXIDES: METHANE 


679 


6426. Indirect Synthesis of Hydrocarbons from Methane. 25 Carbon deposited in a heated 
retort by the passage of methane through it is decomposed by a current of steam, yielding 
carbon monoxide and hydrogen, and the gas mixture after the addition of more hydrogen, 
is used for the synthesis of hydrocarbons. 16 

6426A. Carbon Black. 16- Methane is thermally decomposed by passing it with a diluent 
such as nitrogen or hydrogen through a retort containing highly heated checkerwork to 
obtain a carbon of black color and low rubber stiffening qualities. 

6427. Alcohols and Liquid Hydrocarbons from Coal Gas. 17 Coal gas, or a suitable mix- 
ture of hydrogen, methane, and carbon monoxide, is led at 400°-600° C. under 400 atmos- 
pheres over magnetic iron oxide, and the gaseous products, after condensation of alcohols, 
etc., are converted into oily hydrocarbons, boiling-point below 100° C. by passage over active 
carbon at 100°-400° C.» 

6427 A. Ferric oxide, unlike reduced iron, yields liquid as well as gaseous products when 
used as a catalyst for the interaction of carbon monoxide and hydrogen. The yield of liquid 
products quickly falls to zero with the reduction of the ferric oxide. The reduction of the 
ferric oxide is prevented to some extent by the addition of alkali, or by the use of a gas mixture 
containing excess of hydrogen. The addition of alkali salts, or copper, is of no benefit, 
neither is the use of lower pressures and temperatures practical, nor the replacement of the 
iron by manganese. In all these cases carbon is deposited on the catalyst, and leads to 
irregular action. Better results have been obtained by converting the ferric hydroxide into 
phosphate or borate by addition of acid, adding a solution of the nitrates of copper and 
manganese, precipitating as a paste by soda, and then adding potassium carbonate. With 
this no carbonaceous deposit is formed, and a yield of 16-17 per cent by weight of organic 
liquids has been obtained. The remainder is gaseous hydrocarbons, carbon dioxide, and water 
vapor. About two thirds of the organic liquid distil below 180°, this including a large pro- 
portion of aliphatic alcohols which must be recovered from the aqueous layer. These 
results were obtained at 380°-450° with a space velocity of about 10,000 and at 150 atmos- 
pheres pressure - 18- 

6428. In one of Patart's processes n another method for the simultaneous synthesis of 
methanol and liquid hydrocarbons is adopted. A mixture of coal gas and water-gas in approx- 
imately equal amounts is used, a typical sample having carbon dioxide, 3 per cent; carbon 
monoxide, 26 per cent; ethylene, 1.4 per cent; methane, 8.9 per cent; hydrogen, 54 per 
cent; oxygen, 0.6 per cent; nitrogen, 6 per cent. This is circulated for eight hours at 150- 
250 atmospheres over a zinc oxide-chromium oxide catalyst at 300° C., fresh gas being intro- 
duced as required. The liquid product is a mixture of 2.5 per cent hydrocarbons and hydrated 
methanol. The spent gas contains: carbon dioxide, 1.2 per cent; carbon monoxide, 27.2 
per cent; ethylene, 2.2 per cent; methane, 27.3 per cent; hydrogen, 16.7 per cent; nitro- 
gen, 25.4 per cent; oxygen, nil. It is claimed that the hydrocarbons are formed from the 
ethylene, while the methanol is produced by the hydrogenation of the acids of carbon in the 
gas and subsequently from the same substances formed by the incomplete combustion of the 
methane. At higher pressures the reaction can be taken to a final hydrogen concentration 
of 4-5 per cent. 

6429. Synthesis of Benzene Hydrocarbons from Methane under Ordinary Pressures 
and without Catalysts. 10 The yields of tar and light oil formed when methane is passed 
through a heated tube havo been determined. A relatively high temperature (above 1000°) 
and a high gas velocity are necessary to obtain satisfactory yields of liquid products. The 
formation of free carbon increases rapidly with rise of temperature, but can be prevented or 
diminished by correspondingly increasing the gas velocity. Quartz and porcelain aro the 
most suitable materials for the tube; iron and copper favor the separation of carbon. Up 

11 Can. Pat. 264,324, Nov. 28, 1925, to Spear, assigned to Thermatomic Carbon Co. 

18 Brit. Chcm. Abet ., 1927, 961B. 

Spear and Moore (to Thermatomic Carbon Co.), Brit. Pat. 307,743, March 12, 1928; 
Chcm. Abst., 1930, 212; Brit. Chcm. Abst., 1930, 626B. 

17 French Pat. 613,541, July 27, 1925, to the Cie. do B6thune. 

® Brit. Chcm. Abst., 1928, 885 B. 

“•Audibert and Raineau, Ann. Off. not. Combustibles liquides, 1928, No. 3; Ind. Eng. 
Chem., 1929. 21, 880-885; Brit. Chcm. Abet., 1929, 840B. 

19 Brit. Pat. 247,932, Apr. 21, 1926; J . Inst. Petrol. Tech., June, 1927, Abst. No. 285; 
Unit. OU Prod. Co. Bull. 

60 Fischer, et at., Brennstoff-Chem., 1928, 9, 309. 
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to 12.9 per cent of the methane haa been converted into light oil and tar by one passage 
through a heated quarts tube. If the methane is diluted with other gases a higher reaction 
temperature is necessary in order to bring about the same percentage conversion. The tar 
contains considerable quantities of naphthalene; the presence of anthracene and phenan- 
threne has also been established. The light oil consists principally of benzene and toluene. 11 

6430 . A process for making benzenoid hydrocarbons is described 11 in which methane or 
methane-containing gas is conducted over a catalyst at 700°- 1000° or higher, at ordinary 
pressure or higher at sufficiently high velocity to prevent condensation of the primary products 
into higher molecular products. 11 


III. Other High-pressure Syntheses op Hydrocarbons and Synthol 

6431. Certain modifications in the operative conditions, chiefly of the cata- 
lyst composition, produce from mixtures of carbon monoxide and hydrogen, 
instead of methanol, its higher homologs and other oxygenated compounds and, 
instead of methane, higher hydrocarbons, saturated and unsaturated. 

6432. Two distinct methods of operation are followed: high-pressure opera- 
tion which dates from 1913 at latest, and low (atmospheric) pressure operation 
which was introduced by Fischer and Tropsch in 1926. 

6433. There has so far been much less commercial development of these 
processes than of the related methanol process. For this there are two reasons. 
Neither process gives, at a cost which can more than meet the competition of 
established methods, a preponderant yield of a single utilizable chemical, analo- 
gous to methanol, for which there is a large demand. Secondly, their products 
in the most immediately obvious field of utilization, viz., the fuel market, have 
to compete with an enormous output of cheap natural products in a closely organ- 
ized trade. 

6434. Synthol and Synthin. The mixtures of oxygenated compounds obtained 
by the reduction of carbon oxides under suitable conditions are known as synthol 
which convenient name was given to them by Fischer. 34 The mixtures of hydro- 
carbons produced by a further modification he calls synthin. 

6436. The Badische Company's patents of 1913 and 1914 38 are justly 
regarded as the starting-point of the high-pressure processes for the synthesis 
from carbon oxides and hydrogen of the homologs of methane and ethylene and 
their oxygenated derivatives. The British patent is cited verbatim in Fischer’s 
Conversion of Coal Into Oils (tr. Lessing: Van Nostrand Co., 1925): the follow- 
ing abstract gives the substance of the corresponding French patent. 

5436 . Carbon monoxide or dioxide, or a mixture of the two, is made to react with hydrogen 
or compounds rich in hydrogen, such ns methane, by passing the gases over heated catalysts 
under high pressure. According to the nature of the catalyst and the pressure employed, 
a variety of products may be obtained, such os liquid hydrocarbons, both saturated and 

11 Bril. Chcm. Abet., 1928, 844B. 

” Brit. Pat. 264,827, Jan. 19, 1926, to the I. G. 

M Brit. Pat. 258,608 and French Pat. 610,543 relate to the same class of operations. 
None of these patents gives any clear statement of yield; Univ. Oil Prod. Co. Bull. 

u Brcnnstoff-Chem . , 1923, 4 , 276. 

“Brit. Pat. 20,488, Sept. 10, 1913; Gcr. Pat. 293,787; French Pat. 468.427, Feb. 13, 
1914, convention date, Mar. 7, 1913; U. S. Pat. 1,201,850, Oct. 17, 1916, this last to 
Mittasch and Schneider. 
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unsaturated, aldehydes, alcohols, ketones, and acids. To obtain larger quantities of liquid 
product it is better to use gaseous mixtures containing relatively small proportions of hydrogen. 
Metals or metallic oxides (cerium, cobalt, molybdenum, osmium, palladium) may be used 
as catalysts, and their effect may be intensified by adding highly basic substances, such as 
alkali hydroxides. A mixture of two parts of pure carbon monoxide to one part of pure hydro- 
gen passed over asbestos impregnated with cobalt oxide and a small quantity of caustic soda, 
heated to 300°-400° C., under a pressure of 100 atmospheres, yields a deposit of carbon, 
together with water, carbon dioxide, methane, and higher hydrocarbons and their oxygen 
compounds, which are condensed or absorbed in a cooled vessel. The condensed liquid con- 
sists of an aqueous solution of aldehydes, etc., on which floats an oily liquid containing sat- 
urated and unsaturated hydrocarbons, of boiling-points up to 250° C. or more. If a gaseous 
mixture containing nitrogen or sulphur compounds is used, compounds containing nitrogen 
and sulphur are formed in some cases. Gaseous mixtures which contain traces of substances 
which act as contact poisons are purified by passing them over a heated mass of catalyst 
before bringing them to the reaction proper. 11 

6437. In the light of more recent knowledge, one is interested by the mention 
of the use of the alkaline catalysts, of the possible though not recommended 
low working pressure of 5 atmospheres, of the insistence on the carbon monoxide 
being in excess, even to three times the volume of the hydrogen. Fischer ( loc . 
cit., p. 222) was unable to confirm the statement that a zinc oxide catalyst with 
potassium carbonate at 90 atmospheres and 400° C. causes the production of 
liquid hydrocarbons and organic oxygenated compounds. He found it necessary 
to add a metal. 

6438. Mechanism of Synthol Formation — Condensation of Methanol. With 
a view to elucidating the synthol reaction Tropsch and von Philippovitch 91 
investigated the condensation of methanol in the presence of the catalysts used 
in the production of synthol. In nearly all cases a small quantity of oil of ter- 
pene-like odor was obtained and the possibility of the formation of higher-boiling 
compounds was proved. With sodium methoxide, methyl ether was formed and 
the residual gas was composed almost exclusively of hydrogen. In all other cases 
considerable quantities of methane were produced. With an alkali iron catalyst 
oily products were obtained proving possible the production of oils direct from 
methane. 

6439. Patart * passes mixtures of water-gas and gaseous hydrocarbons over hydrogena- 
tion catalysts, e.g., nickel, silver, copper, iron, at high pressures and at 300° to 600° C. for 
the production of alcohols, aldehydes and acids. The pressure was between 150 and 200 
atmospheres. 

6440. A similar or identical process producing chiefly higher alcohols, ethers and ketones, *• 
is also described by Patart. The process is cyclic and carbon dioxide is eliminated, the 
synthetic products being condensed. The apparatus and method of working are described 
in detail. The catalysts used are silver, copper, tine, manganese, molybdenum, uranium, 
vanadium and a combination of alkali or alkaline earth oxides of acid character, e.g., chro- 
mates, manganates, molybdates, tungstates, ura nates and vanadates of sodium, potassium, 
rubidium and barium. 40 

6441. Patart 41 describes other catalysts for producing synthol. Catalysts for the reduc- 
tion of carbon monoxide or carbon dioxide by hydrogen under pressure at higher temperatures 

* J.S.C.I . , 1914, S3, 984B; Badische French Pat. 468,427, Feb. 13, 1914. 

w Abhandl. Kennt. Kohle, 1925. 7, 78; Chem. Abet., 1927, SI, 2870. 

* French Pat. 540,543, Aug. 19, 1921. 

* Brit. Pat. 250,563, 1925. 

“Chem. Abet., 81, 1927, 1128; Can. Pats. 273,983 and 273,984, Sept. 20, 1927; Chem. 
Abst. t 1927, SI, 3908. 
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consist of an intimate mixture of alkali or alkaline-earth oxides with other metallic oxides. 
The former are obtained from the chromates, manganates, molybdates, tungstates, uranates, 
or vanadates of potassium, sodium, rubidium, barium, etc.; the number of atoms of alkali 
metal in the catalyst should amount to at least one-half, or of alkaline-earth metals one- 
quarter, of the total number of metallic atoms present. E.g., sine oxide is mixed with potas- 
sium chromate, or manganese dioxide with neutral barium tungstate, the mixture made 
into a paste with 10 per cent of a 10-20 per cent dextrin or tragacanth solution, granulated, 
and dried at a temperature not higher than 320°; it is freed from dust before use. A suit- 
able gas mixture contains about 50 volumes of hydrogen to 40 volumes of carbon monoxide. 
During the reduction, which is carried out at 330°— 100°, the carbon dioxide and methane 
formed are removed by refrigeration under high pressure. The liquid reaction product 
separates into two layers, an upper layer (about 30 per cent) of sp. gr. 0.885-0.890 and a lower 
aqueous layer of sp. gr. 0.925-0.940. The alcohols in the lower layer are salted out at — 20°, 
added to the upper layer, and the whole dried and distilled. The main fraction (about 
60 per cent) consists of propyl, butyl, and amyl alcohols; hexyl, heptyl, and higher alcohols 
are also formed. Tho salt solution contains mothyl and ethyl alcohols. Tho products may 
be used as a source of the corresponding saturated hydrocarbons, aldehydes, etc., or may 
be used directly as liquid fuels. 41 

5442. Heating of Catalyst. Patart 41 secures uniform heating of the catalyst mass by 
rendering it conductive and passing an electric current. Thus, for the synthesis of alcohols, 
acids, etc., from carbon monoxide and hydrogen, the ainc oxide-chromium oxide catalyst 
is mixed with copper, silver, aluminum, coal, coke or graphite. Such a method would, 
naturally, be unavailable to control the catalyst temperature in exothermic reactions. 

6443. Synthol was obtained by Fischer and Tropsch by treating carbon mon- 
oxide with hydrogen (purified water-gas) under high pressure (100-150 atmos- 
pheres) at 400°-450° C. in presence of an iron-potash catalyst. 44 The product 
separates into two layers, aqueous and oily. Acids (formic, acetic, propionic, 
iso-butyric and up to CaHieO*) were found, also aldehydes (normal propyl, iso- 
butyl and normal butyl but not formaldehyde), alcohols and ketones (acetone, 
methanol, ethanol, normal propanol, methylethyl ketone, diethyl ketone, methyl 
normal propyl ketone), esters, and a small percentage of hydrocarbons. The 
result of the examination of such a product is shown in the table on page 683. 44 

6444. Higher-boiling Constituents of Synthol. According to Tropsch 46 
some of the higher-boiling constituents of synthol contain hydroxyl groups as 
is shown by the fact that they can be acetylated. Some solid paraffin and asphalt 
are also found. 

5445. A mixture of hydrogen and oxides of carbon is passed over an iron catalyst con- 
taining alkalies and alkaline earths, at a temperature below 300° C. The products include 
solid oxygen-containing resins, paraffin wax, liquid containing paraffins, alcohols, and organic 
acids. Thus, a mixture of hydrogen and carbon monoxide is passed at 200° C. over a catalyst 
made by precipitating ferric nitrate with ammonia, washing and drying the precipitate, 
impregnating it with potassium hydroxide; and reducing with hydrogen. Copper may 
also be present to activate the catalyst. 47 

41 French Pat. specification 598,447, 1925. 

41 Brit. Chem. Abst ., May 13, 1927, 347B; cf. Brit. Pat. 252,361, 1926. 

44 French Pat. 618,439, July 2, 1926. 

44 Brcnmtoff-Chem . , 1923, 4, 276; Ber., 1923, 56, 2428; Fischer (tr. Lessing), The Con- 
version of Coal into Oil, 213 et eeq. 

46 The greater part of the work of Fischer and Tropsch on synthol appeared for tho first 
time on the publication of Die Umwandlung dcr Kohle in die, but some parts were pub- 
lished separately in 1923. 

44 Abhandl. Kennt. Kohle., 1925, 7, 75; Chem. Abet., 1927, 21, 2779. 

47 Brit. Pat. 280,522, convention date, Nov. 15, 1926, to the I. G.; Chem. Age (London), 
1928, 18, 57. 
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Composition of Stnthol 45 


Total Amount of Each 
Group 

Identified 

Approximate Quantity of 
Identified Compounds, 
Per Cent of Total Products 



Formic acid 

0.1 



Acetic acid 

2.3 

10 per cent acids 

* 

Propionic acid . . 

2 1 



Isobutyric acid 

1.0 



Higher fatty acids up to Ci . 

4.5 



Methyl alcohol 

1.5 

29 per cent water-soluble alco- 


Ethyl alcohol 

14.5 

hols, aldehydes and ketones. 


Propyl alcohol 




Acetone 

5.2 



Methyl ethyl ketone 


1 1 per cent oil partly miscible 



with water 





Propionic aldehyde 




Isobutyric aldehyde 




Di-ethyl ketone 


48 per cent oil volatile in steam. 


Methyl-n-propyl ketone . . . 




Higher alcohols up to C,. .. 

15.0 



Esters 

2.0 



Hydrocarbons 

1.0 

2 per cent oil not volatile in 



steam 




5446 . Oxygenated organic compounds and acyclic hydrocarbons are obtained when oxides 
of carbon are passed with hydrogen over an iron catalyst containing small additions of alka- 
lies and alkaline earths at a temperature below 300° C. and under ordinary, reduced, or slightly 
elevated pressure conditions. The products comprise solid oxygen-containing resins together 
with paraffin wax, colored oxygen-containing liquids containing paraffins, as well as alcohol 
and organic acids. The catalyst may be activated by the addition of such a substance as 
copper. According to the examples, a mixture of carbon monoxide with excess hydrogen is 
passed at a temperature of 200° C. over catalysts prepared (1) by precipitating ferric nitrate 
with ammonia, impregnating the washed and dried oxide with potassium hydroxide, and 
reducing the dried mixture with hydrogen, or (2) by adding caustic soda solution to an aqueous 
solution of ferric and cupric nitrates, and reducing the precipitate, which still contains a 
trace of caustic soda, with hydrogen. The products consist of a yellowish-green solid, a yel- 
low brown oil and an aqueous solution of organic acids. 4 ® 

5447 . The Badische patents of 1913 stated that the oily layer obtained by the process 
described consisted mainly of hydrocarbons. Fischer, 50 using excess of hydrogen, obtained 
an oily layer almost devoid of hydrocarbons and consisting of higher alcohols and ketones, 
with smaller amounts of aldehydes and acids. He remarks ( loc . cit.) that it might well have 
been expected that, using excess hydrogen, the product would consist, not largely, but almost 
exclusively of hydrocarbons. The astonishment was therefore great, and the manner of 
interpretation of the observed results will be of interest. At 400° C. in the presence of tho 
iron-alkali catalyst, excess carbon monoxide as present in tho Badische process is claimed to 
have the same deoxygenating action on alcohols that it has upon water (the water-gas 
equilibrium) . 

CO + HOH = CO, + H- H 
CO + CfHuOH = CO, + C«H,j-H = CO, + C«Hu 

48 Fischer, loc. cit., 246. 

• I. G. Farbenind. A.-G., Brit. Pat. 280,522, convention date, Nov. 15, 1920; III. Off. 
Jour., Jan. 11, 1928; Univ. Oil Prod. Co., Library Bulletin, Feb. 13, 1928. 

10 Ind. Eng. Chan., 1925, 17 , 574. 
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Thu a, the unexpected result* are easily explained on the basis of the conditions of the experi- 
ments, excess carbon monoxide transforming the alcohols into hydrocarbons. 

§ 448 . The formation of synthol takes place best at pressures of 150 atmospheres, using 
as a catalyst iron filings impregnated with strong bases. The most favorable temperature 
is about 400°-420° C. Moreover, although the use of strong bases leads to the formation of 
oily products, with weak bases only water-soluble products are obtained. The relationship 
between these reactions and the methanol synthesis is shown by the following experiment: 
If a contact tube containing xinc oxide is used, and behind this but separated from it is an 
iron-alkali catalyst, synthol is formed. Without the iron catalyst but with all other condi- 
tions, the same, methanol only is obtained. 

§ 449 . It can therefore be concluded that the methanol formed by the line oxide is further 
changed in the presence of carbon monoxide and hydrogen and under the influence of the 
iron-alkali catalyst, larger molecules being formed by condensation or other reactions. This 
idea is confirmed by experiments reported in an article from Fischer s laboratory, which 
showed that methanol heated at 400° C. with an iron-alkali catalyst in a steel autoclave 
undergoes partial decomposition to gases and also yields oily reaction products. 

5480 . It is not yet clearly evident in just what way the formation of synthol takes place. 
A possible scheme may be set up as follows: 

CO + 2H, = CHtOH 
CHjOH + CO = CHiCOOH 

Side reaction, 2CHjCOOH = CHiCOCHi + HjO + COj 

CHaCOOH + H, = CHiCHO + HaO 
CHaCHO + H, « CtH k 0H 
CiHfcOH + CO - CiH%COOH , etc. 

It is thus seen that carbon monoxide and hydrogen are used up in the same proportions in 
which they are present in the starting gas (1 part carbon oxide to 2 parts hydrogen.) 

§ 461 . Fischer found all of the above italicised products, partly in the aqueous layer, 
partly in the oily layer. The higher homologs, which are formed by the alternating action 
of carbon monoxide and hydrogen, are found only in the oily layer — that is, in the synthol. 
This synthesis apparently yields compounds with as many as 9 carbon atoms, but small 
quantities of solid white waxy substances have also been obtained. It is not remarkable that 
at 400° C. these reactions do not go beyond compounds with 9 carbon atoms, since we 
know from the cracking process that at this temperature the higher aliphatic compounds are 
unstable, breaking down to smaller molecules. In addition to the compounds specifically 
mentioned above, the following have been found in synthol, the principal products being 
alcohols and ketones: 

Propyl alcohol, and higher alcohols up to C» 

Isobutyric acid and higher acids up to Ct 
Isobutyraldehyde, and higher aldehydes 

Acetone, methylothyl ketone, diethyl ketone, methyl-rv-propyl ketone 
About 2 per cent of various esters 
About 1 per cent of hydrocarbons 

§ 459 . As for the practical utilization of synthol, it should be stated that 87 per cent 
distils below 200° C., so that almost all of the crude product, after washing free from acids, 
can be used as light motor fuel, as practical experiments with motor vehicles have proved. 
Some of the physical data of synthol are therefore of interest. 

Properties of the Oil Distilled below 200° C. 

Color, light yellow, not darkening on standing 

Specific gravity 20°/4° C. = 0.8289 

Carbon 69.3 per oent, hydrogen 12.3 per cent 

Higher heating value, 8200 calories per kg. 

Lower heating value, 7540 calories per kg. 
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Thickening point: At —30° C. separation begins, but the oil is still non -viscous. Com- 
plete solidification occurs at —90° C. 


Boiling range: 

Temperature, °C 

62-80 

100 

120 

140 

160 

180 

200 

Per cent 

11 

37 

64 

70 

84 

91 

97 


6463. The utilisation of the heating value of the original gas mixturo (ICO -f 2Hi) is 
not so efficient in the case of synthol as with methanol, as Audibert has recently pointed out. 
The reaction 

CO + 3Hj = CH« + HiO + x cal. 

is exothermic, heat being liberated. The heat content of the 1 mol. of methane on the right- 
hand side of the equation is only 77 per cent of that of the 4 mol. on the left; 23 per cent of 
the available heat on the left-hand side has thus been lost in the formation of methane. The 
formation of methanol is similar, the reaction being likewise exothermic: 

CO + 2H, = CHiOH + y cal. 

Eighteen per cent of the available heat is lost, the right-hand side thus having only 82 per 
cent of the heating value of the left-hand side. In the isopropyl alcohol formation the loss 
in available heat is 23 per cent; with dimethyl ketone it being about the same. Thus, 
although in the formation of methanol the exothermic character of the reaction causes a heat 
loss of 18 per cent, the loss in the formation of synthol must be about 25 per cent. 

6464. Paraffins of High Molecular Weight by Synthol Process. Fischer and Tropsch 
(with Ter-Ncdden) report that after long use in the synthol process ono of tho contact masses 
(iron-copper 4 : 1 plus potassium carbonate) was found to have accumulated a large quantity 
of synthesized hydrocarbons of low volatility and high molecular weight. Separation 
was effected partly by distillation, partly by extraction with solvents. The least soluble 
fraction melted at 104°-117° C. and solidified at 109°. It was shown to consist of paraffins 
of the order of C?o. M 

6455 . Frolich and Lewis have studied the comparative efficiency of various 
catalysts in the formation of higher alcohols from carbon monoxide and hydro- 
gen, the pressure used being 204 atmospheres. Steel or chromium-steel turnings 
impregnated with potassium hydroxide gave unsatisfactory results, the loss 
as gaseous products in most cases varying from 30 to 70 per cent. A low- 
chromium steel with a minimum of added alkali appeared the most effective. 
The highest oil yield obtained was 13.4 per cent, and increase of oil yield was 
associated with increase of gas losses. In combination with a methyl alcohol 
catalyst, gas losses were less, but only traces of oil were obtained, the product 
being a mixture of methyl alcohol and higher alcohols. Metallic oxide catalysts, 
such as a mixture of zinc oxide, chromic oxide, and barium hydroxide on copper, 
which yield methyl alcohol at 300°-350°, produced higher alcohols at 450°-500°. 
The best yield recorded, however, was 13.9 per cent, chiefly propyl alcohol. 
The loss was rather less than with iron-alkali catalysts, and the product was 
largely alcoholic in place of the complex mixture of alcohols, aldehydes, ketones, 
etc., obtained in the other case. 61 

6466. Tho production of higher alcohols and other oxygenated compounds is favored, not 
only by modification of tho catalyst but also by diminishing tho rate of flow of the gases over 


11 Ber., 1927, 60B, 1330; Chan. Abst., 1927, 11, 2870. 

u Ind. EnQ. Chan., 1928, 10, 354; Brit. Chan. Abst. 1918, 397B. 
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the contact ma*. u When the m ixtur e of carbon monoxide or dioxide and hydrogen, etc., 
that produces methyl alcohol if passed quickly over a contact mass b passed over a similar 
mass more «k>wiy oily substances consisting chiefly of higher alcohols are produced. Special 
contact masses for the purpose contain alkali metals. For example, into a copper-lined 
vessel b charged a mass prepared by adding xinc oxide to fused potassium di chromate and 
subsequently reducing with hydrogen at 450°; over this b siowiy passed a mixture of carbon 
monoxide and about 4 times its volume of hydrogen, at 200 atmospheres and 480°. The 
product obtained by condensation consists largely of ofly matter insoluble in water. This 
substance b a mixture of higher alcohols together with small proportions of aldehydes, 
hydrocarbons, and amines < from nitrogen present in the reacting gas mixture) . Other contact 
masses are those containing, e.g., chromium. line, and barium, sodium, or manganese; or 
tungsten, copper, and lead. The temperature at which the reaction proceeds may be from 
350° to 500°, and products are obtained containing up to SO per cent of compounds not 
miscible with water.* 4 

MKA. In the production of alcohols, adds, esters, ketones, fats and hydrocarbons from 
oxides of carbon and hydrogen by the use of catalysts containing elements of the 8th group, 
considerable quantities of carbon and methane are also formed. It b proposed to avoid the 
formation of these bodies by the use of catalysts of copper, silver, gold, etc., with small 
quantities of the iron group. Substantial amounts of iron, cobalt, or nickel may be employed 
with copper, silver or gold, if a pressure above 20 atmospheres is employed, and the proportion 
of hydrogen or methane exceeds that of carbon monoxide. The catalyst may also contain 
elements forming difficultly reducible oxides, such as xinc. magnesium, aluminum, chromium, 
etc., up to 5 per cent- The activity of the catalyst can be considerably increased by the 
presence of 1 per cent of alkali metal. Ferric nitrate 1 part, cupric nitrate 2 parts, and 
potassium carbonate 0.1 part, deposited on pumice and calcined, yield a catalyst suitable for 
a gas mixture containing carbon monoxide 32 per cent, hydrogen 54 per cent, and nitrogen 
4 per cent, at 200 atmospheres and 350° C. Mixed nitrates of iron 12 parts, xinc 2 parts, 
and copper 12 parts, precipitated with potassium carbonate, give a catalyst which at 240° 
and 300 atmospheres converts a mixture of carbon monoxide 20 per cent, methane 8 per cent, 
hydrogen 70 per cent, and nitrogen 2 per cent largely into ethyl alcohol.* 4- 

6466B. Carbon black is obtained by decomposing carbon monoxide at a temperature 
of 100°-450° C. and pressure of 100-200 atmospheres in the presence of iron, nickel, or 
cobalt, containing activating additions consisting of metal oxides such as manganous oxide, 
vanadium oxide, chromic oxide, uranium oxide, xinc oxide, cadmium oxide, copper oxide, or 
alumina, or alkalies. The carbon monoxide may be mixed with other gases to regulate the 
temperature.* 4 * 

6457. According to Patart ** if a gas mixture containing, in addition to hydrogen and 
carbon monoxide, ethylene or its higher gaseous homologs b submitted to catalysts as in 
the manufacture of methanol, liquid hydrocarbons are obtained. Thus, a mixture of 23 per 
cent ethylene, 22 per cent carbon monoxide, 49 per cent hydrogen, 1.2 per cent carbon dioxide, 
0.5 per cent oxygen, and 4 per cent nitrogen was passed over a basic xinc chromate catalyst 
at 300° under 150-250 atmospheres pressure; the cooled reaction product formed two layers, of 
which the upper (about 1) consisted of hydrocarbons of sp. gr. 0.735, and possessed the fluores- 
cence characteristic of some petroleum hydrocarbons. The lower layer was almost pure 
methyl alcohol, sp. gr. 0.805, b.p. 66°-68°. The process can be applied to gases produced by 
the cracking of petroleum or other oils.* 4 

6453. A further development of the same process * 7 is described by Patart. A mixture 
of equal volumes of illuminating gas and water-gas is passed over a catalyst, consisting, 
e.g., of xinc oxide and chromium oxide, at 300° and under 150-250 atmospheres pressure. 


M Brit. Pats. 227,147, Aug. 28, 1923, 229,714, Aug. 28, 1923, 238,319. May 24. 1924. all 
Badische Co. patents. 

44 J.S.C.I., 1915, 189B. 

I. G. Farbenind. A.-G., Brit. Pat. 317,808, May 18, 1928; Chem. Age (London), 1919, 
293; Bril. Chem. Abst., 1919, 887B; Chem. Abet., 1930, 2137. C/. French Pat. 650,678, 
May 29, 1928; Chem. Abst., 1930, 130. 

444 1. G. Farbenind. A.-G., Brit. Pat. 321,402, Aug. 3, 1928; Chem. Age (London), 
1930, 31. 

** French Pat. 593,648, 1925. 

*• Brit. Chem. Abst., 1917, 347B 
* 7 French Pat. 594,121, 1925, to Patart. 
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On cooling, under the same pressure, a liquid product is formed which separates into two layers, 
the upper containing hydrocarbons and the lower methyl alcohol. The gaseous product is 
returned to the initial reaction mixture. In the last hour of the reaction the amount of 
methyl alcohol produced is scarcely diminished, the pressure having fallen meanwhile to 
only 34 atmospheres. It is better, therefore, to work at very high pressures (800-1000 atmos- 
pheres). Methane produced in the reaction is separated by refrigeration under pressure and 
submitted to the process of French Pat. 593,650. The residual gas mixture consists of 
hydrogen, nitrogen, and carbon monoxide. It is therefore possible to carry out the process 
without water-gas, using coal or coke-oven gas only. The liquid product may be used 
directly for heating or carburetting purposes, or the hydrocarbons may be separated after 
addition of water, and pure methyl alcohol obtained from the aqueous solution by distillation. 64 

6459. Increasing Yield of Higher Alcohols. The product from the process described 
in paragraph 5458 is passed over the same or another catalyst, the gases and reaction chambers 
being heated to avoid condensation or undue temperature fluctuations. The higher alcohols 
are thereby produced in greater quantity than methanol. 69 The pressures used may vary 
from 100 to 500 atmospheres. The catalysts mentioned are mixtures of zinc and potassium 
oxide, copper oxide or metallic copper. 

6460. Patart 10 proposes a similar process in which the added gases are ethylene, acetylene, 
benzene or toluene. The products are fluorescent liquid hydrocarbons, suitable as fuel for 
internal combustion engines, and methanol. The unsaturated hydrocarbons are mixed in 
the proportions of 10 to 40 per cent. Pressure should be as high and temperature as low as 
possible. As an example, a mixture of ethylene, carbon monoxide, and hydrogen in the 
proportions 1:1:2 circulates continuously over a catalyzer previously prepared in the 
reaction chamber by reducing basic zinc chromate with hydrogen or with the gaseous mixture 
and maintained at 300° C. (572° F.). The products separate in two layers, the methyl alcohol 
below, the fluorescent hydrocarbons above. The fresh gas mixture is introduced continu- 
ously, and any uncondensable gases formed, as methane and ethane, are continuously with- 
drawn. 

5460A. The original idea underlying the work that led to these methods of Patart was 
that the addition of ethylene might lead to the formation of acetone. 61 

6461. Gaseous Hydrocarbons from Water-gas: High Pressure. 62 This process, possibly, 
is intended for the enriching of coal-gas, using a product which has a "gas" smell, instead 
of the odorless water-gas. Another possibility is the production of olefines for alcohol syn- 
theses. The conditions are: elevated temperatures and pressures, slow gas circulation. 
The catalysts mentioned are iron or cobalt, with either a noble metal or a difficultly reducible 
oxide, preferably one of Group VI. 

6462. Butanol and Higher Alcohols. A good yield of butanol and higher alcohols is 
obtained if the carbon dioxide content of the reactant gases is kept below 3 per cent. The 
carbon monoxide may be replaced in part and the hydrogen wholly by ethanol and the like: 
hydrogen may be replaced by hydrocarbons. 66 The removal of the dioxide is effected con- 
tinuously or periodically by solution in water or by fixation in water-containing ammonia. 

5462A. A mixture of carbon dioxide, methanol and oxygen is hydrogenated under pressure 
by the aid of a contact mass of chromium, molybdenum or tungsten. The product is dis- 
solved in alkali to remove a part of the unchanged methanol. The rest of the methanol is 
removed by adding formic acid and distilling off the methyl formate. The fraction of the 
distillate between 80° and 125° is 75 per cent isobutyl alcohol. 66 * 

6463. Synthol: Deodorization and Stabilization by Further Catalytic Hydrogenation. 
The oxygenated compounds (synthol) obtained by the catalytic hydrogenation of carbon 
oxides are further treated in the vapor phase at 150°-180° C. with hydrogen and a catalyst 
such as nickel, cobalt, copper or platinum: aluminum hydroxide, aluminum phosphate, or 
oxide of thorium or of tungsten may also be present. The crude synthol may be subjected 

“ Brit. Chem. Abst., 1927, 346B; cj. Brit. Pat. 247,932. 1925. 

*• Brit. Chem. Abst., May 13, 1927, 347B. See also Brit. Pat. 247,177, 1925, to Patart. 

60 Brit. Pat. 247.178, 1925. 

61 Nash, J.S.C.I. , 1926, 46, 876. 

62 Brit. Pat. 293,573, July 13, 1927. 

61 Brit. Pat. 275,284, Mar. 4, 1926, to Johnson, an I. G. communication; Chem. Ags 
(London), 1927, 17, 241. 

I. G. Farbenind. A.-G. (Luther and Wietxel, inventors), Ger. Pat. 479,829, Dec. 25, 
1923; Chem. Abst., 1929, 4951. 
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to an intermediate purification by treatment first with granular silica, then with sodium 
hydroxide. The final product is a colorless oil consisting of higher alcohols.* 4 

5464. Another method 45 is put forward for purification of synthol. The substances are 
treated in the hot liquid or gaseouB condition, conveniently by distillation, with oxalic acid. 
Crystalline or anhydrous oxalic acid (2 per cent or less) is added to the liquid before distilla- 
tion, or the vapor of the liquid is led over a layer of oxalic acid or of material impregnated 
with oxalic acid. Together with oxalic acid, porous absorption carbon may be used, or the 
absorption carbon may be impregnated with oxalic acid and added to the methyl alcohol 
or the vapor of the latter led over the mixture. The foreign odor of the synthetic methyl 
alcohol is thus removed. Similarly, the odor of the higher alcohols and esters is improved. 
Acid oxalates may also be used in place of oxalic acid. 

6464A. Methyl or tsobutyl alcohol obtained catalytically from hydrogen and carbon oxides 
are purified by use of oxidizing agents such as potassium permanganate, hydrogen peroxide, 
persulfates, percarbonates or hypohalites, followed by distillation.*** 

6464B. Separation of alcohols such as wobutyl alcohol from the crude product is effected 
by distilling to remove most of the methanol and treating the residue with a salting-out 
solution.** 4 

6466. Hydrocarbons Direct from SynthoL If synthol is heated alone in an 
autoclave to 400° C. (at which temperature under atmospheric pressure it cracks) 
it is transformed in one hour into a petroleum-like liquid, with the simultaneous 
formation of water and gases. Half of the residual oil is soluble in concentrated 
sulphuric acid. The saturated hydrocarbons give a carbon : hydrogen ratio 
of 1 : 2, the fraction boiling over 150° C. has a ratio of 1 : 1.8 to 1 : 1.6. This 
indicates the presence of naphthenes, which is of interest since naphthenes might 
thus be formed from water-gas of volcanic origin.** 

6466A. It has been shown that treatment of lactic acid with water and 
calcium hydroxide at 360° under a pressure of 130 atmospheres yields an oil 
that differs from the synthol of Fischer mainly in its smaller alcohol content. 
Treatment of the oil with sulphuric acid affords hydrocarbons identical with the 
corresponding synthin fractions.*** 

5466. Decomposition of Synthol at Atmospheric Pressure .* 7 "Synthol” (5.8 g.) on 
heating to 400°-480° at atmospheric pressure yielded 3.9 g. of carbon, 0.3 g. of carbon dioxide, 
0.7 g. of carbon monoxide, 0.5 g. of hydrogen, 0.2 g. of methane, and 0.1 g. of hydrocarbons, 
these products being different from those obtained by heating it under pressure in autoclaves. 

5467. Synthol Production at Atmospheric Pressure. Production of oxygen- 
containing organic compounds from carbon monoxide and hydrogen at atmoe- 

44 Brit. Pat. 278,777, June 10, 1926, to the I. G.; U. S. Pat. 1,684,640, Sept. 18, 1928, to 
Schmidt, Seydel and Feller, assigned to the I. G. See also Ger. Pat. 492,245, June 19, 1925, 
to I. G. (Schmidt and Seydel, inventors); Chcm. Ab*t., 1930, 2468. Similarly oxygenated 
organic compounds are improved in color and smell by treatment in the liquid state with 
hydrogen at a temperature sufficiently low to avoid decomposition and in the presence of a 
hydrogenating catalyst. The products to be treated may be preliminarily distilled and treated 
with an adsorbent. I. G. Farbenind. A.-G., Pungs, inventor, Ger. Pat. 489,280, Jan. 29, 
1924; Chem. Abet ., 1930, 2137. 

66 Ger. Pat. 430,623, Jan. 15, 1924, assigned to the I. G., by MQllex^-Cunradi; Brit. Chem. 
Abet., 1926, 901B. 

**•1. G. Farbenind. A.-G., Brit. Pat. 311,468; Feb. 16, 1928; Chem. Abet., 1930, 861. 

666 Davis and Imperial Chem. Industries, Ltd., Brit. Pat. 310,623, March 21, 1928; 
Chem. Abet., 1930, 626. 

18 Fischer, Ind. Eng. Chem., 1925, 17, 574. 

**• Petrov, Ber., 1930, 63B, 75-84; Brit. Chem. Abst., 1930, 322A. 

87 Tropsch. Abhandl. Kennt. Kohle, 1925, 7, 49; Chem. Zentr., 1926, I, 3583; BriL Chem . 
Abet., 1926, 652B. 
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pheric pressure is described by Dreyfus. The products are methanol, formalde- 
hyde, ketene, acetic acid, acetone, etc. The gases are heated in presence of cata- 
lysts which do not catalyze the formation of methane . 61 The gases may (must?) 
be free from organic sulphur compounds and from volatile iron compounds. The 
catalysts to be used are the same as those already employed for the same syn- 
theses under high pressure. 

6467A. Catalytic hydrogenation of oxides of carbon is effected at ordinary or slightly 
raised pressure and at temperatures ranging from about 100 to 250° by use of catalysts com- 
prising copper and one or more oxides of a metal of groups 2 to 7, obtained by precipitating 
aqueous solutions of the metal salts with alkalies at moderate temperatures (usually below 
30°) and reducing the washed precipitate with hydrogen, carbon monoxide or their mixtures 
with inert gas. 68- 

6467B. The vapors of lower alcohols are passed at atmospheric pressure and temperature 
below 350° C. over a catalyst consisting of a mixture of a hydrogenating or dehydrogenating 
component with a dehydrating component, to obtain higher alcohols and the corresponding 
aldehydes and ketones. 686 The catalysts may be silver, copper, cobalt, iron or nickel, mixed 
with oxide of aluminum, thorium, iron, chromium, tungsten, titanium or beryllium. Butyl 
alcohol may be produced from ethyl alcohol, 2-methyl-pentanol-l from propyl alcohol, 
methyl-wobutyl-carbinol from isopropyl alcohol, and methyl-propyl carbinol with methyl- 
isobutyl-carbinol from a mixture of ethyl alcohol and isopropyl alcohol. 

6468. Synthol is prepared without external hydrogen M by passing a vaporised aliphatic 
alcohol mixed with carbon monoxide at elevated temperatures and pressures ovor a catalyst 
containing hydrogenating constituents such as copper, silver, gold, tin. load, or the like, and 
hydrating constituents such as an oxide of titanium, zirconium, thorium, vanadium, man- 
ganese, etc. Products containing mixtures of higher alcohols, aldehydes, and esters are 
obtained. It is of advantage to add an alkali or alkaline-earth metal compound to the 
catalyst, and if ammonia be added to the carbon monoxide, compounds containing nitrogen 
are also produced. The molecular weights and boiling-points of the products vary with 
the time of contact, with the catalyst, and with the temperature. For example, a mixture 
of methyl alcohol and carbon monoxide is passed at 420° and 200 atmospheres over a catalyst 
containing an alkali, chromium, and molybdenum, when a mixture of higher alcohols, alde- 
hydes, and esters derived from valeric and butyric acids and the like is obtained. Ethyl 
alcohol passed with carbon monoxide free from iron carbonyl at 400° and 200 atmospheres 
over a catalyst consisting of zinc oxide, chromium and manganese oxides contained in a tube 
lined with copper yields products which boil for the most part between 100° and 250°. 70 

6469. Preparation of Alcohols, etc. 71 Water is treated between 15° C. and 550° C. with 
carbon monoxide to obtain alcohols, aldehydes, ketones, acids, ethers, esters, etc. A catalyst 
is used containing one of the series: potassium, sodium, magnesium, vanadium, chromium, 
molybdenum, manganese, iron, copper, zinc, cadmium, mercury, lead, arsenic, or antimony; 
with one of the series: beryllium, magnesium, aluminum, silicon, calcium, etc. Examples 
are given of the production of alcohols using manganese carbonate, magnesia and alumina; 
of formic acid using thoria and potassium carbonate; of ethers using copper, thorium and 
bismuth compounds; of alcohols using manganese oxide, magnesia and alumina. 7 * 

6470. Carbon Monoxide Reduction — Brutzkus Process. 71 Water-gas, alone or mixed 
with hydrogen, is compressed in an apparatus resembling a Diesel engine, which may [tic] 
contain a catalyst, and during the compression stroke the gas is cooled and the concentration 

81 Brit. Pat. 263,603, July 1, 1925; Chan. Age (London), Feb. 6, 1927, 142; Brit. Chan. 
Abat., 1917, 237B. 

“•I.G. Farbonind. A.-G., Brit. Pat. 308,181, Sept. 19. 1927; Chan. Abat., 1930, 130. 

681 Neumann, Brit. Pat. 326,812, Sept. 18, 1928; Chan. Age ( London ), 1930, 493; Brit. 
Chan. Abat., 1930, 548B. 

88 U. S. Pat. 1,662,480, Nov. 24, 1925, to G. and R. Wietzel, assignors to the Badische Co. 

70 Brit. Chan. Abat., 1916, 512B. 

71 Brit. Pat. application 296,049, convention date, Aug. 24, 1927, by Soc. chim. de la 
Grande Paroisse, Azote et Produits chimiques. 

7 * Chan. Age (London), 1928, 19, 419. See also French Pat. 651,167. 

78 The Brutzkus process is described in British Pat. 252,786 of Mar. 5, 1925. 
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of the gas increased by pumping in more of it. The products are cooled and liquefied and 
the residual gases returned to the compressor. 74 Presumably, the nature of the product 
depends on the catalyst. 

5471. Recovery of Oily By-products. In the methanol and similar syntheses oily by- 
products are obtained. These may be recovered by passing the gases upwards through 
a digester packed with pine wood, while liquid from the same process is passed downward 
through the material. 71 

5472. German Pat. 441,272, Sept. 26, 1924, to Wietsel and K6hler, assigned to the I. G.. 
covers the obtaining of higher aliphatic acids (CiHioOj to C*Hi«Oi) from the oily products 
of the catalytic reduction of carbon oxides. 

5472A. Crude methyl alcohol from the hydrogenation of carbon oxides is shaken with 
brine and a solvent (benzene) which is immiscible with the solution of the alcohol in brine. 74 * 
On removal of the solvent and distillation of the brine, methyl alcohol is obtained free from 
unsaturated compounds and unpleasant odor. 

0473. Utilization of Heat Evolved. 71 The utilization of the heat from exothermic carbon 
monoxide hydrogenations is effected by arranging the catalyst tubes in a high-pressure boiler, 
by equipping the reaction chamber with steam generating tubes or by placing both the steam 
tubes and the catalyst tubes in a bath of molten metal. In addition to the heat economy 
secured, secondary reactions are in this way prevented. 77 

5473A. In the production of methyl alcohol from hydrogen and carbon monoxide, the 
heat of the reaction mixture coming from the catalyst chamber is used for the distillation 
and rectification of the crude liquid product obtained by the process. 77 * 

5473B. The catalyst chamber for the pretreatment of gases for the reduction of carbon 
monoxide surrounds the main reaction chamber so that the purifying process is facilitated by 
the heat generated in the main reaction. 774 

5474. Use of Products of Carbon Oxides Hydrogenation. The use of these oily prod- 
ucts or, better, the products of their acylation, hydrogenation or condensation, as solvents 
of cellulose compounds is claimed in British Pat. 282,172, June 10, 1926, to the I. G. 7# 

5475. Detergents for Textiles. 79 Sodium isopropylnaphthalene-0-eulphonate (3 parts) 
in water (7 parts) is mixed with a “synthol” fraction (3 parts) of b.p. 145°-165° (isobutyl 
and higher alcohols); or an aqueous solution of a syntan (e.g., formaldehyde-cresolsulphonic 
acid) is mixed with cyclohexanol. The claims cover mixtures of aromatic (excluding hydro- 
aromatic) sulphonic acids, having more than 10 carbon atoms in the molecule, with higher 
aliphatic alcohols, including alicyclic alcohols when the sulphonic acid has tanning properties . 1 H 

5476. The oily products obtained by hydrogenation of oxides of carbon and consisting 
chiefly of higher aliphatic alcohols are used as one constituent of a cleansing or emulsifying 
agent. The other components are soap and a lower aliphatic alcohol with or without a hydro- 
carbon . M 

6477 . Brit. Pat. 282,617, June 10, 1926, to Johnson (from the I. G.), deals 
with use as rubber solvents of the oily products of the synthol and related proc- 
esses. 


74 Brit. Chem. Abet., 1926, 954B. 

74 Brit. Pat. 249,519, 1925, to Patart; Chem. Abet., 1927, 21, 973. 

74 * Ward and Imperial Chem. Industries, Ltd., Brit. Pat. 309,708, March 21, 1928; Brit. 
Chem. Abet., 1929, 845B. 

74 Brit. Pat. 279,347, May 30, 1927, to Johnson, an I. G. communication. 

77 Chem. Aoe (London), 1927, 17, 495. 

n * '* S.I.R.I.” (Soc. Italiana Richerche Industriali), French Pat. 660,108, Sept. 8, 1928; 
Chem. Abet., 1930, 127. 

774 L’Air Liquide Soc. Anon, pour L’Etude et L’Exploit. des Proc. G. Claude, Aasnees. of 
Soc. Chim. de la Grande Paroisse, Azote A Prod. Chim., Brit. Pat. 307,039, June 6, 1928; 
Brit. Chem. Abet., 1929, 978B. 

79 Brit. Chem. Abet., 1928, 155B. 

79 Brit. Pat. 244,104, Dec. 3, 1925 (convention date, Deo. 5, 1824), to Badische Co. 

90 Brit. Chem. Abet., 1927, 295B. 

91 Brit. Pat. 260,243 and additional Brit. Pat. 283,786, Oct. 13, 1926; Brit. Chem . Abet., 
Mar. 30, 1928. 
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5478. The oily liquids obtained by tho reduction of carbon oxides 82 can be condensed 
with formation of products utilizable as motor fuels, artificial resins and solvents. Certain 
fractions (Brit. Pat. 238,319) condensed with hydrochloric acid yield turpentine-like liquids 
and with zinc chloride a solvent for nitrocellulose and also a resin. 

5479. Road Test of Synthol. Road tests have been made with a 4-h.p. motorcycle 
whose carburetor was adjusted for benzol. Benzol gave 2.9 km. per 100 cc., synthol 3 km., 
benzol-synthol mixture 1 : 1,3.2 km., benzol-alcohol-synthol 1:1:1, 2.9 km. With synthol 
alone there was knocking, but this was eliminated by the addition of benzol. 81 


« Brit. Pats. 227,147, 229,714, 237,030. 

M Davin, Mat. ffrasacs, 1925, 17, 7267; Chem. Abat., 1925, 19, 3155. 



CHAPTER LV 


REDUCTION OF CARBON OXIDES 

IV. Synthin 

6600 . As we have seen, Sabatier and Senderens 1 showed that the catalytic 
reduction of carbon monoxide at atmospheric pressure over a nickel catalyst 
resulted in the formation of methane. Until 1926 the only methods known for 
the production of higher homologs of methane and of methanol by reduction of 
carbon monoxide called for high pressures. 

6601 . In 1926 Fischer and Tropsch 2 announced that, by using as catalysts 
metals of the eighth group, they had succeeded in hydrogenating carbon monoxide 
with the production not only of methane but also of its homologs. The catalyst 
first used by Fischer and Tropsch was an iron-zinc oxide mixture: this gave the 
gaseous homologs. Other catalysts, for instance, a mixture of cobalt and chro- 
mium oxide, caused the formation of liquid and solid hydrocarbons. The most 
active single catalyst they tried was finely divided metallic cobalt, next iron, 
then nickel. 

6602 . However, much better results were secured by the use of mixed catalysts 
— a metal of the eighth group with an oxide. The oxides tested were those of 
chromium, zinc, beryllium, rare earths, uranium, silicon, aluminum, magnesium, 
and manganese. Activated carbon and other forms of amorphous carbon were also 
tried. Combinations with palladium, copper and iron oxide (the latter with 
nickel and copper) appear to have advantages. A small amount of alkali 
enhances the catalytic activity. The best proportions of metal to oxide were 
found to lie between 1 : 1 and 1 : 3. No novel or essential method of preparing 
the catalysts is reported. 

6603 . The gases used in the earliest experiments were pure hydrogen and pure 
carbon monoxide, mixed in predetermined proportions. Later, water-gas was 
employed, rendered utilizable by a special method of purification to remove sul- 
phur. The proportions were, generally, equal volumes of carbon monoxide and 

1 Compt. rend., 1902, 134, 514. Sabatier, Catalysis (tr. Reid), para. 493, el seq. 

1 Brennstoff-Chem., 1926, 7, 97 (a translation by Cutter appeared in Nat. Petroleum 
News , Oct. 13, 1926 and Oct. 20, 1926); Ber., 1926, 59B, 830-836; ibid., 1926, 923. A liquid 
similar to benzine is claimed by Falk-Hultgren and Vidstrand to be prepared by heating a 
mixture of carbon monoxide and dioxide with hydrogen to at least 200° C. (Danish Pat. 
18,827, July 11, 1913, Chcm. Ztg. Rep., 1915, 142.) The products of dry distillation of peat, 
coal, etc., heated with hydrogen, afford a mixture of hydrocarbons ranging in composition 
betwoen the methane and acetylene series. (Norwegian Pat. 24,576, Jan. 18, 1913.) 
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of hydrogen. Mixtures in other proportions were also made and tried: all, when 
the gas was free from sulphur, gave more or less gasoline. 

5504. The temperature range was between 160° C. and 300° C. Nickel must 
be used, if at all, at the lowest temperatures, because it is an active catalyst for 
the formation of methane. At 160° C. nickel, with a supporter (apparently the 
reference is to one of the oxides enumerated) is still capable of catalyzing the 
synthin reaction. Iron can stand operation at 300° C. With a cobalt catalyst, 
270° C. is a satisfactory working temperature. If with any of these catalysts the 
synthesis is attempted at higher temperatures than those indicated for each case, 
methane is the product. Indeed, if pentane be passed over the catalyst at a tem- 
perature higher than the synthin range, the pentane is replaced in the issuant 
gas by methane. 

5505. Increased rapidity of gas flow causes an absolute reduction in methane 
formation: it also, naturally, reduces the yield of liquid hydrocarbons per passage. 
The most effective compromise will depend, one may suppose, on the possibility 
of utilizing the methane. 

6506. Composition of Fischer’s Synthin. Synthin so prepared is composed 
chiefly of saturated hydrocarbons, mostly gasoline fractions, with some solid and 
some semi-solid hydrocarbons. The percentage reacting with sulphuric acid 
(olefines) is small. “ By our process, in addition to the hydrocarbons, only 
water and carbonic acid are formed. We have examined the water; it contains 
no acid, nor have we found any other oxygenated compound.” 3 

6607. This statement affirming the absence of oxygenated products from 
synthin could not be more categoric. Nevertheless, when Elvins and Nash 4 
reported that oxygenated products (giving the iodoform reaction) were present 
in synthin, Fischer and Tropsch replied with a somewhat ambiguous criticism. 
They first criticized the technique of Elvins and Nash, yet afterwards affirmed 
that they had long known that synthin contained oxygenated compounds. 6 

5508. Elvins and Nash used catalysts composed of reduced oxides of manga- 
nese, cobalt and copper, impregnated with one-half of one per cent of lithium car- 
bonate. 

6509. The interest of the question of the formation of oxygenated products 
is largely theoretical. Fischer and Tropsch fathered a theory of intermediate 
unstable carbide formation. Such a carbide would have at least 1 carbon atom 
for each atom of bivalent metal. The carbon is transformed by the hydrogen 
into methylene (CH*) which is immediately polymerized and hydrogenated with 
production of saturated hydrocarbons. This requires a catalyst metal capable 
of forming high-carbon carbides and possessed of only moderate hydrogenation 
activity. If the hydrogenation outstrips the polymerization (CH* + Hi = CH 4 ) 
methane is formed. Cobalt has just the properties required: hence its high value 

1 Trans, by Cutter, loc. cit. 

4 Nature, 1926, 118 , 154; Chem. Abet., 1926, 30 , 3684. 

6 Fischer and Tropsch. Reduction and hydrogenation of carbon monoxide. Brennstoff - 
Chem., 1926, 7 , 299. Comment on Elvins and Nash (loc. cit.). Nash replied to their criticisms 
in: “Recent developments in the formation of synthetic fuel from carbon monoxide and 
hydrogen.” 1926, 45 , 878. 
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as a synthin catalyst. Now the presence of oxygenated compounds is a stum- 
bling block in the acceptance of this view, 8 or was so considered. Hence, prob- 
ably, the reluctance of Fischer and Tropsch to admit the formation of these bodies, 
though that scarcely explains their categoric affirmation of such non-formation. 
As we have said, they have more recently 7 admitted the formation of oxygenated 
compounds. This they attribute to the formation of transient oxy-carbides, 
which are decomposed by water vapor or hydrogen to form methanol or similar 
substances. 8 

5510 . Elvina and Nash, commenting on the carbide theory, say that the theory of the inter- 
mediate formation of carbides advanced by Fischer does not suffice to explain the formation 
of oxygenated compounds. It is possible that the hydrocarbons he obtains are formed by the 
dehydration of alcohols followed, perhaps, by hydrogenation, but again this does not explain 
the absence of acids and ketones from the products obtained by him at atmospheric pressure. 
If the view is accepted that catalysis is an acceleration of reactions already taking place, then 
the formation of organic substances, other than methane and carbon dioxide, must depend on 
the preferential acceleration of the definite reactions which give rise to them. In the case con- 
sidered here the question is complicated by the probability that not only does hydrogenation 
take place, but also oxidation, dehydration, and possibly polymerization. 

5611 . The reaction stages, if any, which lead to methane from carbon monoxide and 
hydrogen are possibly 

CO + 3H, CHjO + 2HjO -♦ CH*OH + H, 

CH 4 + HjO 

and CO + HjO — » COj + Hi. 

Up to the present, however, the production of formaldehyde and methyl alcohol has not 
apparently been established at ordinary pressure without the intervention of extraneous 
sources of energy such as ultra violet light, X-rays, etc. 

5615 . The formation of oxygenated compounds and hydrocarbons may also be regarded 
as being preceded by the hypothetical formation of methyl alcohol, which is converted, accord- 
ing to the catalyst and the experimental conditions, into methane or into other substances. 
Thus the reaction may proceed in consecutive stages or the catalyst may accelerate one or 
more of the thermodynamically possible reactions from carbon monoxide and hydrogen. No 
doubt, where a mixed product of aldehydes, ketones, acids and hydrocarbons is obtained, both 
of these courses may be followed.® 

6513. With regard to Fischer’s intermediate oxy-carbide theory of the for- 
mation of oxygen compounds Nash remarks that it is the only one yet offered, 
but it lacks any experimental support. 

5614. Composition of Experimental Synthin. 10 

(1) Benzine. The benzine was separated from the reaction gases from an 
experimental installation by absorption in activated charcoal and driving it out 
by steam. The raw product thus obtained was water-white and permanent to 
light, had a pleasant odor, and after keeping a month showed no yellowing or for- 
mation of gum. Specific gravity at 15° C. was 0.6718; calorific value 11,360 

• Elvina and Nash, loc. tit. (see next para.). 

7 Para. 6507. 

8 Since it is now established that “difficultly reducible ” oxides are, in some cases at least, 
reduced in the conditions of methanol synthesis, it is conceivable that this reduction may be 
a factor for the formation of oxygenated compounds, in the small quantities found, in the 
synthin reaction. 

• Elvins and Nash, Nature , July 3, 1926. 

10 From Cutter's translation, published in Nat. Petrol. News, Oct. 20, 1926. 
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calories per gram; point of spontaneous ignition in oxygen 335° C. The frac- 
tionation was carried out in an Engler flask. Amount used: 100 cc. First drop 
20° C.; 40°-2.4; 50°-18.2; 60°-36.8; 70°-51.0; 80°-61.5; 90°-69.3; 100°- 
75.3; 110°-80.3; 120°-84.5; 130°-87.6; 140°-90.3; '150°-92.3; 160°-94.0; 
170°-95.2; 180°-96.4; residue 1.6 per cent; loss 2 per cent. The following table 
shows the boiling-points. 


Fraction 

Number 

Boiling- 

point 

Limits 

Weight, 
Per Cent 

Specific 

Gravity 

20-4° 

c, 

Per Cent 

H, 

Per Cent 

C+H 

C : H 

I 

20- 55° 

26.6 

0.6367 

81.23 

15.60 

99.83 

1 : 2.21 

II 

55- 75° 

27.9 

0.6488 

84.48 

15.46 

99.94 

1 : 2. 18 

III 

75-120° 

28.1 

0 . 6838 

85.04 

14.98 

100.02 

1 : 2.10 

IV 

120-180° 

12.0 

0.7264 

83.35 

14.96 

98.31 

1 : 2.14 


Fraction III had a calorific value of 11,495 cal.-gm. 


Density and ultimate analysis are shown in the following table: 


Fraction 

Number 

Boiling- 

point 

Limits 

Weight, 
Per Cent . 

Specific 

Gravity 

20-4° 

c. 

Per Cent 

H, 

Per Cent 

C+H 

C :H 

I 

170-270° 

58.4 

0.7646 

85.04 

14.94 

99.98 

1 : 2.09 

II 

270-330° 

24.1 

0.7972 

85.36 

14.41 

99.77 

1 : 2.01 


Fraction I had a calorific value of 11,225 cal.-gm. 


(2) Petroleum. In the experimental plant, in addition to gas-oil and ben- 
zine, a liquid-like petroleum with the following properties was obtained. Density 
at 20/4° 0.7804; fractionation: 25 cc. used; first drop 170°; 180°-4.4; 190°-8.0; 
200M4.4; 210°-20.4; 220°-31.2; 230°-36.0; 240°-42.4; 250°-49.2; 260°-54.8; 
270°-59.6; 280°-65.2 per cent; 290°-67.2; 300°-70.4; 310°-74.4; 320°-78.0; 
330°-83.2 per cent. Residue 2.53 g. or 12.8 per cent by volume. 

(3) Paraffin. Using an alkaline iron-copper catalyst, large amounts of paraf- 

fin wax result. The wax was separated from the adherent oil by acetone, it being 

noted that a portion of the oil was insoluble in the acetone. 2 3 * * * * * * * 11 The paraffin puri- 

fied by twice crystallizing from acetone, was colorless, without odor, and had a 

melting point of 61° C. Elementary analysis showed: carbon 84.5 percent, 

hydrogen 14.5 per cent. 

6615. The catalyst is mechanically paralyzed in time by the accumulation 

on it of the highest members of the synthetic hydrocarbon series. These may 
be removed: 1. by extraction, or 2. by blowing with superheated steam, followed 
by reduction. It is conceivable that their deposit might be prevented by working 
at even lower pressures if that were practicable. 

11 The same is true of paraffin oils obtained from natural petroleum. The oily parts of the 
corresponding fractions from lignite tar are, on the other hand, sol u bio in acetone. 
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0016. Confirming the work of Fischer and Tropach, Elvins and Nash made hydrocarbon 
oils at atmospheric pressure. The catalyst used was prepared from mixtures of hydrated 
oxides of copper, cobalt, and manganese. These were dried at 150° and then reduced in a 
current of pure hydrogen below 400°; the copper oxide lowers the temperature of reduction. 
A mixture of equal volumes of carbon monoxide and hydrogen was passed over the catalyst at 
a rate of 6 liters per hour with a catalyst volume of 140 ce. The carbon dioxide in the 
escaping gases rose from 4.3 per cent at 245° to 10.7 per cent at 284°. The gases after cooling 
were passed through active charcoal which by subsequent treatment and distillation yielded 
an oil stable to light, of composition carbon 84.1 per cent, hydrogen 14.1 per cent, and boiling 
range 45°-105°. 1 * 

6617. In 1927 Nash and Elvins followed up this work by taking out a patent 11 for mak- 
ing olefines. The catalyst and the conditions are thoso mentioned in the preceding para- 
graph. The gas mixture to be used may bo one of the commercial mixtures, such as water- 
gas; good yields of olefines are obtained with carbon monoxide in excess. The products are 
principally olefines, gaseous, liquid and solid: there are some saturated hydrocarbons and 
small quantities of oxygenated compounds. With equimolecular proportions of the gases, 
or with hydrogen in excess, paraffins are the chief product. The same result is obtained, also, 
if the temperature substantially exceeds 300° C. 

6518. Unsaturated Hydrocarbons from Carbon Monoxide. Equal volumes 
of carbon monoxide and hydrogen, with a trace of oxygen, over nickel-palladium 
catalyst at 100° C., produced 1-3 per cent of ethylene. Other catalysts in order 
of decreasing activity were: nickel-copper-palladium, iron-nickel-palladium, 
nickel-platinum, copper-cobalt-iron, copper-palladium, copper-cobalt-nickel, 
carbon-palladium, nickel-copper, copper-cobalt. Nickel and nickel-palladium at 
250° C. yielded 20-25 per cent of methane. 14 

6619. In National Petroleum News, 1926, 18, Nos. 47, 49, Fischer summarized 
the progress up to 1926 in the synthesis of hydrocarbons by hydrogenation of 
carbon monoxide, without adding materially to the information contained in the 
articles already cited. 

6620. An important paper on experimental low-pressure synthin formation 
was also published at the end of 1927, by Elvins. 15 Elvins sums up as follows: 

(1) Olefines may be obtained by conversion of water-gas. From these may be 
obtained compounds containing oxygen. 

(2) It is preferable to use fairly large granules of catalyst to obviate clogging 
of the contact tube, due to the formation of solid hydrocarbons. 

(3) Catalysts prepared by precipitation shrink on reduction, with consequent 
loss of activity. 

(4) Fused oxide catalysts may be used, which fact effects a great saving in 
time of preparation over other methods and also gives a hard, stable granule. 

(5) The oxygen of carbon monoxide may be eliminated almost entirely as car- 
bon dioxide when hydrocarbons are formed. 

6621. Reaction Gases . Elvins used pure gases. The carbon monoxide, stored 
in iron cylinders, was found to have formed some iron carbonyl as evidenced by 
the deposit of ferrous sulphate in the sulphuric acid scrubber and of a brown pre- 

11 Fuel , 1926, 6 , 263. 

11 Brit. Pat. 291,867, Mar. 9. 1927. 

14 Hoover, Dorcas, Langley and Mickelson, /. Am. Chem. Soc. t 1927. 49, 873; Chem. Abet., 
1927, SI, 1444. 

11 J.S.C.I., 1927, 46, 473T. 
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cipitate in the strong potassium hydroxide with which the gas was washed. 
Therefore, after treatment with alkaline pyrogallate the gases were passed 
through a U-tube packed with activated charcoal. The charcoal removed traces 
of oil and of iron carbonyl. 

5622 . Choice of Catalyst. Medsforth 16 had shown the effect of using promoters with dehy- 
drating properties in conjunction with nickel, and tho idea was conceived that a catalyst com- 
posed of metals and oxides with dehydrogenating and hydrogenating properties only would 
induce the formation of higher alcohols if not of formaldehyde and methyl alcohol. Man- 
ganous oxide was shown by Sabatier and Mailhe 17 to be exclusively dehydrogenating towards 
alcohols and thus appeared to bo suitable for the end in view as a promoter and carrier for the 
more important metals used as catalysts. Of the metals of the iron group, cobalt was chosen 
as being easier to reduce than iron, and copper was used to lower the temperature of reduction 
of the cobalt; accordingly copper, cobalt, and manganese oxides were used for the first experi- 
ments. Fischer and Tropsch state that the most favorable proportions of metal to oxide addi- 
tion were between 1 : 1 and 3 : 1, an excess of oxide reducing tho activity of the catalyst, and 
mixtures between these limits were accordingly prepared. 

5623 . The catalysts first tried were made by precipitation, advantage being taken of work 
on the precipitation of the oxides in an active form already published by Lamb, Bray and 
Frazer, 18 Whitesell and Frazer, 19 and Almquist and Bray. 10 The oxides used were those of 
copper, cobalt and manganese. The exact method of preparation is given in the original paper 
to which, because the catalysts so prepared were not found as utilisable as those made by 
fusion we refer any reader interested in the matter. The precipitated, washed, dried and 
granulated catalytic material contained 60 parts cobaltic oxide, 30 parts cupric oxide, 45 
parts manganese dioxide. 

5524 . Tho dried mass was broken up and 84 cc. of granules passing 5-mesh and retained 
by a 10-mesh sieve were placed in the hard glass reaction tube, two plugs of glass wool being 
inserted to keep the mass in place. Reduction was then carried out with pure hydrogen pass- 
ing over at about 8 liters per hour during fifteen hours at 120°, during three hours at 340°, and 
finally, during one and one-half hours, at 400°-410°. It was noteworthy that the volume 
occupied by tho granules amounted to only 41 cc. after reduction. The temperature of the 
furnace was then dropped to 286° and a gas mixture of 33.4 per cent of carbon monoxide and 

65.5 per cent of hydrogen was passed through the reaction tube at 9.3 liters per hour. After 
passing 328 liters of gas there was a contraction of volume of only 2 per cent. This repre- 
sented a conversion too small for accurate measurement and the experiment was abandoned. 

5525 . On addition of 0.5 per cent of Li 2 CO* to this catalyst a different result was obtained. 
The temperature was kept at 300° C. and the composition of the gas mixture was hydrogen 

44.6 per cent, carbon monoxide 53.9 per cent. Of this 1230 liters were treated. Two charcoal 
U-tubcs used to absorb liquid products gained in weight 7.8 g. These were steamed out at 
160° C. and yielded an oily layer. Of tho insoluble oil 1.4 g. was obtained and distillod between 
75° and 200°. A small quantity of yellow solid organic material had collected on the cool part 
of the catalyst tube. 

As the aqueous layer from the steam distillation had a distinct odor and an acid reaction, 
it was investigated for soluble organic compounds. It was neutralized with 0.33 g. of caustic 
potash in 0.1 N-eolution, and the neutral solution on fractionation yielded a fraction boiling 
below 100°, which had a pleasant odor and formed iodoform without warming. A catalyst of 
similar composition to the above but without the addition of alkali also yielded an insoluble 
oil and a water-soluble fraction. It was noted that all the catalysts made from precipitated 
oxides diminished to about half-bulk on reduction, and consequently it was inferred that a 
considerable loss in activity must result from this, so other methods of preparing catalysts were 
considered. 

5526 . Preparation of Catalysts by Ignition of Nitrates. 211 g. of cobalt nitrate, 90 g. of cop- 
per nitrate, and 102 g. of manganese nitrate were melted in their water of crystallization and 

18 J. Chem. Soc., 1923, 123 , 1452. 

17 Ann. Ckim. Phys ., 1910, viii, 20 , 289. 

u Ind. Eng. Chem., 1920, 12 , 213. 

18 J. Am. Chem. Soc., 1923, 45 , 2841. 

W /Wd., 2305. 
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dried in an oven with stirring at 110°, after which the oven temperature was raised to 150°, 
and maintained at this temperature until oxides of nitrogen were no longer evolved. The 
material obtained was powdered to pass a 30-meah sieve and the contact tube filled eo that 
only a narrow channel was left for the passage of the gases. Residual nitrates were decom- 
posed by heating the tube to 300° and passing a rapid stream of nitrogen until the escaping 
gas did not redden litmus, after which the oxides formed (in the proportion of 60 parts Co-Oj. 
30 parts CuO, and 45 parts MnOj) were carefully reduced in a current of hydrogen up to 410 c . 
At 295° a mixture of 48.2 per cent carbon monoxide and 51.2 per cent hydrogen was passed 
over the catalyst so obtained; after twelve minutes water rapidly formed in the cool part 
of the tube and 1.5 cc. formed in four and one-half hours at a gas rate of 6 liters per hour. 
A contraction of 60 per cent was observed and the escaping gas contained 50.8 per cent 
carbon dioxide, but after forty-eight hours the reaction tube clogged, so it was cooled and 
half of the catalyst removed, when it was noted that the oxides were pyrophoric. After 
reduction of the catalyst left in the tube (35 cc.), the experiment was recommenced at 290°- 
294° and the gas rate kept at about 5 liters per hour for some 188 hours. After three 
hours at 5.5 liters per hour the contraction amounted to 12 per cent, and after 141 hours to 
8 per cent, and it was again noticed that at the beginning of the reaction much water 
formed, but this gradually diminished until no more appeared in the receiver inserted in 
front of the charcoal absorbers. When 1198 liters of the gas mixture mentioned had 
been passed over the catalyst the two charcoal U-tubes gained in weight 6.6 g., and 0.10 g. 
of a light yellow wax which softened at 64° and melted at 68°-69° was obtained from the 
end o. the reaction tube, while 2.67 g. of an insoluble oil was obtained by steam -distilling 
the contents of the two charcoal U-tubes. Fractionation of the aqueous layer from the steam 
distillation gave about 20 cc. of distillate below 100°, which separated into two layers, showing 
the presence of oxygen-containing substances only partly miscible with water. It appeared 
from this experiment that reduced unsupported oxides prepared by ignition of the corre- 
sponding nitrates gave a much greater conversion than the reduced precipitated oxides. 

5527 . Size of Granule. It is desirable to reduce the size of granule as much as practicable, 
in order to increase the active surface. But when a tube was filled, in such a way as to leave 
no channel, with 30-60 mesh material, it clogged in forty-eight hours, owing to the cementing 
of the granules by high-boiling hydrocarbons. 

6628 . The optimum conditions for the production of olefines and solid or 
liquid products were found to be equal volumes of carbon monoxide and hydrogen 
and a working temperature of about 300° C. 

6629 . The original article should be consulted for details of a number of 
experiments with different gas proportions and at various temperatures, as also 
for analyses of products and effluent gases. Elvins regards the advance in the 
synthesis of olefines as the most important result, since from these hydrocarbons, 
by well-known methods, many valuable oxygenated products may be obtained. 
Commenting on the utilization of methane, ethane and propane as potential 
sources of ethylene and acetylene, Nash observes that the polymerization of 
ethylene to light spirits or heavier oils is of fundamental interest, and may ulti- 
mately be shown to constitute a source of synthetic lubricant hydrocarbons. 
Ethylene and acetylene, he adds, may also be looked upon as possible sources 
of alcohol base fuels when such processes reach full technological development. 

6630 . A recent paper by Erdeley and Nash 11 reports experiments with dif- 
ferent catalysts: cobalt-copper-alumina, cobalt-copper-manganese oxide, cobalt- 
copper-zinc oxide, cobalt-copper-cerium oxide, cobalt-copper. These catalysts 
were prepared by ignition, followed by reduction of the oxides. The general 
method was similar to that followed by Elvins ( loc . cit.). 


Inst. Petroleum Tech., 1930, 16 , 313. 
» J.8.C.I., 1928, 47 , 219T. 
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5631. The results are summarized as follows: 

(1) Comparing the experiments carried out with different plain catalysts at 285° and with 
a gas mixture containing equal parts of carbon monoxide and hydrogen, the cobalt-coppcr- 
ainc oxide catalyst appears to be tho most suitable. After the initial period its activity was 
fairly constant, causing a contraction of about 50 per cent for several days. Nearly as con- 
stant as this was tho cobalt-copper-alumina catalyst but less oil and more water was formed 
in its presence. The oil yield was tho highest with the non-promoted cobalt-copper catalyst, 
the activity of which, however, decreased most rapidly. The cobalt-copper-ceria catalyst 
produced the smallest yield of water and a fairly good yield of oil, but although the contrac- 
tion in the initial period was the highest in tho presence of this catalyst, its activity decreased 
nearly as rapidly as that of the non-promoted catalyst. 

(2) Catalysts supported on silica gel were only as active as the plain catalyst in one case 
(manganese oxide-cobalt-copper). The importance of the relative proportions of silica gel to 
the catalyst substance was investigated as certain mixtures were found to have greater activ- 
ity than others. 

(3) The best temperature for the formation of liquid hydrocarbons was found in the case 
of cobalt-copper-alumina to lie between 280° and 290°. Above this, chiefly carbon dioxide 
and methane were formed. Below 230° no reaction could bo observed. 

(4) An excess of hydrogen in the original gas mixture increased the formation of water, 
while an excess of carbon monoxide lowered the activity of the catalyst very quickly. 

(5) The gas velocity was shown to exert a great influence on the yield of products. The 
optimum space velocity was found in tho case of cobalt-copper-zinc oxide catalyst to be about 
120 volumes of gas per hour per unit volume of catalyst. 

5532. An investigation of the formation of hydrocarbons from water-gas, 
which was marked by exceptional care and precision, was carried out at the Pitts- 
burgh station of the U. S. Bureau of Mines by Smith, Hawk and Reynolds.” 
All the catalysts were made as follows: (1) 881 g. Co(NOi)i*6HjO, 150 g. 
MnCl 2 -4HiO and 183 g. Cu(N0i)i*3H a 0 were dissolved in 3 liters of water and 
the solution filtered; (2) 220 g. NaOH dissolved in 500 cc. water were added 
slowly with stirring to the solution (1) heated to 85° C.; (3) the precipitate was 
washed by decantation until it began to become colloidal; (4) it was then filtered 
on muslin, compressed into pellets about 8 mm. long and 2 mm. in diameter, and 
dried slowly up to a final temperature of 200° C.; (5) the dried catalyst, freed 
from fines, was placed in the catalyst tube and reduced, first at 150° C., with 
hydrogen diluted with nine times its volume of nitrogen, the temperature and 
hydrogen concentration being increased, finishing with pure hydrogen at 300° to 
325° C. 

5533. The water-gas used was freed from oxygen, hydrogen sulphide, carbon 
dioxide, and water vapor, and finally from all sulphur compounds and heavy 
gases through a trap cooled in liquid air. Purification from the last trace of sul- 
phur is a prime necessity. 

5534 . A mixture of the fused nitrates of sodium, potassium, and lithium was used as the 
heating liquid in the thermostat containing the reaction tube in which the catalyst was placed. 
Since the reactions evolve considerable quantities of heat, the thermostat temperatures only 
approximate to those of the catalyst mass. The reaction tube was designed to reduce as far 
as possible this probable difference in temperature. Experiments were made at temperatures 
between 203° and 287° at space velocities from 120 to 260. At 203° 18 per cent of the gas is 
converted in a single passage at a space velocity of 230. It was noticed that the activity of the 
catalyst fell very rapidly (as judged by the amount of gas converted) as the volume of gas 


» Ind. Ena. Chem ., 1928, 10 , 1341. 
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passed over increased, to reach a fairly steady value. Passage of hydrogen over the catalyst 
reactivated it. Most of the oxygen appears in the product as water, and the ratio HjO : COi 
increases rapidly with decreasing temperature. At the higher space velocities and at the 
higher temperatures relatively more unsaturated hydrocarbons are formed ; with lower veloci- 
ties and at the higher temperatures, in general, more heavy hydrocarbons are formed. The 
total hydrocarbon products contain, according to conditions, from 20 per cent by weight 
upwards of methane. In one experiment at 260° with a space velocity of 260 the composition 
of the hydrocarbon products was: methane 21 per cent, "gasol” 45 per cent, motor fuel 
34 per cent. The yields of hydrocarbons other than methane vary from 92 to 156 g./m. a of 
hydrogen and carbon monoxide converted. Some degree of control can bo exercised over the 
nature of the product by suitable choice of the variable conditions. 2 * 

In the practical operation on a large scale, the catalyst chamber would have to be designed 
to carry away efficiently the heat of the reaction and to maintain rather close temperature 
control throughout the large catalyst mass. 

5536. In another article Fischer and his co-workers report that the "gasol,” benzine, and 
petroleum fractions of the synthetic petroleum obtained by the catalytic reduction of carbon 
monoxide at ordinary pressures have been examined. The "gasol” consists of ethane, propane, 
and butane, together with the corresponding olefines; after twenty-four hours’ operation an 
iron-copper catalyst gave a product containing 26.5 per cent of olefines, while after sixty-five 
hours the proportion rose to 36 per cent. The benzine (initial b.p. 59°), of which 95 per cent 
distilled below 185°, had d f 4 ° 0.7135, iodine value 161, and contained 65 per cent of unsatu- 
rated hydrocarbons. The latter are probably simple olefines, the benzine being stable to light 
and air and showing no tendency to discolor or deposit gums. By varying the experimental 
conditions it is possible to obtain more highly saturated benzines if desired. n-Octanc, 
n-nonane, and isononane were identified in the saturated hydrocarbons remaining after 
exhaustive extraction with fuming sulphuric acid of a fraction of boiling range 125°- 150°. 
The iodine value of the petroleum fraction varied considerably with the experimental condi- 
tions, e.g., from 8.7 to 64.7. It increased with the gas velocity and with the age of the cata- 
lyst. The water-soluble organic products of the reaction amounted at most to 2 per cent of 
the total products, and consisted principally of aldehydes and ketones. 24 

5536A. A benzine distillate of the synthetic petroleum obtained by the catalytic reduc- 
tion of carbon monoxide under ordinary pressures has been found to consist of a mixture of 
olefines (65 per cent) and paraffins, containing only small amounts of aromatic hydro- 
carbons (benzene 0.1 per cent, toluene 0.4-0.5 per cent), and no naphthenes. The benzine 
was fractionated and the olefines and paraffins wore separated. The following hydrocarbons 
were isolated and identified: A**- and AG-pentenes, A*- and AG-hexenes, 77-dimethyl- 
Aa-pentene, heptene, (?) AG-octeno, nonene, n-pentane, n-hexane, n-heptane, n-octane, 
7-methyloctane, n-nonane. A small quantity of a solid crystalline substance (m.p. 106°) of 
unknown constitution, but possessing some of the properties of a 7-pyrone derivative was 
isolated from the fractions of b.p. 100-120° 24 “ 

5536. Smith, Davis and Reynolds 24 worked on the low-pressure synthin process. The 
water-gas used in these experiments, undertaken for the sake of obtaining more quantitative 
information than was available upon the production of high hydrocarbons from water-gas at 
atmospheric pressure, was made from charcoal and contained about equal proportions of 
hydrogen and carbon monoxide. The catalysts tried included promoted iron, cobalt-copper- 
chromium oxide, cobalt chromate, cobalt-copper, cobalt-copper-uranium oxide, and cobalt- 
copper-manganese oxide. The first five gave only negligible yields of hydrocarbons. The 
yields with the sixth could be measured, with some difficulty. The best yields of ofl were 
obtained at about 275° C. (527° F.). The hydrocarbons formed included both saturates and 
un sat urates and in a typical case 2.5 per cent of hydrocarbons above butane was found. Oil 
yield decreased very rapidly with increased rate of flow of the gas over the catalyst from 
200 to 360 cc. per min. 

5537. Calculations show that at 20 cents per 1000 cu. ft. the cost of the water-gas for mak- 
ing a gallon of oil would be 28 oents. Or, if all hydrocarbons from butane up were included in 


** Brit . Chem.Abst., 1919, 82B. 

24 Fischer and Tropsch (with Koch), Brennstoff-Chem ., 1928, 9 , 21; Brit. Chem. Abst., 
1918 , 324B. 

^ Tropsch and Koch. Brennstoff-Chem., 1929, 10 , 337-346; Brit. Chem. Abst., 1919 , 
10Q3B. 

u Ind. Eng. Chem., May 1928, 462. 
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the oil, the cost would be cut to 22 cents; and with the value of the unused combustible 
gases taken into account, the figure could probably be brought down to about 15 cents per 
gallon. 1 * 

6038. Production of Paraffin Hydrocarbons with More than One Carbon Atom. Oxides 
of carbon, mixed with hydrogen, are reduced to paraffins higher than methane by heating the 
gases at about the ordinary pressure in presence of a catalyst at temperatures between that at 
which the catalyst begins to act and that at which methane is the main product. The tem- 
perature employed is generally 80°-100° below that at which methane only is formed. E. g., 
using as catalyst a mixture of *inc oxide and finely divided iron, at 300° the product contains 
10 per cent of methane and 90 per cent of higher paraffins while at 430° methane is the only 
hydrocarbon. 17 

6638A. In the production of hydrocarbons and oxygen-containing compounds containing 
a plurality of carbon atoms, the operation is effected in a circulatory system with a gas mix- 
ture containing only the reactants in requisite proportion for the reaction and extraneous 
gases such as methane, ethane, nitrogen or rare gases to the extent of at least 40 per cent 
by volume. 17 * It is stated that the process is especially suitable for the production of liquid 
hydrocarbons with catalysts containing iron and cobalt, and to the manufacture of acids, 
esters, alcohols, ketones, etc., by use of catalysts containing iron, cadmium and copper, or 
potassium, sine and chromium, or xinc, chromium and manganese. The reaction gases are 
preferably freed from carbon dioxide, sulphur compounds and iron carbonyl. 

6539. For the synthin process, oxides of carbon are reduced by hydrogen, or gases rich in 
hydrogen, in the presence of contact masses containing, in addition to metallic copper, silver, 
gold, or zinc, elements of the eighth periodic group, and, if desired, small quantities of other 
elements or compounds. The process may be carried out under ordinary or higher pressures, 
and at elovated temperatures, in the absence of carriers of low heat conductivity. 18 

6640. A combination of processes leading from coal, by low-temperature carbonization, 
to water-gas, synthetic hydrocarbons, methanol, and, eventually, to pure hydrogen for the 
ammonia synthesis has been described. It seems that this combination of processes rather 
than any evident novelty in the individual steps constitutes the subject-matter. 29 

5640 A. Gases containing carbon oxides and hydrogen (produced by treating solid fuels, 
in a producer with air and steam) are treated at 80° and at about atmospheric pressure with a 
catalyst formed mainly of the sulphates of cerium and cobalt. 19 * The product comprises 
about 90 per cent hydrocarbons and the remainder is chiefly ketones; it may be used as 
liquid fuel or as a solvent for fatty materials, rubber, cellulose acetate or other substances. 

5641. Sulphide Catalysts. 10 We find sulphide catalysts proposed in the synthesis of 
hydrocarbons and oxygenated products by hydrogenation of carbon oxides. Such catalysts 
may be metallic sulphides, such as copper or cobalt sulphides, or zinc chromates or metallic 
oxides which have been treated with hydrogen sulphide. Pressures of 10-100 atmospheres 
and temperatures of 200°-600° C. are mentioned. An examplo is given of the production of 
a petroleum-like oil by passing water-gas at 20 atmospheres through an aluminum-lined cham- 
ber containing cobalt sulphide heated to 270° C. 11 

5643. Metal Catalysts from Carbonyls. The process described in para. 1357 is applied 
for the production of finely divided metal (iron, cobalt, nickel or molybdenum) catalysts. 11 
The powder is used as such or extended on active silica. Preference is, however, expressed 
for the flaky form produced as described in Specification 269,677 (see para. 1357). These 


18 Univ. Oil Prod. Co. Bull. 

17 Brit. Chcm. Abat., 1937, 695B; Brit. Pat. 255,818, Mar. 26, 1926, to Fischer and Tropsch. 
Can. Pat. 265,063, Oct. 19, 1926. 

r * I. G. Farbenind. A.-G., Brit. Pat. 313,467, Feb. 9. 1928; Chem. Abat., 1930, 1118; 
Cf. French Pat. 664,420, Nov. 22, 1928; Chem. Abat., 1930, 860. 

n Brit. Chem. Abat., 1938, 664B.; C/. French Pat. 635,950, June 14. 1927; Brit. Pat; 
293,185, June 9, 1927, to Johnson (an I. G. patent). 

n Brit. Pat. 282,573, Feb. 22, 1927, to Synth. Ammonia A Nitrates, Ltd., and Humphrey, 
IU. Off. Jour., Feb. 15, 1928. 

^Compagnie G6n5rale des Produits de Synth&se, Brit. Pat. 316,945, Aug. 6, 1928; 
Chem. Abat., 1930, 1866. 

10 Brit. Pat. application 269,521, convention date, Apr. 14, 1926, by the I. G. 

11 Chem. Ape (London). 1927, 17, 605. 

n Brit. Pat. application 271,452 (convention date, May 22, 1926; addition to 267,554) 
by the I. G. 
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metal 8, or the oxides produced from them by burning, are used in the production of hydro- 
carbons from carbon monoxide and hydrogen. 11 

6543. In another method of using the carbonyls,* 4 carbonyls of iron, cobalt, nickel, or 
molybdenum are heated in presence of hydrogen, or water-gas or steam to a temperature suffi- 
cient to decompose the carbonyl. The deposited metal is re-converted into carbonyl and 
hydrocarbons are extracted from the gas by active silica.** 

6544. General Preparation of Hydrocarbons by the Redaction of Organic Substances. 
Use of Carbon and of Carbon Monoxide. Campardou,** by the use of carbon monoxide in 
presence of wood charcoal as catalyst at 400°-450° C. obtained yields up to the theoretical of 
vinyl or ethylenic hydrocarbons with organic compounds containing hydrogen and oxygen, 
alcohols and ethers affording vinyl hydrocarbons, while acids, ketones, and aldehydes yielded 
olefines. The two reactions 


and 


C + H,0 = CO + Hi 
C0 + H 2 0 -= CO, + H, 


0 ) 

( 2 ) 


thus appear general in organic chemistry. Reduction according to equation (2) is practically 
always exothermic and is independent of pressure, and is accordingly best conducted at the 
lower limit of the activity of the catalyst. Reduction according to equation (1) is often 
endothermic, and requires a relatively high temperature, limited by decomposition of the 
hydrocarbons. The conversion of phenol into bensene according to equation (1) absorbs 
20 g.-cal., whereas reduction by equation (2) liberates 22.4 g.-cal.* 7 

6644A. The temperature required in the catalytic production of olefines from mixtures 
of hydrogen and carbon oxides is controlled by a fluid which circulates in heap-exchanging 
relation with the catalyst but not in contact with the reaction gases. The temperature control 
fluid may be passed through passages in manganese-copper shelves on which the catalyst is 
placed.* 7- 

5645. Action of Acetylene on Oxides of Carbon. Sandonnini * reports, in great detail, 
experiment* on the reaction of carbon monoxide and of the dioxide and acetylene without 
catalysts and in the presence of various catalysts. The object was to throw liaht on the for- 
mation of higher hydrocarbons in the carbon oxides hydrogenation syntheses. 

6546. Production of Acetylene Hydrocarbons. Acetylene and its homologs are produced 
by incomplete combustion of gaseous mixtures of hydrogen, methane, and carbon monoxide, 
in the presence of catalysts (platinum, nickel, copper, vanadium, oxide of iron, etc.).* 

6547. Production of Synthetic Petroleum by Andry-Bourgeois and Oliver's Process. 
Water-gas is produced from cheap carbonaceous material, the carbon monoxide is converted 
by catalytic reduction at 230° under atmospheric pressure into methane, which is then decom- 
posed into acetylene and hydrogen in an electric furnace at 2000°, and the acetylene is con- 
verted into a mixture of gaseous and condensable hydrocarbons of the ethylene, cyclic, and 
napththene series, by catalytic hydrogenation at 150°-300° under 0.5 atmosphere pressure. 
Peat-coke or lignite-coke containing 20 per cent of ash (1 kg.) yielded 250 g. of a brown, 
dichroic liquid having a strong smell of petroleum, with d 0.8, calorific value 2750, and con- 
taining 75 per cent of boiling-point below 150®. A considerable quantity of the liquid could 
be sulphonated and oxidised, and it contained aromatic hydrocarbons in quantities com- 
parable to Borneo petroleum. Worked on a semi-industrial scale the process has yielded a 
synthetic fuel which gives a petroleum spirit of sp. gr. 0.76 and a heat value of 11,539 calories 
per kilogram. 40 . 


** Chem. Age (London), 1927, 17, 115. 

u I. G., British application 270,705, convention date, May 10, 1926. 

** Chem. Age (London). 1927, 17, 64. 

** Compt. rend., 1927, 184, 828. 

» 7 Brit. Chem. Abet., 1927, 440B. 

I. G. Farbenind. A.-G., Brit. Pat. 310.999, Feb. 6. 1928; Chem. Abet., 1930, 625. 

* Gait. chim. ital., 1927, 57, 781; Chem. Abet., 1928, 22, 758. 

* Brit. Pat. application 282,690, convention date, Dec. 21, 1926, by Soc. d’Etudes et 
d’Exploit. mat. org.; Chem. Age (London), 1928, 18, 184. 

"Goutal, Chat, et lnd., 1924, 5, Suppl. 90; Chem. Zentr., 1925, 96, II, 114; Brit. Chem. 
Abet., 1924, 43, 1087B. 
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6648. The Synthesis of Petroleum Hydrocarbons. Fischer 41 reviews the 
various processes. The following special points are noted: at high pressures, 
with alkalized iron catalyst synthol is produced, with zinc oxide, methanol. At 
atmospheric pressures, with ferrous metal catalysts, hydrocarbons from butane 
to solid paraffin result. Of the ferrous metals cobalt is the most active. The 
temperature should be between 200° and 300° C. and gas ratio H* : CO should 
be 1 : 1. Higher temperature causes the formation of methane. Strong bases 
in the catalyst produce solid paraffin. If water-gas is used special care must be 
taken to eliminate organic sulphur. 

6549. Aromatic Hydrocarbons: Synthesis. 41 Water-gas under pressure (50 atmospheres) 
is passed over an iron-silver catalyst at 370° C. There results a mixture of olefines and paraf- 
fins. After cooling in a heat-exchanger and washing (still under 30 atmospheres pressure) 
with water, the mixture is passed at atmospheric pressure through a copper tube, filled with 
iron-free copper turnings, at 800° C. The gas after the first operation, before washing, con- 
tains 13 per cent olefines, 10 per cent ethane, and 4 per cent methane; the washed gas, after 
being subjected to the second treatment, yields 80 per cent of benzol. 

6660. Gessmann and Shalders 43 claim a method of producing low-boiling hydrocarbons 
by passing unsaturated hydrocarbon gases with carbon monoxide and hydrogen over a cata- 
lyst activated by chemically active light rays. No external heat is applied and the operation 
is conducted at atmospheric pressure. The catalyst consists of pure powdered electrolytic 
copper, tungsten and pumice stone powder treated with dilute solution of caustic alkali and 
dried quickly. 

5661. According to one of Prud’homme’s proposals, 44 in producing a liquid fuel generally 
suitable for the same uses as gasoline, he mixes water-gas or Dowson gas with a gas rich in 
hydrocarbons especially those of the acetylene series and the mixture is passed first over a 
hydrogenation catalyst, then over a dehydrogenation catalyst and finally over catalysts to 
effect polymerization of the acetylene hydrocarbons. 46 

5551A. Synthesis of Light Hydrocarbons. 46- A mixture of carbon monoxide and 
hydrogen is first heated in the presence of a catalyst such as metals of the iron group (e.g., 
iron, nickel, cobalt, etc., in grains or powder on refractory carriers such as alumina, calcium 
oxide or magnesium oxide) or sulphides such as those of iron, molybdenum and tungsten, at 
about 500°, and the gases are then subjected to a simultaneous expansion and cooling of 
sudden character to a temperature of 180°-300° again in the presence of catalysts such as 
finely divided metals. 

5551B. Mixtures of oxides of carbon and hydrogen are treated at increased pressure and 
temperature with catalysts consisting of metals of the eighth group, alkali metal compounds 
and small quantities of free or combined sulphur, selenium or tellurium. 466 - Liquid products 
of olefinic character are obtained and may be employed in liquid fuels to prevent knocking, 
for the manufacture of lubricating and insulating oils by condensation by means of aluminum 
chloride, boron fluoride, etc., for catalytic production of benzene hydrocarbons, and for 
manufacture of alcohols, glycols, etc. To obtain the catalysts, alkali sulphide or hydro- 
sulphide is added to the metal hydroxide obtained by precipitation with ammonia. One 
or more of the metals of the eighth group may be used, and other substances may be added, 
such as copper, silver, gold or cadmium, and alkali metal chlorides. Low temperatures and 
high pressures tend to form high molecular by-products such as paraffins and waxes. Thus, 
iron and cobalt hydroxides precipitated by means of ammonia are impregnated with potassium 
sulphide solution, and reduced with hydrogen. With this catalyst, employing ordinary pressure 
and a temperature of 267° C., liquid hydrocarbons, 10 per cent of which boil above 180° C., 
are obtained. 

41 Brennstoff-Chem., 1927, 8, 1; Chem. Abst ., 1927, II, 1357. 

41 Brit. Pat. 297,179, July 13, 1927, to the I. G. 

43 Can. Pat. 282,392, Aug. 14, 1928. 

44 Brit. Pat. 238,931, May 23, 1924. 

46 Chem. Abst., 1916, 2063. 

Mercier, Brit. Pat. 312,916, June 2, 1928; Chem. Abst. t 1930, 860. 

466 1. G. Farbenind. A.-G., Brit. Pat. 322,284, Oct. 11, 1928; Chem . Age (London), 
1930, 102. 
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555 1C. Liquid hydrocarbons are obtained when hydrogen or water-gas, steam, and meth- 
ane, or ethane are injected into a blast-furnace and the exit gases are led over a nickel, cobalt, 
or platinum catalyst at 100°-450°, preferably under pressure. With a zinc oxide catalyst 
alcohols are obtained; with aluminum chloride, polymerized products. 44 * 

6653. Regenerating Metal Catalysts Contaminated with Sulphur. 44 Prud’homme treats 
sulphur-contaminated catalysts, e.g., those used in synthesis of light hydrocarl>ons, with 
acetic, formic or other suitable organic acid to eliminate the sulphur as hydrogen sulphide. 47 
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V. Other Carbon Oxide Reductions and Related Syntheses 

6566. By suitable variations in the conditions of the reduction of carbon 
monoxide by hydrogen, other products than methanol, methane, synthol and 
synthin can be made. 

Ketene. One of the simplest compounds so obtained is ketene, C0:CH f . 
According to Dreyfus 48 mixtures of 3 molecules of carbon monoxide to 1 mole- 
cule of hydrogen yield ketene when heated at about 400°-450° (preferably 
200°-300°) under pressures of about 200 atmospheres (generally 50-150), in the 
presence of catalysts which can effect the combination of the gases to form oxy- 
genated organic compounds. Such catalysts are zinc or copper oxide or chro- 
mate, copper, zinc, or tin with potassium or sodium carbonate or acetate, etc. 
The ketene may be used directly for the production of acetic acid, etc., or removed 
by cooling and liquefaction. 

6666. Formic Acid. It is relevant to note that Arsem produces formic acid 
by causing water and carbon monoxide to react under pressure in the presence 
of a cuprous halide catalyst. 49 

5557. Synthesis and Polymerization of Formaldehyde. When a mixture of equal volumes 
of carbon monoxide and hydrogen was passed at 150°- 180° over a mixture of pumice and xinc 

44< Fohlon, French Pat. 631, 927, April 14, 1927; Brit. Chem. Abst., 1930, 406B. 

44 U. S. Pat. 1,640,668, Aug. 30, 1927. 

47 Chem. Abst., 1927, 31, 3431. 

48 Brit. Pat. 262.364. 1925; Brit. Chem. Abst., Feb. 18, 1927, 125B. 

49 U. S. Pat. 1,606,394, 1926; Brit. Chem. Abst., Feb. 18. 1927, 125B. 
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dust with 2 per cent of magnesium oxide and 1 per cent of lead oxide, formaldehyde was 
formed, together with caramel-like polymerisation products. When the resultant gases were 
passed into lime water containing a little magnesium oxide, only polymerisation products 
were obtained. These contained formose and a-acrose, but, contrary to the statement of K. 
and W. F. Short, no dextrose. 60 

5557 A. Catalytic Production of Aldehydes and Alcohols. 60 * A catalyst is used contain- 
ing cobalt (suitably in the form of its chromate or nitrate as prepared) together with sine or 
chromium oxides, or zinc and manganese oxides (or a mixture of all these oxides). Copper 
also may be present or may constitute the lining of the reaction chamber. High temperatures 
and pressures are used. 

5558. Synthetic Formaldehyde from Carbon Monoxide and Hydrogen. Mechanism 
of the Sensitized Photochemical Reaction. The dependence of the rate of formation of 
formaldehyde on the concentrations of hydrogen and carbon monoxide has been studied in 
the photochemical reaction sensitized by mercury. An equation of the form d[CHiO)/df = 
Kp H J *Pco^/ p totai^* has been deduced theoretically, but the results actually obtained indi- 
cate that the equation d[CH 2 0]/df = Xp Hl *P co determines the velocity. Atomic hydrogen 
is thus one of the constituents taking part in the reaction, of which formaldehyde is the 
chief product. 61 

5559. Considerable amounts of free formic acid are obtained by ^e action of hydrogen 
and palladium-black under pressure on carbon dioxide in presence of water, while formic 
acid is decomposed catalytically into carbon dioxide and hydrogen. The determination of 
the equilibrium between these reactions between 30° and 90° C. gave no indication of tho 
formation of formaldehyde as an intermediate product, so that it is unlikely that the forma- 
tion of formaldehyde is a stage in the assimilation of carbonic acid in nature. 61 

6560. Methyl Ether from Carbon Monoxide. A mixture of carbon monoxide 2 parts 
and hydrogen 1 part at a pressure of 150 atmospheres is passed through a chamber lined with 
inert material and containing a hydrogenation catalyst and a dehydration catalyst. Tho 
part containing the hydrogenation catalyst only is heated to 500° C. and the construction u 
such that the temperature at the dehydration is 300° C. while the pressure at the outlet is 
25 atmospheres. A solution of methyl ether in wator collects in a high-pressure condenser 
and tank system. 

5561. The hydrogenation catalyst must be one that does not favor the formation of 
methane, e.g., zinc oxide and reduced chromium or copper salts. The dehydration catalyst 
may be partially dehydrated aluminum or titanium hydroxide, thorium hydroxide or silica 
gel. The process is essentially a dehydration of methanol: in fact an alternative method 
proposed consists in the treatment of methanol with the dehydration catalyst only. 61 

5661A. Dimethyl Ether. 63 * A copper-chromium oxide catalyst in contact with a 2 : 1 
hydrogen-carbon monoxide mixture has been found to yield, in addition to methanol, largo 
quantities of dimethyl ether. The catalyst contained copper and ch»omium in the mol ratio 
3 : 1 and was precipitated from the nitrates with sodium hydroxide. The conversions of 
carbon monoxide at 180 atmospheres, expressed in mol per cent, to methanol and to methyl 
ether were, respectively: at 265° C., 7 and 4; at 285° C., 14 and 6; at 305° C., 24 and 22; 
at 340° C., 17 and 20; and at 355° C., 11.5 and 13.5. The region of maximum conversion 
was 315° to 320° C., and the conversions were of the order of 30 mol per cent, that to ether 
being the larger. 

5562. Acetic Acid. Dreyfus, by modification of the gas mixture and catalysts, obtains 
acetic acid. Approximately equimolar mixtures of hydrogen and carbon monoxide yield 
acetic acid whon heated below 350°-450° (preferably 200°-300°), at pressures up to about 

60 Vogel. Hclv. Chim. Ada, 1928, 11, 370. 

*°* Morgan and Taylor, Brit. Pat. 313,061, Feb. 28, 1928; Chem. Abst ., 1930, 861. See 
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61 Marshall, J. Physical Chem., 1926, 30, 1634; Brit. Chem. Abst., 1926, 216A. Cf. Jaeger. 
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Abhandl. Kennt. Kohte, 1926, 7, 51. 

61 Bredig and Carter, Chem. Zeit., 1915, 39, 72; J.S.C.I. , 1915, 34, 278. 
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assignees of Bichosky; Chem. Aoe (London), 1927, 17, 515. 

tu Brown and Galloway, Ind. Eny. Chem., 175, 22, 1930. Preparation of methyl ether 
from oxides of carbon by means of catalytic hydrogenation, see Ullrich, Mdallbdrse, 1929, 
19, 1741-2; Chem. Abst., 1929, 5158. 
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200 atmospheres (generally 50-150) in the presence of substances capable of forming acetates 
which decompose with the formation of acetic acid at 400°-450° (preferably 200°-300°). 
When these substances are themselves capable of effecting the combination of carbon mon- 
oxide and hydrogen, they may be used alone; otherwise they must be used together with such 
substances, other than xinc oxide, as are employed in combining these gases to form oxygen- 
ated organic compounds. Catalysts which may be used are oxide of tin, copper, etc., copper 
acetate, methoxides of aluminum, etc., either alone or mixed with one another or with potas- 
sium or sodium acetate or methoxide, etc.* 4 

6563. In another method by Dreyfus ** methanol is heated with carbon monoxide at 
atmospheric pressure in presence of substances which are, or form, acetates that split off 
acetic acid at temperatures below 450° C. Hydrogen may be present and, with excess 
methanol, methyl acetate is produced. Suitable catalysts are: oxides of copper, tin, lead 
or sine; zinc acetate, zinc methylate, aluminum methylate, tin methylate; finely divided 
zinc, aluminum or copper; mixtures of sodium acetate and potassium acetate or mixtures of 
alkali methylates and other metal methylates. Temperatures of 200°-350° C. are preferable 
and the process may be carried out in a circulating system. 

6664. Synthesis of Acetic Acid and Acetates. Smith M describes the manufacture of 
alkali acetates by reaction between methanol and sodium formate or between methanol, 
carbon monoxide and sodium hydrate or carbonate. The formate may be the crude product 
obtained by the action of the monoxide on caustic soda. The methanol may be in the form 
of vapor mixed with hydrogen and carbon monoxide as in the methanol synthesis. Exam- 
ple i; (1) Sodium formate with a little water is treated at 250°-300° C. with a stream of 
methanol vapor; (2) carbon monoxide or gas containing it is forced into an autoclave con- 
taining crude methanol and caustic soda or soda-ash until the pressure is about 50 atmos- 
pheres; the autoclave is then heated for two or three hours and the product worked up for 
sodium acetate or for acetic acid.* 7 

5566. A method of manufacturing acetic acid by heating a mixture of carbon monoxide 
and methanol under high (100-300 atmospheres) pressure at 300°-400° C. in presence of 
catalysts such as ortho-, pyro-, or metaphosphoric acid and other specified inorganic acids, 
is described; 6 * one modification replaces preformed methanol by adding hydrogen which 
combines with the carbon monoxide to form methanol. 1 * 

5666. Methanol from Methyl Formate.* 0 One proposal is for the manufacture of 
methanol from methyl formate by the following process: A mixture of hydrogen, or a gas 
containing it, and methyl formate vapor is passed at normal pressure and at 100°- 180° 
over a catalyst containing copper. Thus a mixture of 132 g. of the ester and 25 liters of 
hydrogen per hour was passed through a tube containing fragments of porous pot treated 
with the catalyst, and at 160° a mixture of hydrogen, 60 g. of unchanged ester, and 72 g. 
of methyl alcohol resulted, the two former being once more employed. The yield was some 
90 per cent of that calculated from the formic acid. Water-gas may be used instead of 
hydrogen. Decomposition of the ester is more rapid, and can be performed in a smaller 
apparatus when this method is used than by earlier processes. 11 

6667. Formic Acid Esters. The process described below, though not a hydrogenation, 
has immediate relevance. Carbon monoxide, in the presence of water, is allowed to act on 
alcohols at raised temperatures with or without increased pressure and catalysts. Methyl 
formate is formed below 200° under ordinary pressure on leading carbon monoxide, methyl 
alcohol vapor, and steam over a variety of contact substances including such as favor the 
taking up and splitting off of water, but the reaction is greatly accelerated by increased 
pressure. Excess of alcohol improves the yields. For example, a mixture of carbon monox- 
ide and methyl alcohol vapor in approximately the proportion 1 : 2 with steam when once led 
over titanium or thallium oxide, under ordinary pressure, at 175°, gives 0.1 per cent of methyl 

M Dreyfus, Brit. Pat. 262,832 1925. Brit. Chem. Abet ., 1917, 125B; see also Dreyfus, 
Brit. Pat. 264,558, 1925; Brit. Chem. Abet., 1917, 268B. 

** Brit. Pat. 268,845, Nov. 7, 1925; Chem. Abet., 1918, 22, 1365. 

M Brit. Pat. 271,589, Mar. 13, 1926, to Synthetic Amm. A Nitrates, Ltd., and P. A. and 
H. G. Smith. 

* 7 Chem. Age (London), 1927, 17, 38. 

“ Brit. Pat. 283,989, July 20, 1926, to British Celanese, Ltd., and Dreyfus and Bader. 

60 Chem. Age (London), 1928, 18, 203. 

•° French Pat. 581, 175, Aug. 7. 1913, to the Soc. chim. dee Usinefl du Rhdne. See para. 5571. 

61 Brit. Chem. Abet., 1917, 156B. 
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formate. Using sine and manganese as contact substances with highly activated carbon as 
carrier, the yield is 1.0 per cent at 260°. With activated carbon at 200° and 200 atmospheres 
pressure, the yield of methyl formate rises to 12 per cent. Similar results are obtained with 
other alcohols. 12 

0568. Motor Fuel Process. Air and steam are passed through a generator containing 
red-hot carbonaceous material; the carbon monoxide, hydrogen, and undecomposed steam 
produced are led through a bed of tin plate or other metallic scraps resting on a grate above 
the fuel. The gases then pass through the tubes of a steam boiler to closed coils in a still 
containing crude petroleum or heavy paraffin oils. The distillate is collected in a tank, 
where it is admixed with the cooled gases under pressure, yielding a motor fuel.* 3 

0669. Somewhat comprehensive claims are made by Aarts.* 4 Active carbon is heated 
with hydrogen or hydrogen-containing gases at 150°-600° C., with or without a catalyst at 
atmospheric or slightly plus pressure. Nickel is a suitable catalyst. At 150°-400° C. saturated 
and at 400°-600° C. unsaturated hydrocarbons are the chief products. 

Solid fuels may be gasified to produce a carbon monoxide-containing gas, which is 
then heated to 300°-500° C. The decomposition may be started by a catalyst such as 
iron, nickel, or cobalt oxide. 

Hydrocarbons adsorbed in carbon may be used as fuel in internal combustion engines. 81 

0070. Hansen 88 obtains liquid hydrocarbons by subjecting carbon or the vapor of hydro- 
carbons, such as naphthalene (which need not be purified), at atmospheric pressure, to the 
action of hydrogen immediately after it has been dissociated by an electric arc or hot spark 
discharge. A catalyst may be used. 

0071. Methanol from Alkyl Formates. Christiansen 87 produces methanol from an 
alkyl formate (methyl formate) by the action of hydrogen in presence of a catalyst. Reduced 
copper is a suitable catalyst and the recommended temperature of operation is 180° C. 88 
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CHAPTER LVI 


HYDROGEN (I) 

The Hydrogen Problem in Glyceride Oil Hardening 

6600. Oleic acid and hydrogen combine, molecule for molecule, to yield 
stearic acid according to the reaction: 


Ci S H S 4 0, + H, = CuHjeOj. 


Thus 282 lb. of oleic acid require 2 lb. (or about 0.7 per cent) of hydrogen for the 
production of 284 lb. of stearic acid, and similarly the transformation of olein 
into stearine requires the use of about 0.68 per cent hydrogen. 1 

6601. One thousand cubic feet of hydrogen weigh approximately 5.6 lb., 
hence a pound of olein calls for a little over 0.1 of an ounce of hydrogen equiva- 
lent to approximately 2500 cu. ft. of hydrogen per ton (of 2000 lb.) of olein. 
Thus by weight only a relatively small quantity of hydrogen is needed, while by 
volume the amount required, of course, is considerable. 5 

6602. The following tabulation shows the nature of the reaction in several 
cases: 

1 Tho amount of hydrogen required for complete conversion is given by Sachs ( ZeiUch . /. 
ange w. Chem., 1913, 94, 784) as 7.4 kilos or 85 cu. m. hydrogen per 1000 kilos oleic acid. 
One thousand kilos of linoleic acid having two double bonds call for 14.2 kilos, or 170 cu. m. 
of hydrogen. One thousand kilos of linoleic with throe double bonds need 21.6 kilos, or 289 
cu. m. of hydrogen, while a like weight of clupanodonic acid with its four double bonds requires 
29 kilos, or 349 cu. m. of hydrogen. The hydrogen requirements per ton of some of the 
fats enumerated by Sachs are as follows: 

Cubic Meters 


Cocoanut oil 7.8 

Tallow 33.57 

Olive oil 68.80 

Oleic acid 88.80 

Com oil 143.75 


Dr. Holde observes ( Seifen . Ztg ., 1912, 918) that oleic acid requires only 2 parts of hydro- 
gen to 282 parts of oil in order to get stearic acid, while linoleic and linolenic acid require 
4 and 6 parts respectively to 280 and 278 parts. Ricinoiic acid, which contains 1 atom of 
oxygen more than oleic acid, forms an oxystearic acid which has a very high melting-point, 
but which also only contains 2 atoms more of hydrogen than the original acid. The glycerides 
of stearic or palmitic acid naturally remain unchanged throughout the operation. 

1 According to Linde (Production of Hydrogen, Third Int. Cong, of Refrigeration, 1913), 
6 to 10 cu. m. of hydrogen are required for hardening 100 kilos of oil. 
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Oleic acid 

Linolic acid 

Linolcnic acid .... 
Clupanodonic acid 


CisHhO, + 2H 
CuHuO, + 4H 
CisHioOa + 6H 
CisH M 0 2 + 8H 


= CwHmO, 

Htcario 

acid 


(CiaHisOs^CsHi + 6H 
Olein 

CaH^Oj + 2H 
Erucic acid 

Ci.Hj 4 0, + 2H 

Ricinoleic acid 


= (CiaHjaOiJjCiHj 
Stearin® 

=* C11H44O1 

Behenio acid 

= CuHieOa 
Hydroxy s teario 
acid 


6603. One of the chief problems in the hydrogenation field is that of a cheap 
supply of pure hydrogen. The two methods hitherto most favored in the hydro- 
genation of oils have been the iron-sponge steam process and the electrolytic 
method. For large plants the iron-sponge steam process has been preferred, but 
it is relatively complicated and scarcely to be recommended for plants calling for 
1000 cu. ft. of hydrogen, or less, per hour. 

6604. In the electrolysis of brine to make caustic soda and bleach, there 
exists a by-product of hydrogen sufficient in amount to treat an enormous quan- 
tity of oil or conduct other hydrogenation operations on the large scale. To-day 
a good portion of this hydrogen is being used in various hydrogenations. 1 

6606. Use of 44 Hydrogen-containing Gases.” This expression is often used. 
The reference usually is to such products as coke-oven gas and water-gas. Coke- 
oven gas contains about the following: 

Per Cent 


Hydrogen 46 

Nitrogen 15 

Carbon monoxido 7 

Methane 20 

Ethylene 2 

Carbon dioxido 4 


This gaa may bo obtained in largo quantities at low cost in the neighborhood of coke- 
oven plants. Many of the patents relating to the hydrogenation of oils refer to the uso of 
gas mixtures containing hydrogen as well as to hydrogen gas in a pure state. 


6606. Carrying out the hydrogenation process with hydrogen-containing 
gases involves: (1) the catalyzer must not become contaminated with poisons; 
(2) the process must proceed in spite of the presence of foreign gases; (3) foreign 
gases must not injure the oil. 

6607. Nitrogen does not injure the ordinary catalysts but acts as an inert 
diluent. The same is true of carbon dioxide. The monoxide is objectionable in 
that it reduces the activity of some catalysts. Sulphur compounds poison the 

•Similar conditions exist abroad, Blum reporting (Met. and Chem. EnQ. % 1911, 157) 
that enormous amounts of hydrogen gas aro produced in largo works for the production 
of caustic soda and chlorine by electrolysis of common salt solutions. The hydrogen gas 
is set free together with the caustic soda at the cathode. In this case the cost of the gas is 
practically that of its compression and storage. Special railway cars are built in Germany 
for the transportation of 500 cylinders containing 2750 cu. m. of hydrogen gas. The cost of 
shipment of the cylinders is so great that the distribution, of course, is only local, as regards 
consumption on the large scale. The Zeppelin Garage in Frankfort is supplied with hydrogen 
by means of a high-pressure main from Griesheim. 



710 


HYDROGENATION 


catalysts used in oil hardening and, with few exceptions, those used in other 
hydrogenations. With circulating gases, the hydrogen being absorbed, the inert 
constituents accumulate until their proportion is so large as to render it neces- 
sary to discharge the gas. 

6608. According to Walker, when water-gas is used in oil-hardening, only 
about one-third of the contained hydrogen or approximately 17 per cent of the 
total gas is used. To secure the same effect 600 cu. ft. of water-gas in place of 
100 cu. ft. of hydrogen are required, in which case about 500 cu. ft. of spent gas 
results. The spent gas, of course, should not be thrown away as this would be 
wasteful and arrangements must be made for its use in heating, lighting or power 
applications. It is not always convenient to thus make use of such a large volume 
of hydrogen-spent gas; furthermore, it is necessary to make all the pipes and 
connections larger by sixfold than when concentrated hydrogen is employed, 
which means an additional expense. 

6609. Finally there is the question as to whether or not the foreign gases 4 
contained in water-gas exert any detrimental influence upon the hardened oil; 
whether they do not during the process bring about side reactions. As regards 
carbon monoxide 6 and carbon dioxide no chemical action on oils or fatty acids 
under these conditions is known, yet eventually catalyzers may be employed 
which cause side reactions. Thus when using water-gas in place of hydrogen, a 
number of difficulties are likely to arise in large scale operation and the seeming 
financial advantage on close inspection shrinks considerably, practically leaving 
the field to technically pure hydrogen. 

Sources or Industrial Hydrogen 

6610. The practically available sources of hydrogen may be classified as 
follows: 

A. From CoaL Water-gas: (1) Steam-iron process; (2) catalytic process; 
(3) lime process; (4) liquefaction process. 

Coke-oven gas: Liquefaction process. 

B. From Hydrocarbons: (1) By thermal decomposition; (2) by interaction 
with steam; (3) by interaction with carbon dioxide; (4) by partial combustion. 

C. From Water: (1) By electrolysis; (2) Bergius process; (3) various other 
less important processes. 

D. The Phosphorus Process. 

E. Miscellaneous Processes, including the ferrosilicon process and those in 
which hydrogen occurs as a by-product. 

4 Tho addition of small quantities of a second gas to a pure gas markedly reduces the 
rato of diffusion in liquids, according to Barus ( Chem . Abat., 1913, 3871). 

§ Caro (Scifen. Zty., 1913, 852) considers the presence of carbon monoxide in hydrogen 
used for hardening fats with nickel catalyzers to be, under some circumstances, injurious to 
the catalyzer. Maintaining the temperature of the oil during hydrogenation above 200° C. 
is said to be beneficial, as any nickel carbonyl formed will be at once decomposed at that 
temperature. Maxted points out the slowing up of oil hardening which results from the 
presence of carbon monoxide. This is objectionable in hydrogenating for edible fat because 
long operation time tends to spoil flavor. (Trans. Faraday Soc., 1917, September.) Hi gh 
operation temperature has a similar effect on flavor. 
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Water-gas 

6611. When steam interacts with carbon at high temperatures the following 
reaction occurs: H,0 + C CO + H,. This is the reaction of the ordinary 
technical method for the manufacture of water-gas and it takes place at about 
1000° C. (High Temperature Water-gas.) 

6612. If means (e.g., catalysis) be found to bring about the reaction at a lower 
temperature (below 800° C.) the course of the reaction tends to run: 

2HjO + C = CO* + 2H, ( Low Temperature Water-gas). 

This has been realized in practice in two ways: (1) the Bergius process in which 
carbon is heated with water at 300° C. under pressures sufficient to keep the 
water liquid 

2H,0 (liquid) + C ^ CO, + 2H, - 29,500 cals. 

(2) by mixing catalysts (e.g., lime) with the coke, whereby the reaction tempera- 
ture is lowered to 500°- 600° C. 

6613. The usual, almost invariable technical practice is to make water-gas by 
the high-temperature method. Alternate blasts of air and steam are blown 
through a bed of hot coke. During the air blasting a high temperature is reached. 
The flue gases are low in caloric value. During the steaming the fuel gradually 
falls in temperature its heat serving to supply the energy for the reaction: 

H,0 (vapor) + C = CO + H, - 29,100 cals. 

The gases from the air blasting are collected separately from those of the steam- 
ing. These latter, only, are water-gas. 

The composition of the effluent varies with the temperature at which it has 
been produced. However, owing to the much greater velocity of the reaction at 
high temperature, the average water-gas obtained has the character of a high- 
temperature product. 

6614. The following table 6 shows the effect of temperature both on the 
velocity of the reaction and on the composition of the product. 


Temperature, 

°C 

Per Cent 
of Steam 
Decomposed 

Composition by Volume of Gas Produced 

Hydrogen 

Carbon 

Monoxide 

Carbon 

Dioxide 

674 

8.8 

65.2 

4.9 

29.8 

758 

25.3 

65.2 

7.8 

27.0 

838 

41.0 

61.9 

15.1 

22.9 

954 

70 2 

53 3 

39.3 

0.8 

1010 

94.0 

48.8 

49.7 

1.5 

1125 

99.4 

50.9 

48.5 

0.6 


• From Toed. Chemistry and Manufacture of Hydroyen , originally from Bunte, J. fUr 
QaabeUuchtuny, 37, 81. 
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6616. Inspection of these results shows that at 1000° C. about equal volumes 
of hydrogen and of carbon monoxide are produced, i.e., the equation: C + HjO = 
CO + Hi is realized. At the lowest temperature (674° C.) the product is approach- 
ing the proportions two-thirds hydrogen, one-third dioxide, corresponding to: 
C + 2H,0 = CO, + 2H,. 


Wateb-gas Manufacture 

6616. We do not intend to describe in any detail the appliances and methods 
used in water-gas manufacture, but to give some general information on the 
subject. 

6617. In the early days of water-gas manufacture the generator was exter- 
nally heated. Nowadays the heat is obtained by partial burning of the fuel inside 
the generator either by the English (deep fuel bed) or the Swedish (shallow fuel 
bed) method. 

5617A. A return to the original external heating is proposed by Bellay 7 probably to 
avoid the dilution of the product with nitrogen. Water-gas is produced by gasification of 
coke, lignite, turf and other fuel rich in carbon without admission of outer air, within a gen- 
erator heated from the outside, into which superheated steam is blown. The gas produoed 
is enriched in hydrogen by causing it to flow through a column forming an extension of the 
lower generator with adjustable heating and having partitions of fireproof clay and coal and 
blowing into the column superheated steam at 100°— 400°. The enriched gas is brought 
into a purifier and condenser containing lime milk in which the carbon dioxide and coal 
dust and impurities are separated, the remaining gases being brought to a purifier heated 
from outside and filled with a fresh preparation of soda-lime and completely retaining all the 
carbon monoxide and carbon dioxide still remaining in the hydrogen. The pure hydrogen 
is passed to a gasometer. 

6618. As we have said, in the English method the fuel bed is deep, in the 
Swedish method it is shallow. The consequence of the English way of working 
is that the carbon dioxide, formed by the combustion of the coke during the air- 
blasting, becomes reduced to monoxide as it traverses the deep bed. This is not 
an advantage because, at best, the proportion of monoxide will not exceed 30 per 
cent, the rest being chiefly nitrogen. 

6619. In the Swedish way of working the carbon dioxide has no chance to be 
reduced and the heat loss is saved. Therefore the coke mass gains the necessary 
high temperature quickly and the air-blasting time is reduced. 

6620. A modern water-gas generator is a cylindrical structure with a hearth 
below and a charging orifice above. The latter is provided with a lid. There is 
an upper and a lower steam inlet and upper and a lower gas outlet. These 
are used in pairs, alternately, the upper steam inlet with the lower gas outlet and 
vice versa . This insures even distribution of heat through the fuel. Fire having 
been made on the hearth, the generator is charged from the top, the lid of which 
is left open during the air-blowing. Steam inlets and gas outlets being closed, air 
is blown in at about 15 ins. plus pressure of water. The gases (ideally 20 per 
cent carbon dioxide, 70 per cent nitrogen, etc.) escape through the open lid. 

7 Can. Pat. 282,952, Sept. 4, 1928; Chem. Abet., 1928, 12, 4213. Brit, application, 
284,262, convention date, Jan. 26, 1927; Chem. Age (London), 1928, 305. 



WATER-GAS 


713 


When a temperature of about 1000° C. has been attained, air is shut off, the lid 
is closed, one steam inlet and the corresponding gas outlet are opened, and steam 
is admitted at 120 lb. per sq. in. When the temperature falls to the economical 
limit, the operation is recommenced, except for the fuel charging which occurs 
only after the third steaming which completes the cycle. 

6621. With a generator having a hearth 5 ft. 6 in. in diameter such a cycle 
would be as follows: * 


Air blast 2 minutes 

Steam upwards 6 minutes * 

Air blast 1 minute 

Steam downwards 6 minutes 

Air blast 1 minuto 

Steam upwards 6 minutes 


After this a fresh fuel charge would be added and the cycle recommenced. 

6622. Various methods of construction are used to make the working more 
uniform and more nearly continuous. Such are devices for maintaining uniform 
feed and height of fuel, for declinkering, etc. For these the reader is referred to 
manuals on fuel technology. 

5613. Apparatus for Making Water-gas. The generating chamber has a grate contain- 
ing passages connected with a pipe through which water is supplied for the purpose of gen- 
erating and superheating steam. The steam is discharged through an outlet below tho grate 
and passes upwards, through the grate, to the fuel bed. 9 

6614. Leonars 10 makes water-gas by causing steam and carbonaceous material to moot 
in a bath o! molten metal (iron). The gases pass up through the chargo. The slag is with- 
drawn from the surface of the metal from time to time. Instead of solid fuel, liquid hydro- 
carbons may be used. 

6626. Composition of Water-gas. With coke containing about 83 per cent of 
carbon, 6.0 per cent of moisture and 9.0 per cent of ash, the water-gas would 
have about the composition: 11 

Per Cent 
by Volume 


Hydrogen 52.0 

Carbon monoxide 39.6 

Methane 0.4 

Carbon dioxide 3.5 

Hydrogen sulphide 0.5 

Nitrogen 4.0 


Approximately 45 per cent of the carbon of the coke is present in the water- 
gas. Owing, however, to the high calorific value of the gas the efficiency of the 
process works out at 66 per cent. 

6626. The subsequent treatment of the water-gas depends on the process in 
which it is to be used. For the carbon monoxide syntheses it undergoes purifica- 
tion and partial conversion, so that the necessary ratio — hydrogen : carbon mon- 
oxide — may be obtained, a ratio which varies according to the nature of the prod- 

I Teed, loc. cit. 

9 U. S. Pat. 1,592,464, July 13, 1926, to McDonnells; Brit. Chem. Abut., 1916, 8I3B. 

10 U. S. Pat. 1,592,861, July 20, 1926. Apparatus described and illustrated. 

II Teed. loc. cit. 
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uct desired. For hydrogenation of oils and for most organic hydrogenations it is, 
after purification, subjected to one of the processes about to be described in order 
to obtain pure hydrogen or, at any rate, to remove catalyst poisons and carbon 
monoxide. 

Purification of Water-gas 

6627. Removal of Mechanical Impurities. As it comes from the generator 
water-gas contains ash and dust. These are removed by passing the gas up 
through a tower where it meets a down-flowing current of cold water. This scrub- 
bing process also removes most and usually all of the iron carbonyl present. 

6628. Gaseous Impurities. The noxious impurities that may be present in 
crude water-gas are: Sulphur compounds (hydrogen sulphide, carbon disulphide, 
carbonyl sulphide and thiophene), and iron carbonyle. There is also a small quan- 
tity of methane which is harmless for most technical organic hydrogenations. 
If the gas is intended for maximum conversion to hydrogen by the catalytic, the 
steam-iron or the Griesheim (lime) process it is not essential to give it a pre- 
liminary purification since each of these processes effects this. If it is intended for 
use in the methanol and similar syntheses it must be purified. Even for the cata- 
lytic process this is desirable if certain active but easily poisoned catalysts are 
used. 

6629. Removal of Sulphuretted Hydrogen. This has been very thoroughly 
worked out in a century and more of coal gas practice. The purification is 
usually effected by passing the gas, preferably at 12°-20° C. 12 over hydrated 
oxide of iron. When the hydrated oxide loses its efficiency the gas is sent through 
another purifier and the contents of the first are exposed to the open air. By the 
action of water and air the following reaction is caused : 

4FeS + 30, + 6H,0 = 2Fe,(0H), + 4S. 

The original hydroxide is regenerated and is ready for re-use. This cycle can 
be repeated until the sulphur content rises to 50-60 per cent. The product can 
then be sold to manufacturers of sulphuric acid. One ton of oxide will purify 
about 2,000,000 cu. ft. of gas. 

6630. Another method of removing hydrogen sulphide is suggested by 
Laryokov. 13 The gas is passed up a coke-filled tower where it meets and is 
scrubbed by a cold &-10 per cent solution of sodium or potassium carbonate. 
The sulphide is absorbed with formation, e.g., of sodium hydrosulphide and 
bicarbonate. The carbonate and hydrogen sulphide are regenerated by blowing 
with hot air which carries off the sulphide. 

6631. Removal of Organic Sulphur Compounds from Hydrogen, etc. Accord- 
ing to Fischer and Tropsch 14 hydrogen may be purified from sulphur-containing 
organic compounds by passing the mixed gases over a catalyst consisting of 

12 In climates where very low temperatures are experienced means of heating the oxide 
mass must be provided, e g., by steam pipes. 

11 Masloboino Zhirovoe Delo, Oil and Fat Ind. t Russia, 1988, No. 2, 6-7. 

24 Brit. Pat. 254,288, June 3, 1926; Brit. Chem. Abat., 1987, 385B. 
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finely divided lead or tin or alloys thereof, deposited upon an inorganic sub- 
stance (e.g., bases or acid anhydrides) which remains solid at the temperature 
of reaction, i.e., above the melting-point of the metallic catalyst. Such a con- 
tact material, consisting of equal parts of lead chromate and copper oxide treated 
with hydrogen at 400°, is able at 300°-500° and ordinary pressure to desulphurize 
gas and maintain its activity for several months. 

6632. Removal of Iron Carbonyl. A Badische Co. 15 process for removing 
carbonyl from gaseous mixtures is especially intended for gases to be used in the 
inethanol and related syntheses. The gases are mixed with a measured quantity 
of air or of hydrochloric acid gas and the mixture is passed over a layer of acti- 
vated carbon. The iron carbonyl is decomposed with formation of oxide or 
chloride. The carbon can be revivified by treatment with acid and washing. 

6633. Sulphur, phosphorus and arsenic present as organic compounds in 
hydrogen mixtures may be removed by passing the gas, at 200°-500° C. and under 
a pressure of 100 atmospheres, over a catalyst comprising metals, other than 
copper, having an atomic weight between 51 and 65, or oxides of metals such as 
nickel and alumina. Impurities are converted by this treatment into methane 
and homologs and inorganic compounds of sulphur, etc., which latter may be 
removed by alkali. 15 

6634. In another process the gas or gas mixture receives alternate and 
repeated treatment first with alkali to remove carbon dioxide, hydrogen sul- 
phide, sulphur dioxide, etc., then under 70-800 atmospheres pressure at 150°- 
450° C. with catalysts similar to those described in the last paragraph. 17 

6634A. A process described by the Stoltzenberg Company 18 is intended for 
the separate production of carbon monoxide and of hydrogen. The carbon mon- 
oxide contained in w*ater-gas after purification by the usual means, is absorbed 
by cuprous chloride solution, and from this solution pure carbon monoxide is lib- 
erated by ordinary methods. The hydrogen freed from the remaining traces 
of carbon monoxide by passing it over heated iron oxide, is finally cooled and 
washed to remove the aqueous vapor and carbon dioxide. The reduced iron is 
reconverted into the oxide by treatment with steam. 

The Steam-iron Process 

6636. When steam is passed over heated iron it is decomposed, the iron is 
oxidized, and hydrogen is produced. 

3Fe + 4HjO = Fej0 4 + 4Hi 

6636. Theoretically, 1000 cu. ft. of hydrogen, measured at 760 mm. and 
14.5° C., should be formed by the action of 49.95 lb. of steam on 116.5 lb. 
of iron. This yield is not nearly attained in practice. 

11 Brit. Pat. 247.050, May 21, 1925. 

18 Brit. Pat. 276.687, Aug. 30, 1926, to Gewerksch. Steinkohl. Mont-Cenia. 

17 Brit. Pat. 276,668, Aug. 26, 1926, to the same paten toee. 

u Ger. Pat. 44.911, July 12, 1924, to Chem. Fabr. H. Stoltzenberg. 



716 


HYDROGENATION 


6637. After the reaction, which is superficial, has ceased, the iron is regener- 
ated by passing water-gas over it. 

Fe,0 4 + 4H a = 3Fe + 4H,0 
Fe,0 4 + 4CO = 3Fe + 4CO,. 

The cycle can then be recommenced. 

6637A. Loshkarev 19 has observed that in the reduction phase, the carbon 
monoxide enters sooner into the reaction and that a disproportionate amount of 
it is consumed. The larger the proportion of monoxide present in the water-gas, 
the shorter is the reduction time. Loshkarev therefore recommends increasing 
the proportion of monoxide either by injection into the water-gas producer of 
gas already used in reduction or by addition of oxygen to the air used for com- 
bustion. In either case the effect is to add carbon dioxide to the gases in the 
generator. 

6638. The steam-iron process has been applied on an enormous scale, espe- 
cially in the production of hydrogen for the hardening of oils. It is threatened 
by the newer processes, but is still used and new plants to work it are still being 
installed. In some forms the hydrogen it yields is not sufficiently free from 
carbon monoxide to cause that rapid hardening which is desirable in the prepara- 
tion of edible oils. This disadvantage, however, has been overcome. Maxted 
claims to produce, by his modification, a gas as pure as electrolytic hydrogen. 

6639. At the outset the generator is not charged with metallic iron. In fact 
there is never a great quantity of metal present. As usually worked, a generator 
will run through two complete cycles in one hour. Yet to produce 3500 cu. ft. of 
hydrogen (in two cycles) per hour, 6 tons of oxide are required. 10 We have seen 
that the theoretical quantity of iron which corresponds to 1750 cu. ft. (one cycle 
yield) is about 200 lb. The generator is charged with some such iron ore as 
hematite, then, at a temperature of 650°-900° C., water-gas is passed over the 
ore to reduce it superficially. This method produces a shallow film of spongy 
iron on the surface of the oxide. The latter, being robust and refractory, possesses 
considerable resistance to disintegration. In this way the passage for the gas is 
kept clear. If the temperature is allowed to go higher than 900° C. there is a 
tendency to sintering, producing an obstruction to the flow of gas and steam. 

6640. When the reducing stage is finished it is necessary to flush out the gen- 
erator to remove the residual water-gas. This operation, termed purging, takes 
only a few seconds. The gas so removed can be stored and burned, or used in 
some other way. 11 

6641. There are thus three periods in a cycle of operations: reducing, during 
which water-gas is passing over the ore; purging; and oxidizing when steam is 

19 Oil and Fat lnd ., Russia, 1926, 6 , 22; Chcm. Abet., 1928, 22 , 3741. 

xo Teed: The Manufacture of Hydroycn. 

91 The waste gases from each phase of the process may be collected in a common container 
and used as heating gas. Small quantities of the reducing gases used in the process may ho 
added. (Ger. Pat. 466,109, Dec. 24, 1926, to Bamag-Meguin, A.-G.; Chem. Abst. t 1929, 
23 , 942.) 
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passing and hydrogen is being evolved. According to Teed ( loc . cii.) the dura- 
tions of these stages are: reducing, 20 minutes; purging, 35 seconds; oxidizing, 
9 minutes 25 seconds. 

6642. A representative sample of gas obtained will have the following com- 
position ” (Teed, loc. cil.). 

Per cent 
by Volume 


Hydrogen 97.5 

Carbon dioxide 1.5 

Carbon monoxide 0.5 

Hydrogen sulphide 0.03 

Nitrogen 0.47 


100 00 


6643. Purification of the Gas. Water scrubbing serves to remove the dust, 
etc., and also some of the carbon dioxide. The gas is then passed through an 
iron oxide purifier to remove hydrogen sulphide and next through a lime box to 
take out the carbon dioxide. 

6644. Deterioration of the Ore. Although, as we said, the ore is robust, 
nevertheless, with time it tends to disintegrate, breaking up into small fragments 
and offering undue resistance to the flow of gas. This necessitates replacement 
by fresh ore. Another cause of deterioration is sintering which, indeed, is believed 
by many to be the fundamental cause. A number of suggestions have been put 
forward to overcome this difficulty. They are of two kinds. Either the ore is to 
be mixed with some substance which will render it more refractory, or catalytic 
substances are added to reduce the working temperature. 

6645 . Mcsserschmitt employs spongy iron produced from fragmentary oxide iron ore 
(i.e., an ore containing FejOj). Only spongy iron produced from such oxidised iron ore is 
regarded by Meeserschmitt as possessing the requisite porosity and strength for carrying out 
the process. The effect of using ferric oxide as raw material, it is claimed, is that the oxide 
after reduction becomes porous throughout its entire mass on account of the decrease in 
volume consequent upon the removal of the oxygen therefrom and thus an increased surface 
is exposed to the subsequent action of the steam. The use of ferric oxide in the form of oxide 
ores is important because the lumps of this ore, in consequence of its peculiar natural texture, 
maintain their shape in spite of repeated reductions and oxidations and the ore possesses tho 
necessary strength to withstand the pressure of superimposed layers; if this were otherwise 
the path for the gases would become choked by tho crumbling of the ferric oxide and con- 
tinuous working would be impeded. Tho gangue, clay, silica and other components of tho 
ore have for effect to prevent (in spite of high temperatures which may bo produced either 
intentionally or in consequence of irregular working of the furnace) a sintering of the charge, 
the latter thus constituting a sort of rigid incombustible carrier for the oxides and the iron 
sponge. 11 

6646 . Natural ores of manganese or of manganese and iron are employed by Messer- 
sohmitt in place of ordinary iron ore. It is stated that hydrogen is obtained in good yields at 
700° to 800° C. or about 200 degrees lower than with iron sponge. 14 


n The John Thompson Co., of Wolverhampton, who exploit the Maxted process, state 
that, with the ordinary steam-iron process, a monoxide content of 2 per cent is common. 
For certain purposes, e.g., aeronautics, the low nitrogen content gives this process consider- 
able advantage over some of its competitors. 

11 U. S. Pat. 971,206, Sept. 27. 1910. 
u French Pat. 461,480, 1913. 
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5647 . Messerschmitt also recommends as a contact material a mixture of spongy iron and 
manganese, cobalt or nickel. The mixture may be made by adding the other metal to the 
spongy iron and is used in powder form or molded into briquettes, or natural ores containing 
these metals may be used. This mixture has the advantage of not being easily poisoned and 
may be worked at a lower temperature. Manganese is of special value if a gas containing 
carbon is used in the reduction stage, for manganese dioxide in the presence of carbon, oxi- 
dises the latter. 14 

5648 . DiefTenbach and Moldenhauer 14 use the residue left on roasting spathic iron ore 
in the air in the preparation of iron to be employed in the decomposition of steam. This 
material is very porous, and is in most cases free from substances which would have injurious 
effects in the manufacture of hydrogen. They also claim the use of alloys of iron with man- 
ganese, chromium, tungsten, titanium, aluminum or other similar elements as the primary 
materials. These have the advantage that they are not fusible, do not soften, and do not 
form fusible or soft compounds with iron or its oxides. In place of alloys, mixtures of iron or 
its oxides with the other elements specified, or their oxides, may be employed, for instance in 
the form of briquettes. 17 

5649 . Illuminating gas, water-gas or other gas containing free hydrogen, according to 
Jaubert, is passed through retorts packed with briquettes formed of iron oxide with a refrac- 
tory substance and a catalytic agent, the retorts being heated to 800° to 900° C. Steam is 
afterwards passed through the retorts at the same temperature, yielding hydrogen. The 
briquettes are preferably composed of a mixture of 30 to 60 kilos of iron oxide (FejO* or 
FejOd, 15 to 25 kilos of fire clay or pumice, 15 to 25 kilos of calcined magnesia and 5 to 15 
kilos of the oxide of lead, copper, ohromium or manganese. 11 

5650 . To prevent fritting the Badische Co. 19 proposed as remedies : the use of fused iron 
oxides, especially in conjunction with refractory and difficultly reducible oxides of high melt- 
ing-point such as magnesia or zirconia, the iron oxides being prepared by the fusion of metallic 
iron in the presence of air or an oxidixing agent; fused iron oxides may be used in conjunction 
with a silicate as well as similar naturally occurring minerals such as magnetite. The Badische 
Co. also recommend spongy iron prepared by the reduction of minerals or oxides of iron by 
means of carbon, employing external heating. The metal is said to retain its porosity after 
repeated use. “ Spongy Swedish iron," prepared in the above manner, is especially suitable. 10 

5651 . Temporary deterioration of the ore also happens, due to the reaction : 

Fe + 6CO = FeC» + 3COi 

taking place toward the end of the reducing process. During the oxidising stage another 
reaction alowly occurs : 

3FeC, + 13H,0 = 9CO + Fe,0 4 + 13H, 

This leads to a gradual increase in the quantity of carbon monoxide contained in the gas. To 
correct the defect a volume of steam may be added to the water-gas equal to one-half the 
volume of the contained carbon monoxide. While this slows up the reduction it does away 
with the carbide formation and increases the purity of the product. 11 

5659 . According to Max ted and Ridsdale 11 hydrogen prepared by the steam-iron process 
contains considerable quantities of carbon monoxide, due to the deposition of carbon during 
the reduction and its subsequent oxidation, by the steam. 

5653 . Hydrogen free from carbon monoxide is obtained by employing for the reduction 
of the iron oxide a reducing gas containing substantially more carbon dioxide than carbon 
monoxide, a suitable ratio being 2:1. This may be obtained by adding carbon dioxide to 
water-gas, or by suitable modifications in the manufacture of the reducing gas, but dilution 


14 U. S. Pat. 1,109,448, Sept. 1, 1914. 

14 Ger. Pat. 232,347 of 1910. 

17 French Pat. 444,044, May 20, 1912. See also Zeil.f. anyetp. Chem., 1914, 222. 

14 French Pat. 418,312 of 1909. 

10 French Pat. 440,780, Feb. 29, 1912. 

10 French Pat. 453,077, Jan. 11, 1913. 

11 French Pat. 395,132 of 1908, to Dellwick-Fleischer Wassergas Gea. Partial reduction is 
also recommended. 

11 Brit. Pat. 12,698; Spet. 4, 1915; J.S.C.I., 1916, 1060; Chem. Abat., 1917, 538. 
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of the gas with nitrogen (e.g., by partial combustion of the gas with air) or by steam must be 
avoided. The presence of carbon dioxide in the reducing gas prevents the deposition of car- 
bon during the reduction of the iron oxide to iron, and, therefore, no carbon monoxide is 
formed when steam is passed over the heated iron to produce hydrogen. 



6654 . Another remedy for carbon deposition consists in 41 burning " off the carbon by occa- 
sional admission of air. Unfortunately this tends to hasten the disintegration of the ore body. 

5654 A. Dicke * u generates hydrogen by the action of steam on scrap from the various 
departments of an iron and steel works, and the resulting iron oxide is utilised in the blast 
furnace or open hearth furnace. The apparatus is constructed of a refractory chamber sur- 
rounded by a tight metal jacket. The chamber is divided into separate compartments by 
refractory walls. The compartments are arranged with valves, etc., so that they operate 
independently of each other. They are charged with iron ores or scrap iron and operated in 
the usual manner. The apparatus is shown in vertical section in Fig. 148 and in cross-eection 
in Fig. 149. 

6656. There are two general types of plant for the iron-steam process, the 
multiple retort system and the single retort system. 

6666. Multiple Retort System. ,, The apparatus provided for operating this 
process consists of a combustion chamber containing a number of vertical retorts, 
the chamber being provided with a gas producer. A combustible gas is delivered 
from the producer and burned by means of secondary air in the combustion cham- 
ber around the outside of the retorts, the products of combustion passing away 
through recuperators to a stack. The retorts are charged with iron ore of proper 
grade and sufficiently porous in itself and of proper sized lumps to allow of a more 
or less free passage of gas. It is necessary that the greatest possible surface of 
ore be exposed. In operation the blue water-gas holder is filled, the hydrogen 

"■ Ger. Pat. 280,964, Aug. 14. 1913; Brit. Pat. 29,390, 1913; French Pat. 465,474, Nov. 
28. 1913; U. 8. Pat. 1,129,559, Feb. 23. 1915. 

u Modified Lane Process of Improved Equipment Co., New York City. 
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retorts brought up to heat, and by means of suitable valve connections the steam 
and blue water-gas are alternately passed through the retorts, the resulting 
hydrogen passing to a holder and the products of combustion passing to the 
atmosphere. The retorts are usually made of cast steel, which seems to be as satis- 
factory as any material which has been used. Cast-iron retorts have been used 
with more or less success. The destruction of the hydrogen retorts appears to 
commence on their outside diameter, working inward more rapidly than from 
the inside outward. It is obvious that they should fail in this manner as the 
combustion surrounding the outside of the retorts continually cuts into them, 
whereas absorption by ferrous oxide of oxygen takes place more rapidly than the 
absorption of oxygen by metallic iron, and the entire charge of ferrous oxide is 
changed to the ferric condition before there has been time for the walls of the 
retorts to be seriously attacked by the oxygen of the steam. 

5667 . As it has been found in practice that the reducing reaction takes considerably 
longer than the generation of hydrogen, the Lane process may be carried out in three or more 
groups of retorts, the greater part of which are constantly subjected to the action of reducing 
gases for the regeneration of the iron, or other hydrogen-producing substance. The retorts 
communicate with one another by means of a series of pipes, fitted with controlling valves. 

so that steam or the reducing gases may be admitted as required. 
The hydrogen, which is evolved in the first few minutes of the 
operation, being impure, is diverted from the collector of pure 
hydrogen, and mixed with the water-gas used for reduction. 
Means are provided for forcing hot air through the reaction 
chamber, which is done periodically between the two reactions so 
as to bum out objectionable impurities, especially sulphur. 44 

0658 . Lane 44 proposes means for removing the reducing gas 
as well as the sulphur, carbon and other impurities between the 
two oxidizing and reducing steps of the process. To this end the 
retort is provided at each extremity with a multiple-way con- 
trolling valve adapted to establish communication between that 
end of the retort and any one of three pipes connected respec- 
tively at the one end of the retort to a supply of air under pres- 
sure, a supply of reducing gas, and a hydrogen receiver, and at 
the opposite end of the retort respectively to an outlet, a gas- 
washing and regenerating apparatus, and a supply of steam under 
pressure. 

5659 . In Fig. 150, A is the retort provided with an inlet B at 
the lower end and an outlet C at the upper end, and F and G 
are four-way valves which are capable of being rotated by means 
of hand-wheels H and J so as to open communication on the ono 
hand between the retort A and either the pipe K connected to a 
hydrogen container, a pipe M connected to a supply of reducing 
gas, or a pipe N connected to a supply of air under pressure, and 
on the other hand either with a discharge pipe O, a pipe P lead- 
ing to a gas-washing or regenerating apparatus and a pipe Q con- 
nected to a supply of low-pressure steam. Assuming that the con- 
tact material in the retort has been oxidized during the previous 
hydrogen-producing phase, the sequence of operations is as follows: 
In the first place the impurities deposited on the contact 
material during the previous reduction phase, or present in the 
gaseotis state in the retort, are removed by effecting their 
combustion. This is effected by rotating the valve G one- 
quarter of a revolution so as to admit air under pressure to the lower part of the retort 

44 Lane, Brit. Pat. 17,591, July 29, 1909; Brit. Pat. 11,878, Jan. 29, 1910. 

44 Lane, U. 8. Pat. 1,028,366, June 4, 1912. 
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through the pipe* N and D, and rotating valvo F so as to fore© out the product© of combus- 
tion into the atmosphere through the pipes E and 0. The valve G is then rotated so as to 
admit reducing gas to the retort through pipes M and D and rotating valve F so as to open 
communication between the upper part of the retort and the gas-washing or regenerating 
apparatus through pipes E and P. At tho completion of the reducing phase the valve F is 
rotated so as to connect tho upper part of tho retort with the supply of steam under pressure 
through pipes Q and E, whereupon the pressure of the steam being greater than that of tho 
reducing gas remaining in the retort, the latter is forced out through pipes D and M carrying 
with it tho impure hydrogen which has boon generated by tho action of tho steam on the sul- 
phur, carbon, etc., deposited on tho contact material. As soon as it is found that tho hydrogen 
passing out through pipe M is sufficiently pure the valvo G is rotated so as to deliver the gas 
to the hydrogen container, after which, air is then again passed through the retort in tho man- 
ner previously described. 

6660. Lane 16 purifies the reducing gas in the manufacture of hydrogen by the alternate 
oxidation and deoxidation of iron, by compressing the reducing gas to a pressure of several 
atmospheres and then causing it to flow (while still under pressure) in contact with an oppo- 
sitely flowing stream of water. To increase the effectiveness of the washing operation, tho 
gas is passed through a coke tower through which water is flowing in an opposite direction. 
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6660A. R. and J. Dempster, Ltd. (Manchester, England), have furnished hydrogenating 
equipment similar to that shown in Fig. 151. The plant consists of a blue water-gas equip- 
ment, water-gas holder, rotary exhauster, steam engine and purifiers, a hydrogen bench (gen- 
erators), hydrogen scrubber and purifiers and a hydrogen holder. Steam of 60 to 80 lb. 
pressure is used. The retorts of the hydrogen bench are heated by means of the blow gases 
of the water-gas generator. 

6661. Single-Retort System. Messerschmitt 17 has described a great variety of 
single-retort plants for the iron-steam process. One style of retort described by him 
consists of two cast-iron cylinders, one being so supported that it is free to expand 

M U. 8. Pat. 1.040.218, Oct. 1. 1912; Brit. Pat. 11,878, 1910. 

17 Brit. Pat. 18,942 of 1913. 
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upwards, the other able to expand downwards. The annular space between the 
two cylinders is filled with suitable iron ore, while the circular space inside the 
smaller cylinder is filled with a checkerwork of refractory brick. The plant is 
operated by first heating the refractory bricks by means of water-gas and air. 
The heating of the checkerwork is communicated by conduction to the ore mass; 
when this is at a suitable temperature (about 750° C.) the gas supply is shut and 
water-gas enters, passing up through the ore and reducing it. When the reduc- 
ing gas reaches the top of the annular space it mixes with air entering by an inlet 
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and the unoxidized portion burns, heating up the brickwork, and finally passing 
away to the chimney. 

6662. When reduction is complete (after about twenty minutes) the gas 
inlets are closed, and steam is admitted. This passes upwards through the 
checkerwork becoming superheated, and then down through the contact mass 
where it is decomposed, producing hydrogen, which passes out through a water 
seal and thence to a gas-holder. Where very pure hydrogen is required, a purging 
can be interposed. 

6663 . In another type of furnace Messerechmitt makes use of apparatus as shown in 
Fig. 152. The reaction is carried out at different planes in this furnace. The walls are pro- 
vided at different heights with heating channels cc. The gas and air notzles 1, 2, 3 and 4 are 
so disposed that the heating gases are discharged tangentially into the furnace in such a man- 
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ner as to prevent local overheating of the iron. The oxidised iron in the different sones of the 
furnace is successively reduced and heated and the waste gases from one sone are burned by 
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6664 . In Fig. 153 is shown a hydrogen-generating apparatus designed by Strache.* K is 
a gas producer, the gas from which passes through the reaction chamber E % containing iron 
filings, and is burned in the checkerwork R. On passing steam through the checkerwork 
in a reverse direction the steam becomes superheated and when brought into contact 
with the iron filings in E hydrogen is produced and is withdrawn at W. Another 
apparatus designed by Strache 38 is shown in Fig. 154. The water-gas generator 2, pro- 
vided with inlets 25 and 4, for steam and air respectively, is connected with the reaction cham- 
ber 6, by the pipe 5, provided with a gas-discharge pipe 24. Just above the place where the 
pipe 5 enters the reaction chamber is a baffle 22, and on the opposite side of the chamber is a 
similar baffle 23. A branch from the air-supply pipe opens just below the baffle 22, and simi- 
lar branches open at 8 and 9. The reaction chamber 6 is divided into compartments by 
gratings on which the iron reaction material is placed. In the upper part of the chamber, 
above a regenerator 10, are purifying retorts 11, the gas to be purified entering by 20 and the 
purified product leaving by 21. When the apparatus has been brought to the proper tempera- 
ture and is ready for the production of hydrogen, steam is introduced through the pipe 14, 

below the valve 13, so as to displace any 
gases from the pipe 5 and the ash-pit 15. 
Steam is then introduced through the 
tube 18, below the valve 12, displacing 
gas from the reaction chamber from the 
top downwards. The hydrogen produced 
passes away through 19 to a holder, 
from which it may be passed through the 
pipe 20 into the purifying retorts 11, 
charged with potash lime. 

6666. Elworthy 40 places the iron in 
a large number of separate trays of 
refractory firebrick or the like, each 
adapted to contain a shallow layer of 
iron in finely divided form and to be 
built up in successive layers from bottom 
to top of the fufnace, so as to form a 
close-lying refractory filling (Fig. 155). 
The trays are open at their ends to 
enable the steam or gas to pass freely over 
them in contact with the iron when built 
up, and they have supporting flanges for 
supporting the under face of one tray at 
a suitable distance from the material on 
the tray below, and this under face of 
the tray radiates a quantity of heat onto 
the shallow layer of metallic iron during 
the heat-absorbing or oxidizing stage, 
while at the same time superheating the 
steam as it passes along the narrow shal- 
low channel between the upper and lower 
series of trays. When the trays are built 
up in the furnace, they form a number of narrow flues containing a shallow layer of iron and 
running in a zigzag course from bottom to top of the furnace and affording free passage for 
the steam or reducing gas. These narrow flues, so to speak, divide up the mass of refractory 
material into a cellular structure such that the gases can pass freely through the cell flues over 
the iron. 

6666. An apparatus employed by the Internationale Wasserstoff-Aktien-Gesellschaft is 
shown in Fig. 156. On the left is a gas producer supplying fuel gas to heat the two vertical 
retorts shown on the right. The heating gases and products of combustion move in the direc- 
tion indicated by the arrows and finally pass to an exit flue. The valves a and b are opened 
and water-gas flows through the iron ore filling the retorts, reducing iron oxide to finely 
divided metallic iron. When reduction has sufficiently progressed the valves a and b are 
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38 Brahmer, Chemie der Gase, 91. 

" Ger. Pat. 253,705, Oct. 26, 1910. 
40 U. S. Pat. 778,182, Dec. 20, 1904. 
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cl °Bcd and the threo-way valve e ia opened. Steam is admitted by the valve d and hydrogen is 
withdrawn at e. \\ hen the iron becomes reoxidized the steam is shut off and the oxide again 
reduced by water-gas. The reducing gases after passage through the retorts are burned in the 
combustion chamber. The hydrogen exhibits a purity approaching 98 por cent at a cost of 
4 cents per cubic meter. 41 

5667. Schaefer 41 produces hydrogen from steam in an apparatus which consists of a core 
ot coarse material such as iron bars, stones, etc., while the outer portion of the contact sub- 
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stance consists of finer pieces of iron. It is claimed that by this method a more equal distribu- 
tion of heat is obtained than would be were all the particles of the same size. 

Figure 157 is a view of the hydrogen generator, b and b j being the coarse and fine iron 
material respectively. A layer of stones, a and <J|, is placed at the top and bottom l>ettcr to 
utilize the heat generated and to give an advantageous control over the reactions which take 
place. 

41 Chemxe der Case, Brahmer, Frankfort, 1911, 93. 

41 U. S. Pat. 1.144.730, Juno 29, 1915; Brit. Pat. 16,140, 1914; Chem. Abst ., 1926, 98; 
Ger. Pat. 291,022, July 15, 1913; 1915, 824; Chem. Abat., 1917, 873. C/. U. S. Pat. 

1,172,908, Feb. 22, 1916. 
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5668 . Rogers uses a cast-iron retort which is rectangular in cross-section, having one side 
longer than the other; the gases are caused to flow through the retort in a direction trans- 
verse to its longer axis. 41 

5669 . Rochet 44 constructs and works an apparatus with a view to regulate the tempera- 
ture during the reduction phase within limits which will prevent deposit of carbon either from 
carbon monoxide (low temperature) or from hydrocarbons (high temperature). This ho 
effects by placing tho reacting mass in an annular compartment between two cylindrical ves- 
sels through which heating gases flow continuously, in a circuit independent oj that of the reduc- 
ing Qaete. 

5670 . The apparatus and processes sponsored by L’Oxyhydrique Fran$aise are intended 
to make the steam-iron method of hydrogen manufacture more economical. In the iron-stoam 
process tho regeneration of the metal is effected by reducing gases produced in blast furnaces, 
gas works, coke-ovens, metallurgical plant and liko installations, the reducing gases being pref- 


f H 
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erably used in excess and preheated by waste gases. When coke-oven gases are employed 
for the reduction they are heated by passing them through brick heat recuperators in which 
tho reducing apparatus is situated. Burnt gases, after heating the ovens, pass through the 
iron oxide and finally give up their heat to the usual brick piles of the recuperators. The coke- 
oven gas preheated in tho recuperators passes on to the reducing apparatus containing the 
hot iron oxide, tho issuing gas containing the excess reducing gases being employed in any 
part of the plant. In a second example coal gas is used for the reduction after the recovery of 
by-products and desulphurization, and the coal gas is preheated in the dampers in which the 
drawn coke is extinguished. In a third example the reducing gas is produced independently 
of the furnace plant, and is preheated by waste heat. 44 


41 Brit. Pat. 251,124, May 29, 1925, to Rogers. 

44 U. S. Pat. 1.617,905. Feb. 15. 1927. 

44 Brit. Pat. 206,822, Oct. 17, 1923, to L’Oxyhydriquo Frangaise; Chem. Abet., 1924. 1183. 
Cf. Ger. Pat. 433,519, Mar. 3, 1925; Brit. Chem. Abet., 1917 , 482B. 
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6671. Hydrogen-Producing Apparatus. 48 Steam is passed through a number of cylin- 
drical chambers, constructed of refractory brickwork, and containing metal oxides of a reduc- 
ing character; the chambers may be lined with sheet iron. The outlets of the chambers are 
connected to branch collecting pipes and are provided with throttles for the regulation of the 
gas flow through each individual chamber. 

6672. Parsons 47 describes a substantial modification of the usual process. Pyrophoric iron, 
produced by the action of producer gas on ferrous oxide below 600°, is treated with steam 
(below 700° to prevent the formation of magnetic iron oxide) ; the hydrogen is recovered and 
the ferrous oxide produced is used again in the process. 

5672 A. According to another proposal steam is passed through carbon raised electrically 
to incandescence, and hydrogen is obtained from the water-gas produced by removal of the 
carbon dioxide, etc. Alternatively, the water-gas is employed to reduce ferric oxide and, after 
removal of the excess steam and carbon dioxide, is repassed through the incandescent carbon 
together with the requisite quantitiy of steam ; the reduced iron is used to decompose further 
quantities of steam, the first, impure hydrogen thus obtained being added to the circulating 
reducing gas and the pure hydrogen subsequently obtained being used for the preparation of 
ammonia. 47- 

6672B. Hydrogen is prepared by decomposition of steam by metallic iron; the metallic 
iron is regenerated by coke-oven gases or other gases containing hydrogen and methane; to 
furnish the amount of heat necessary to operate this reduction a part of the gas is burnt with 
air or oxygen. 474 

5672C. A device is described for varying the flow of steam in the production of hydrogen 
by passing steam over iron. 47 * 

6673. Michalski 48 describes a process which is not easy to classify. Car- 
bon (coke) is completely oxidized to carbon monoxide by molten ferrous oxide, 
produced by the action of oxygen on molten iron. Hydrogen may be generated 
by the action of superheated steam on the metallic iron. 

6674. Further References on the Steam-iron Process * 

Belou. Brit. Pat. 7518, May 25, 1887. (£). 

Bosch. U. 8. Pat. 1,102,716, 1914. (E). 

Caro. Ger. Pat. 249,269, Aug. 30, 1910. (E). 

Edwin. French Pat. 612,238, Oct. 8, 1925. Waste gases of process passed through high- 
tension electric arc and returned to the process. Brit . Chem. Abst., 1927, 409B. 

Gautier and Clausmann. Compt. rend ., 1910, 151, 355. (E). 

Gerharts. Ger. Pat. 226,543, June 23, 1909. (E). A process using molten metal. 

Lewes. Brit. Pat. 20,752, Dec. 19, 1890. (E). 

Pintsch A.-G. French Pat. 466,739, Dec. 30, 1913; Chem. Abst., 1915, 1376. (E). 

Ramage. U. S. Pat. 1,224,787, May 1, 1927. (E). 

Saubermann. Brit. Pat. 401, 1911. Addition of catalytic metals. (E). 

Spitxer. U. S. Pat. 1,118,595, Nov. 24, 1914 (E). Brit. Pat. 6,155, 1914; Chem . Abst ., 
1914, 920 and 1915, 29. 

Taylor. Industrial Hydrogen, 1921, 25-59. 

Tully. Brit. Pat. 16,932, 1915; J.S.C.I. , 1917, 540. (E). 

Vignon. French Pat. 373,271, Jan. 2, 1907. (E). 


44 Brit. Pat. 230,046, Feb. 17, 1925, to L’Oxyhydrique Fran$aise. 

47 U. S. Pat. 1,658,939, Feb. 14, 1928, assigned to Metal Res. Corp.; Brit. Chem. Abst., 
1928, 262B. C/., Can. Pat. 264,830, Oct. 5, 1926, to Peacock. 

47- Norsk Hydro-Elektrisk Kvaelstof-A.S., French Pat. 627,665, Jan. 18, 1927; Brit . 
Chem. Abst., 1930, 312B. 

476 Bamag-Meguin A.-G., French Pat. 668,929, Feb. 4, 1929; Chem. Abst., 1930, 1710. 
See also French Pat. 669,777, Feb. 18, 1929, to the same concern. 

47 ‘ French Pat. 662,871, Oct. 24, 1928, to Comp, de Prod. Chim. et Electrometallurg. 
Alais, Froges et Camargue; Chem. Abst., 1930, 475. 

41 Brit. Pat. 226,500. Dec. 17, 1923. 

* In these references (E) means : Ellis, Hydrogenation of Oils, 2nd edition. 
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HYDROGEN (II) 

The Water-gas Catalytic Process 

6700 . Within a certain range of temperature and in presence of suitable cata- 
lysts carbon monoxide and steam react with one another. The reaction is 
expressed by the equation: 

CO + H,0 ^ CO, + H, 

The products are, therefore, a mixture of hydrogen, carbon dioxide, carbon mon- 
oxide and water vapor. If conditions are favorable for the equilibrium to tend 
to the right we get a gas mixture containing little monoxide and much dioxide 
and hydrogen. Carbon dioxide is much more easily removed from gas mixtures 
than is the monoxide. 

6701 . This reaction is the basis of a rapidly developing hydrogen process. 
Water-gas is passed over catalysts: the mixed gases are scrubbed with water 
under pressure: the residual carbon monoxide is removed by absorption and pure 
hydrogen (mixed in practice with nitrogen, argon, etc.) is obtained. 

6702 . The process was foreshadowed in an article by Hembert and Henry 1 
who passed superheated steam over coke heated to redness, whereby a mixture 
of hydrogen and carbon monoxide was formed. This mixture was led into a sec- 
ond retort filled with refractory material, also heated to redness. In the second 
retort steam was allowed to enter heated to its point of dissociation. The gases 
acted upon one another, hydrogen and carbon dioxide being formed. The car- 
bon dioxide was absorbed by milk of lime. In this way 3200 cu. m. hydrogen 
are said to have been obtained from 1 ton of coke. 

6703 . One of the earliest descriptions is that by Naher and Muller who 
prepared water-gas by blowing superheated steam into a generator filled with 
coke, which had been heated to about 1000° C., and exhausted, and passed the 
gas produced, mixed with superheated steam, over a contact mass of rhodium- 
or palladium-asbestos at 800° C. The resulting hydrogen then was freed from 
the accompanying carbon dioxide. 2 

6704 . Buchanan and Maxted 3 prepare hydrogen by passing a mixture of 
carbon monoxide or gases containing carbon monoxide and steam over a cata- 
lyst consisting of an alkali ferrite which has been lixiviated so that a portion of 
the alkali is removed; the alkali ferrite may be prepared by roasting ferric oxide, 

1 Compt. rend., 1885, 101, 797. 

2 Ger. Pat. 237.283 of 1910. 

» Brit. Pat. 6,476, Mar. 14, 1914; J.S.C.I. , 1915, 177; Chem. Abat., 1915, 2434. 
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from burnt pyrites, with sodium carbonate. Another method of producing hydro- 
gen due to Buchanan and Maxted 4 depends on the interaction of carbon mon- 
oxide and steam in the presence of a catalyst consisting of or containing a metallic 
couple; iron-copper or iron-silver couples are suitable. The catalyst may be 
made from lixiviated alkali ferrite, by reducing the ferric oxide therein to the 
metallic state by hydrogen, moistening with a solution of copper nitrate, and 
finally heating, preferably in a current of reducing gas, or washing, to remove 
nitrates. Gases containing carbon monoxide may be used instead of carbon 
monoxide in a state of purity. The couple is heated to 500° C. while passing car- 
bon monoxide and an excess of air over it. 

5706 . The catalytic process for the manufacture of hydrogen has acquired 
great importance because of the immense quantity of hydrogen made by it for 
ammonia synthesis. As worked for this purpose it is known as the B. A. M. A.-G. 
and, in the Bosch modification, is the sole source of hydrogen now used by the 
Badische Company for ammonia synthesis. This particular process uses as 
“ raw material ” a mixture of water-gas and producer-gas and furnishes a mixture 
of hydrogen and nitrogen in the ammonia proportions. 

5706 . The reason for using producer-gas in the Bosch process, instead of the 
simpler method of admitting air to the water-gas generator during the “ making ” 
stage, is economy. Producer-gas can be made from fuel of a much lower grade 
than can be used for making water-gas. For other hydrogenations the gas for 
the catalytic process must be water-gas. Even with this there is some nitrogen 
and this gas will accumulate during the cycle of operations. 6 

5707 . The water-gas is carried with excess of steam, through converters, at 
400°-600° C., over catalysts. Excess of steam is favorable for conversion. At 
400° C., with 3 volumes of steam per unit volume of gas the equilibrium mixture 
contains 0.45 per cent of carbon monoxide: with 5 volumes of steam it contains 
0.26 per cent. The converters are carefully lagged and with efficient heat con- 
servation the reaction heat will maintain the necessary temperature. A little air 
is occasionally admitted if there is a loss of heat causing a fall of temperature. 
In practice about 90 per cent conversion is attained. 

6708 . Patart has devised a vertical column heat exchange and water recovery 
apparatus for economical working of the catalytic water-gas process. 6 Gross- 
mann 1 * describes a hydrogen producer for intermittent working of contact 
chambers. 

4 Brit. Pat. 6,477, Mar. 14, 1914; Chem. Abat ., 1915, 2434; J.S.C.I. , 1915, 552. 

6 The principal Badische Co. patents covering this process and its modifications are: 
U. S. Pats. 1,113,096, Oct. 6. 1914, 1,113,097, same date, 1.115,776. Nov. 3, 1914, to Bosch 
and Wild; French Pat. 459,918, July 2, 1913, to Badische Co.; Austrian Pat. 72,430, Sept. 
11, 1916, to Badische Co.; French Pat. 463,114 of 1913; Ger. Pat. 297,258, Sept. 11, 1914 
(addition to Ger. Pat. 292,615); Ger. Pat. 282,849, 1913; Ger. Pats. 292.615, 1912, and 
293,943, 1913, all to the Badische Co.; U. S. Pats. 1,157,689 of 1915, and 1.200.805 of 1916, 
to Bosch and Wild; Ger. Pat. 279,582 of 1913, and Brit. Pats. 27,117 of 1912, 27,963 of 1913, 
to Badische Co.; Swiss Pat. 71,803 of 1916; Norwegian Pat. 26,689 of 1916; Ger. Pat. 
284,176 of 1914, to Badische Co.; Brit. Pat. 12,978 of 1913, to Badische Co. and U. S. Pat. 
1,128,804 to Mittaach and Schneider. 

• Brit. Pat. 228,153, Jan. 21, 1924. 

••Ger. Pat. 458,187, July 9, 1926; Bril. Chcm. Abat., 1930, 283B. 
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6708A. In the production of hydrogen from water-gas, the reaction tubes 
are surrounded at the lower ends by water jackets and at the upper ends by a 
jacket through which water-gas circulates. The hot reaction gases vaporize 
the water and carry steam with them. 64 

6709. Catalysts for the Water-gas Process. According to the Badische Co.’s 
own published descriptions and those furnished by Bosch, Wild, Mittasch and 
Schneider the catalysts used are of the most varied types. But it is believed 
that, in practice, an iron oxide catalyst with a promoter, such as a chromate, 
is in almost exclusive use. However, we will give the published descriptions. 



Outlet 

Fio. 168. — Diagram or Badische Co. Converter for the Catalttic Wateh-oab Process. 


6710. Bosch and Wild produce hydrogen by passing carbon monoxide and 
Bteam over a catalytic material consisting of nickel or cobalt or non-raetallic 
refractory material, which may be molded into porous blocks. Iron may be sub- 
stituted for nickel and cobalt provided it is supported on an inert substance. 
Bosch and Wild have found that it is possible to carry out the reaction to good 
advantage by passing carbon monoxide and steam over a form of catalytic agent 
containing at least 30 per cent of finely divided nickel and more than 70 per cent 
of non-metallic, indifferent, refractory and porous material, the catalytic agent 
being porous and shaped into the form of blocks, tubes, rods, or the like. It is 
stated that excellent results can be obtained by preparing an oxide, hydroxide or 

“Brit. Pat. 324.158, Nov. 19, 1928, to I. G.; Chem. Age (London), 1930 , 308; BriL 
Chem. Abet., 1930 , 208B. 
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carbonate of nickel, either by precipitation from solutions of its salts, or by heat- 
ing suitable salts, such for instance as the oxalate or nitrate, while avoiding too 
high a temperature, then molding the resulting products and if necessary heating 
before introduction into the reaction furnace. The action of the catalytic agent 
is very satisfactory at temperatures of about from 400° to 500° C., or even less 
down to 350° C., but temperatures above 650° C. should be avoided. It is advis- 
able to keep both the catalytic agent and the gases free from substances such as 
sulphur and chlorine which have a deleterious action. The following illustrates 
the method of producing a catalytic agent and of producing hydrogen by its 
means. Prepare a nickel hydroxide paste by introducing 5 parts of 25 per cent 
milk of lime into 7 parts of molten nickel nitrate, add 10 parts of precipitated 
green nickel oxide (NiO), knead the whole well, mold into the shape of 
briquets and heat up to 500° C. Then place the briquets in a suitable furnace 
and pass through it a mixture of pure carbon monoxide with an excess of steam, 
while maintaining a temperature of about 500° C. 

6711. A catalyzer containing cobalt is prepared as follows: 

Mix together 10 parts of finely divided cobalt oxide (prepared by raising 
cobalt nitrate to a red heat), 1 part of calcined magnesia, and 2 parts by volume 
of a 50 per cent magnesium nitrate solution. Press the mixture into small bri- 
quets, dry and heat up to 500° C. 

When using an iron catalyzer, the following formulas are recommended: 

(1) Add a solution of 100 parts of calcined sodium carbonate in 500 parts of 
water to a solution of 250 parts of ferrous sulphate in 500 parts of water. Filter 
off the precipitate and wash it, and then, without drying, mix it with 5 parts of 
slaked lime and dry until a paste is obtained which is then kneaded, rolled out, 
cut into cubes, dried, and heated at about 500° C. Instead of slaked lime, an 
agent can be employed which decomposes upon being heated, such for instance 
as 14 parts of calcium nitrate, or a mixture of 14 parts of calcium nitrate and 6 
parts of ammonium nitrate. 

(2) Knead to a paste 10 parts of finely divided iron oxide, such, for instance, 
as the crocus martis of commerce, and a solution of 4 parts of aluminum nitrate 
in 4 parts of water. Form this paste into pieces of the desired shape, which then 
dry and heat at 400° C. in a current of air. In this example, the aluminum 
nitrate solution can be replaced by, for instance, a solution of 3.5 parts of mag- 
nesium nitrate in 3.5 parts of water. 

(3) Melt 40 parts of crystallized ferric nitrate at from 50° to 60° C. and stir 
in a mixture of 5 parts of caustic lime, 15 parts of water and 2 parts of caustic 
potash. Then mix this product with 50 parts of precipitate which has been 
obtained according to (1) and then dried, work the mixture in a kneading machine 
until a plastic mass is obtained, roll this out, cut it into cubes, dry it and heat at 
500° C. Sometimes it is desirable to pass over it a current of air or of carbon 
dioxide. 

(4) Heat and stir ferric nitrate at 180° C. until its nitric acid is almost com- 
pletely driven off, pass the residue through the finest sieve and mix 10 parts of 
this with 1 part of calcined magnesia, moistening it with a solution of 1 part of 
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potassium carbonate in 1.6 parts of water. Press the mass into briquets, dry 
them and heat to about 600° C. 

(5) Boil 2.5 parts of wheat starch with 15 parts of water until a stiff paste is 
obtained, stir in 1 part of potassium carbonate, add 20 parts of iron oxide obtained 
by carefully heating iron oxalate to a temperature not exceeding 600° C. Knead 
the whole until a plastic mass is obtained, form it into briquets, dry it and heat 
at about 600° C. In this example, gum tragacanth, dextrin, or gum arabic, can 
be employed instead of the starch. 

(6) Mix 9 parts of ferric oxide hydrate with 1 part or more, of ferric oxalate 
and then work up the mixture to a paste with a solution of 2.5 parts of calcium 
nitrate in 2 parts of water. Press the paste into suitable shapes and dry slowly 
in a current of air at about 500° C. Then pass a mixture of pure carbon mon- 
oxide with an excess of steam over the catalytic agent thus obtained, while main- 
taining a temperature of about 500° C. 

(7) Pass a current of carbon monoxide mixed with steam over iron in a state 
of fine division which has been preferably molded in a briquet press, at the same 
time gradually heating the catalytic agent, but avoiding temperatures above 
600° C. 

(8) Mix ferric oxide hydrate with sufficient concentrated calcium nitrate 
solution to obtain a paste of suitable consistency, then bring this paste into suit- 
able shapes and dry it in the contact furnace while gradually raising the tem- 
perature to about 500° C. Then pass a mixture of carbon monoxide and steam 
over the catalytic agent, while avoiding temperatures above 600° C. Even if the 
gases are passed rapidly through the reaction furnace, an almost complete con- 
version of the carbon monoxide into carbon dioxide takes place. 

(9) Heat ferric nitrate to about 200° C. so as to convert it into oxide. Moisten 
the latter with aluminum nitrate solution and then mold it into suitable shapes 
and heat it at about 400° C., until the nitrous gases are driven off. Then place 
the catalytic agent in the contact furnace and pass a mixture of carbon monoxide 
and steam through the furnace while avoiding temperatures above 600° C. 

6712. Contact masses prepared by saturating pumice with a solution of nickel 
or cobalt chloride and subsequently igniting, are stated by the Badische Co. not 
to be satisfactory in the production of hydrogen from carbon monoxide and 
steam. Good yields of hydrogen are obtained, however, by using contact masses 
prepared by impregnating suitable materials with relatively small quantities of 
solutions of nickel salts free from halogens and sulphur. 

6713. In addition, the Badische Co. say that suitable catalytic mixtures con- 
sist of iron, nickel, or cobalt or their oxides, mixed with oxygen compounds of 
chromium, thorium, uranium, beryllium, or antimony; iron mixed with less than 
its weight of nickel; iron oxide of low activity coated with finely divided iron 
oxide prepared at a low temperature, or zinc, lead, copper, vanadium, manga- 
nese or titanium, together with a promoter. The contact masses may be in the 
form of powder, porous lumps, etc., and binders, carriers, etc., may be added. 
The presence of chlorine, phosphorus, bromine, or silica in the catalytic mixture 
should be avoided. The following examples of the preparation of the catalytic 
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mixtures are given: A mixed solution of ferric and chromium nitrates, with or 
without aluminum nitrate, is precipitated by ammonia and the hydroxides are 
filtered off and pressed into suitable shapes; a mixture of ferric nitrate, ammonium 
chromate, and thorium nitrate, is heated to give the oxides; a solution of ferric 
nitrate, nickel nitrate, and chromium nitrate is precipitated by potassium car- 
bonate and the precipitate filtered, washed, shaped, and dried; fine meshed wire 
netting is treated with ferric nitrate solution, and heated to decompose the 
nitrates; chromium nitrate or acetate is precipitated by ammonia, the hydroxide 
is mixed with precipitated zinc oxide, shaped and dried; beryllium oxide may 
also be used; a mixture of lead nitrate or lead acetate and uranium nitrate solu- 
tion is precipitated with ammonia, the precipitate is filtered, made into lumps, 
and heated; copper and zirconium nitrate solution is precipitated by sodium car- 
bonate or potassium carbonate, filtered, the alkali salt washed out partly or com- 
pletely, and the product molded and dried; mixtures of oxides of manganese and 
chromium, titanium and antimony, vanadium and chromium or chromium and 
thorium are also suitable; aluminum oxide, alkali carbonates, etc., may be added 
as binding agents or promoters; a solution containing cerium and chromium 
nitrates is precipitated with ammonia, the precipitate filtered off, partly dried, 
made into a paste, shaped, and dried; other rare-earth salts may replace the 
cerium nitrate. 

6714. The Badische Company also employ as catalyst, spathic iron ore, or a 
hydroxide iron ore, which has not at any stage of the process been subjected to a 
temperature appreciably higher than 650°. The catalyst may be employed in 
the form of grains, or may be made into shaped pieces with the aid of binding 
agents, such as hydroxides or salts of iron, aluminum, etc. The presence of phos- 
phorus, sulphur or silicia is objectionable. 

6716. Evans and Newton 7 undertook to determine the activity and robust- 
ness of certain catalysts for the catalytic water-gas hydrogen process. For details 
of their method (small scale laboratory) the original must be consulted. What 
they sought, of course, was a catalyst, robust and cheap, sufficiently active to 
catalyze the reaction at a temperature (380°-444° C.) favorable in equilibrium 
conditions. Of all those they tried, catalysts containing cobalt oxide, pure 
or promoted and supported, were the most active. Unfortunately the cobalt 
catalyst is short-lived in presence of even small quantities of sulphur compounds 
in the gas. On the whole, for ordinary working conditions, iron catalysts seemed 
most satisfactory. Of these a mixture of artificial hydrated magnetite with 
alumina (2-5 per cent) and potassium oxide (1 per cent) was the best. It is 
reduced in activity by presence of sulphur compounds, but attains a constant 
activity even in these conditions, and can be restored to full activity by passage 
over it of pure water-gas. 

6716. Another triple catalyst material containing iron and potassium oxides, 
with manganese oxide, is proposed by Heissler. 8 For the catalytic steam water- 
gas hydrogen process at 500°-600° C., Heissler prepares a catalyst by heating to 

7 Ind. Ena. Chem., 1926. 18, 513. 

8 U. S. Pat. 1.672.528, Juno 5. 1928. 
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approximately 800° C. a mixture containing iron as its major ingredient and 
potassium and manganese as minor ingredients. 

6717. According to Bray and Doss 9 certain samples of dry manganese and 
copper oxides when ground together form a catalyst which is much more efficient 
in the catalytic oxidation of carbon monoxide than the constituent oxides. No 
change in efficiency occurs when the granules of mixed oxides are powdered, but 
powdered single oxides are less efficient than the granules. 

6718. Giilker 10 combines the catalyst mass with material capable of absorb- 
ing the carbon dioxide formed (such as an alkaline earth oxide). His object 
is, probably, to improve the equilibrium conditions. A mixture of water-gas 
with a slight excess of steam over that required to convert the carbon monoxide 
into dioxide is passed over a heated mixture, in granular form, of a catalyst and 
a substance capable of combining with the carbon dioxide produced. The cata- 
lytic mass is regenerated by heating in a current of air. Spathic iron ore may be 
used as catalyst. See following paragraph. 

6718A. The absorbent and catalytic material for the absorption of carbon 
dioxide from gas mixtures comprises approximately equimolecular proportions 
of calcium and magnesium oxides, obtained by calcining dolomite. 10- 

6719. Lazier 11 has catalysts for the catalytic water-gas process obtained by 
heating to decomposition a double chromate of a nitrogenous base and zinc, cop- 
per, cadmium, magnesium, manganese, silver or iron. The mass is leached with 
dilute acetic acid. Examples are: catalysts made from basic zinc ammonium 
chromate, zinc dichromate tetrapyridine and manganese ammonium chromate. 

6720. Dominik 12 prescribes a catalyst for the water-gas process which is 
based on the equation: SFeCO* + HNOi + 4HjO = 3Fe(OH)i + NO + 3COj. 
The activity of this catalyst is maintained at 390° with a water-gas containing 
CO* — 7.5, CO — 17 and H — 55 per cent. Dominik lays down that those 
metals only whose sulphide is readily hydrolyzed by water vapor can act perma- 
nently as activators in presence of sulphur compounds. Thus, the iron catalyst 
can be activated with chromium or aluminum, but not with cobalt or manganese. 

6721. Dominik 19 has also elaborated an equation to express the activity of 
a catalyst for the reaction CO + HtO COi + H t . Where b is the catalytic 
activity: b = V/[(K - l)(xi - x,)] X log,[(x - x,)/(x - X!)][(x 0 - Xi)/(x 0 - x,)], 
with b constant for a given temperature and size of grain of the given catalyst, 
K is the velocity coefficient of the above reaction, V the velocity of flow 
of the reaction mixture in cubic centimeters per hour per gram of catalyst, 
x and x 0 are the partial pressures of carbon dioxide respectively during and before 

9 J. Amer. Chem. Soc., 1926, 48 2060; Brit . Chem. Abst., 1927 917A. 

10 Ger. Pat. 446,488, July 31, 1920; Brit. Chem. Abst., 1928, 816B; Brit. Pat. 275.273, 
July 30. 1926; French Pat. 647,257, July 20, 1927. 

l0m Gdlkcr, Brit. Pat. 301,499, Nov. 21, 1928; Brit. Chem. Abst., 1930, 418B. Cf. para. 
6723. 

11 Brit, application 301,806, convention date June 12, 1926, assigned to Du Pont de 
Nemours Co.; Chem. Aye (London), 1929, 130. 

19 Przemysl Chem., 1927, 11, 557; Chem . Abst., 1929, 13, 1997. 

11 Przemysl Chem., 1928, 12, 229. 
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the reaction, and X\ and the roots of the equation x(p 0 Hi + x — x 0 )/{p<>CO — 
(x — x 0 )| {poHjO — (x — x 0 )} — K = 0. The values of b are shown experi- 
mentally to be constant for a gas mixture of the above type. 14 

6722. Blake’s improvement 16 on the water-gas catalytic process is defined 
negatively. It consists in the exclusion of iron group metals (iron, nickel, cobalt) 
from the catalyst and from the walls of the reaction vessel. This is said to reduce 
the tendency to carbon deposition. This exclusion is not absolute. If the walls 
are free from the iron group metals, the catalyst may contain a small quantity 
of iron: the increase of activity thereby gained compensates fof the slight deposit 
of carbon. One catalyst mentioned consists of a dried chromium hydroxide gel. 
Others are: copper oxide and manganese oxide, chromium oxide and tungsten 
oxide, manganese oxide and vanadium oxide. 

6723. Magnesia as catalyst in hydrogen production from carbon monoxide 
and steam is specified by Bomke. 18 By the use of calcined dolomite catalyst and 
absorbent (for carbon dioxide) are combined. 17 

6724. Grenier 18 uses wood charcoal in the water-gas hydrogen process, pass- 
ing the gas with steam over the charcoal at 375° C. 

6724A. Base-exchange bodies have been suggested as catalysts for hydrogen 
production. 18 - 

6726. A process, due to Humphrey, is specially intended for use when the less 
exigent methanol synthesis can be run in series with the ammonia synthesis. 
Semi-coke in lump form is made from slack coal of high caking power by car- 
bonizing below 600° after preheating in presence of oxygen to control its caking 
properties. The semi-coke, which may be further heated at 800°-900° to drive 
off volatile matter, is fed direct from the retort to a water-gas generator operated 
with excess of steam and having a shallow fuel bed, and the resulting gas mixture 
is compressed and treated with excess of steam above 800° in the presence of a 
catalyst, e.g., nickel, to convert methane into carbon monoxide and hydrogen. If 
hydrogen for ammonia synthesis is desired the carbon monoxide is converted into 
carbon dioxide by treatment with steam in the presence of an iron oxide catalyst 
at about 500°, the carbon dioxide being removed, preferably by dissolution in 
water under pressure. 19 

6726. Similarly, Williams 20 passes hydrogen containing 2 to 10 per cent car- 
bon monoxide under a pressure of 900 atmospheres at 400° over a catalyst made 
by heating zinc carbonate or a mixture of zinc and chromic hydroxides at 400°. 
In this way the carbon monoxide is converted into methyl alcohol, which is 

u Brit. Chem. Abst .. 1938, 968B. 

18 U. S. Pat. 1,692,811, Nov. 27, 1928, assigned to Lazote, Inc. 

16 Brit. Pat. application 279,128. 

17 Chem. Age, 1928, 17, 578. 

18 Brit. Pat. 271,523. May 23. 1927; Belgian date May 22, 1926. 

la - French Pat. 671,105, Mar. 8, 1929; Chem. Abst., 1930, 1946. 

11 Brit. Pat. 282,573, Feb. 22, 1927, to Synthetic Ammonia and Nitrates, Ltd., and Hum- 
phrey and Canadian Pat. 281,814, July 17, 1928, to Humphrey (the latter assigned to Imperial 
Chemical Industries, Ltd.). 

20 Brit. Pat. 258,887, Sept. 23, 1926, assigned to Lazote, Inc.; Brit. Chem. Abst., 1938, 
30B. 
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removed by cooling the gases, still under pressure, and at the same time acts as 
a solvent for traces of other impurities in the gases. After passing through the 
cooler, the last traces of water and methyl alcohol are removed by means of 
active charcoal, and the hydrogen-nitrogen mixture is then passed directly over 
the ferric oxide catalyst to obtain ammonia. 

6727. Williams 21 also prescribes a catalyst composed of briquetted chro- 
mium oxide gel over which the mixture of steam and carbon monoxide is passed 
at 300°-700° C. 

6727A. Larsorl proposes a catalyst containing copper in free or chemically 
combined form and an oxide of zinc, tungsten, molybdenum, cerium, vanadium, 
manganese, uranium, chromium or magnesium. 2U 

6728. The following description applies to the Oppau plant. The catalytic 
process is conducted at approximately atmospheric pressure. On leaving the 
converter the gas is cooled in heat interchangers whereby the incoming gas is 
preheated. At the same time the excess of steam is condensed. The cool gas is 
compressed to 25-30 atmospheres. It is now sent up through steel towers 30 feet 
high packed with rings. Here it meets a down-flowing stream of water injected 
at the top of the towers. Solution of the carbon dioxide occurs 22 and the scrubbed 
gas passes out. 

6729. The water containing the dissolved gas gives up its compression and 
fall energy by being made to operate Pelton wheels: about 60 per cent of the 
energy used to raise and inject the water is thus recovered. 

6730. The carbon dioxide is collected and used for the gypsum method of 
forming ammonium chloride. Other close-knit economies are effected in char- 
acteristic fashion. 

6731. The gas issuing from the scrubbing towers still contains some carbon 
monoxide. Two methods are available for removing this: (1) removal as for- 
mate by scrubbing with hot concentrated caustic soda solution, (2) absorption 
by ammoniacal cuprous solution. 

6732. The formate method has had many advocates and it received a thor- 
ough trial at the works of the General Chemical Company at Sheffield, Ala- 
bama, but was abandoned because of difficulties due to precipitation of sodium 
carbonate. 

6733. The Badische Company remove the greater part of the residual mon- 
oxide with ammoniacal cuprous formate solution and take out the last traces by 
treatment with 25 per cent caustic solution at 200° C. The gas from the scrub- 
bers is compressed to 200 atmospheres and scrubbed with cuprous formate in 
steel towers filled with balls. Finally it passes through a similar series of towers 
where it is treated with the caustic soda. 

6734. The ammoniacal cuprous formate solution when exhausted is deprived 
of its carbon monoxide by heating at slightly diminished pressure. 

,l Can. Pat. 284,584, Nov. 6, 1928, assigned to The Laaote, Inc.; Chem. Abat., 1929, S3, 
1225. 

2U Larson. Brit. Pat. 311,737, May 15, 1928; Chem. Abat., 1930, 929. 

22 There is also some unavoidable loss of hydrogen by solution. 
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6736. After removal of water the gas is now of a high degree of purity. It is, 
however, sometimes made to pass through a preliminary catalyst chamber to 
insure the removal of the last trace of catalyst poison. 

6736A. Carbon is obtained as a by-product in the production of hydrogen 
by treating water-gas with steam. Carbon dioxide and sulphur compounds are 
removed by washing under pressure with water or ammonia liquor and carbon 
monoxide is absorbed in ammoniacal cuprous solution, from which it is obtained 
by releasing the pressure or heating. This is catalytically decomposed to obtain 
carbon. 22 - 

6736. In Bellay's modification of the water-gas catalytic process, 23 water- 
gas from a gas producer is passed over baffle plates composed of fireclay and 
granulated charcoal on to which is projected a jet of superheated steam whereby 
the carbon monoxide is converted into carbon dioxide with the production of an 
equivalent quantity of hydrogen. The gas stream passes upwards through a 
tower containing milk of lime to remove carbon dioxide and dust, thence through 
a tube packed with soda-lime bricks heated at 800° to remove the last of the car- 
bon monoxide. These bricks are made by slaking lime with a solution of sodium 
carbonate at 95°, screening out the fine material, and mixing it with lime water 
at 50° in a mold; after the vigorous reaction has subsided, the mass solidifies into 
bricks. After use in the purifier, the bricks are regenerated by heating at 850°- 
900° until carbon dioxide ceases to be evolved. 

6737. An improved method of preparing the gas for the catalytic process is 
described by Casale-Sacchi. A mixture of oxygen (with or without nitrogen) 
and carbon dioxide is passed over coke heated to above 1000° C. and the carbon 
monoxide so produced is employed in the catalytic process for the manufacture 
of hydrogen. The resulting carbon dioxide can be reused. The advantage of 
this modification seems to be that catalyst poisons from the fuel are converted 
into easily removable compounds: thus, sulphur appears as the dioxide. 24 

6737A. Meyer and Lichtenberger ^ produce hydrogen by allowing carbon monoxide to act 
on steam, and carbon dioxide on carbon in a bath of molten substance such as rock salt. 
The resulting hydrogen-carbon dioxide mixture is freed from the oxide in tho usual way. 

6737B. Beekley lu proposes a modification of the process of producing hydrogen by the 
action of steam on carbon monoxide. His process comprises subjecting steam, together with 
a portion of the carbon monoxide with which it is ultimately to react, to the action of a heated 
catalyst, and thereafter subjecting the resulting gaseous mixture to one or more additional 
stages in which the gaseous mixture is cooled to subst antially tho temperature at which the 
reactants were first introduced to tho catalyst, by tho addition of carbon monoxide, and 
thereafter the resulting mixture is subjected to reaction in contact with a heated catalyst. 


**“ Brit. Pat. 314,163, April 19, 1928, to Ewan and Imperial Chemical Industries, Ltd.; 
Chem. Abat.. 1930, 1188. 

” Brit. Pat. 284,262, Jan. 19. 1928; Belgian date Jan. 26, 1927; Brit. Chem. Abet., 1929. 
95B. See also French Pat. 664.038, Nov. 16, 1928, to Bellay; Chem. Abat., 1930, 928. 

24 Brit. Pat. 297,135. June 13. 1927; Chem. Abat., 1929. 23, 2539. 

* u Ger. Pat. 478,985, Mar. 22, 1927; Chem. Abat., 1930, 2254. 

244 U. S. Pat. 1,756,934, May 6, 1930, to Du Pont Ammonia Corp. 
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The Lime Process 

5738. If carbon monoxide with steam is passed over lime at 500° C. calcium 
carbonate is formed and hydrogen is evolved. 

CaO + HjO + CO = CaCO, + H,. 

6739. Engels 26 has made a study of the reaction between carbon monoxide, 
water vapor and lime. The investigations show that the most suitable tem- 
perature lies between 450° to 550° C. Below 450° C. the reaction progresses 
too slowly, while above 550° C. the conversion does not go to completion or side 
reactions occur. Engels studied the effect of additions of an oxide, such as iron 
oxide, to the lime in order to catalyze the reaction and found its course to be 
much improved by the addition of a few per cent of such catalyst. The reaction 
is exothermic so no further external heating is necessary after the conversion 
has begun. 

5740. In what is known as the low temperature water-gas process advantage 
is taken of this reaction to get hydrogen directly by acting with steam on coke 
in the presence of an alkali. 

5741. Steam is allowed to act on carbon or carbonaceous matter to which both an 
alkali compound and lime have been added, the effect of the additions according to Dieffen- 
bach and Moldenhauer 18 being to lower the temperature of decomposition and to give hydro- 
gen free from compounds of carbon and oxygen. For example, 100 kilos of charcoal or coke, 
impregnated with a 10 per cent solution of potassium carbonate, are mixed with 500 kilos of 
quicklimo, and the mixture is decomposed by steam at 550° to 750° C. They also claim 17 
the employment of other alkali compounds — such as chlorides and sulphates — for the same 
purpose. The fuel is impregnated with a solution of the alkali compound and dried, or, if 
practical, the fuel is coked after the addition of such compound. A comparatively small 
amount of oxygen may be introduced along with the steam for the purposo of maintaining 
the required temperature inside the decomposition apparatus. Granulated coal or coke may 
be treated with a solution of an alkali silicate or carbonate and the mixture briquetted and 
subjected to the action of superheated steam at temperatures from 550° to 750° C.* 

5742. Vignon 29 describes a horizontal or slightly inclined rotary rotort which is charged 
with coal, anthracite, or coko, and quicklime, and a mixture produced by the rotation of the 
retort. The mixture is heated to 900° to 1000° C. and water or steam passed in until the tem- 
perature falls to 700° C. The gas is withdrawn and air passed through to raise the tempera- 
ture to 900° to 1000° C. and to regenerate the lime. 

6743. In the process of Tessi6 du Motay 30 water-gas mixed with steam is 
passed into a converter containing lime where hydrogen and calcium carbonate 
are formed. Figure 159 shows a plan view of the apparatus, in which A is a 
water-gas generator, B represents purifiers in which sulphur is removed, C desig- 
nates superheaters where steam is mixed with the water-gas. The preheated 

21 U6er die W dseeraloffocwinnuno aus Kohlcnoxyd und Kalkhydrat , Dissertation, Karls- 
ruhe, 1911. 

26 Brit. Pat. 8734, Apr. 11, 1910. 

27 Brit. Pat. 7718, Mar. 30. 1910. 

28 French Pat. 417,929. Apr. 25, 1910. 

29 French Pat. 477.083, May 25, 1914. 

M U. S. Pat. 229,338,-40, June 29, 1880. 
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mixture then passes to a converter shown in Fig. 160. The inclined passageways 
of the latter are filled with lime in contact with which the reaction 

CO + H,0 = CO, + H, 


CO, + CaO = CaCO, # 



progresses, yielding hydrogen gas. In lieu of water-gas, coal gas or the vapor 
of naphtha may be similarly treated. 

6744. The process of the Chem. Fabrik Griesheim-Elektron ,l involves mix- 
ing water-gas with an excess of steam and passing this mixture over lime or 
hydrated lime to which about 5 per 
cent of iron powder has been added. 

The lime is heated to approximately 
500° C. in an upright retort fitted with 
an agitator. 

5745. When Rases containing carbon 
monoxide and steam are conducted over 
calcium hydrate or caustic soda at tempera- 
tures of 450° to 650° hydrogen is obtained. 

This reaction is favored materially by 
employing increased pressure and correspond- 
ingly increased temperatures. In the samo 
period of time four times as much hydrogen 
can be secured as when operating at atmos- 
pheric pressure. Either steam or a mixture 
of steam and gases containing carbon mon- 
oxide is conducted over a mixture of alkali 
or alkaline earth and carbon, or a mixture Fio. 160. 

of steam and carbon monoxide is conducted, 

at an increased pressure, over alkalies or alkaline earths. Pressures of 10 to 100 atmosphorea 
and over are employed. 

11 ZeiUch. /. anqcu). Chem . (1912), 2401; Brit. Pat. 2523, Feb. 2, 1909. 
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5746 . If gases containing carbon monoxide are to be acted upon alone, good yields are 
secured at five atmospheres pressure. With the use of lime, a temperature of 600° to 800° is 
suitable, and with the use of barium hydrate and alkali, a materially lower temperature may 
be employed. Especial advantages are secured by conducting steam, under a pressure of ten 
atmospheres and more, over a mixture of lime and coal or charcoal, almost pure hydrogen 
being obtained. Since the thermal effect is strongly positive, generally the application of 
heat is not required in a sufficiently large apparatus. 

5747 . A tower may be used in which a charge of coal and lime is placed. The coal serve* 
both as a source of heat and for the decomposition of steam. When by air blowing, the 
chargo has been brought to the desired temperature, the supply of air is discontinued, and 
water or steam is conducted, from above, over the mixture, at twenty atmospheres pressure. 
The burned lime is discharged from below, mixed with fresh coal, and returned to the process. 
Brown coal or charcoal is preferred since they react more quickly and at lower temperature* 
than hard coal and coke. 33 

6748 . The production of hydrogen by the action of carbon monoxide and 
steam on quicklime is regarded by Levi and Piva 33 as dependent on the inter- 
mediate formation of calcium formate. 

6749 . Merz and Weith 34 have noted that when moist carbon monoxide is 
passed over soda lime heated to 300° C. or over, hydrogen is formed. A simple 
process for the production of hydrogen based on the observations of Merz and 
Weith has been put forward by the Society qtntrale des Nitrures in Paris . A 
mixture of producer gas and water-gas is treated in the usual way to remove 
carbon dioxide and is then passed over hot lime, which treatment yields a mix- 
ture of nitrogen and hydrogen free from carbon monoxide. The composition 
of the hydrogen-nitrogen mixture may be adjusted by using different proportions 
of the producer gas and water-gas. 36 



5750. Jerrmanowski 34 makes a hydrogen-containing gas with apparatus shown in Fig. 161. 
A kiln B filled with lime is raised to a high temperature by burning producer gas from the 
generator A. As soon as a sufficient heat is attained in B, an injector H blows into B steam 
and petroleum, which are decomposed chiefly into hydrogen and carbonic acid along with 
small quantities of carbonic oxide, marsh gas and other impurities. The gases pass through a 
cooler C to tho gasometer D, and thence to purifiers. 

"Gen Pat. 284,816, Mar. 14. 1914; Brit. Pat. 2523, Feb. 2, 1909; U. S. Pat. 989.955, 
1911, to Ellenberger, assigned to Griesheim-Electron. 

33 1914, 310. 

u Ber. % 1880. 719. See also Ber. 1880, 31. 

34 Sander, Zcitsch f. anQeuj, Chemic, 1912, 2406. 

34 1884, 560. 
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5751 . The New York Oxygen Company produced hydrogen by heating together anthra- 
cite and slaked lime. On passing an excess [of steam over the residue in the retorts the 
reverse action sets in and the slaked lime is reproduced. This sequence may be con- 
tinued many times without renewing the mate rials. 17 

5752 . Ellis * 8 employs a method of making hydrogen involving the treatment 
of lime or lime-material with carbon monoxide, or gases containing carbon 
monoxide. For example, carbon monoxide is passed over hydrated lime or 
carbon monoxide mingled with steam is contacted with lime, the latter being 
heated to a temperature of 450° to 600° C. 

6763 . The monoxide takes oxygen from the water vapor forming carbon dioxide and 
liberating hydrogen and the carbon dioxide combines with the lime to form calcium car- 
bonate. This action is accelerated by the presence of catalytic material such as iron oxide and 
manganese oxide. The reaction is exothermic and once the mass of lime has been brought 
to the reacting temperature, sufficient heat is developed for continuance of the operation 
without the aid of externally applied heat. In fact cooling may sometimes be required as the 
reaction does not progress with as good yields when the temperature is much above 525° or 
650° C. Another consideration is the use of an excess of steam which greatly improves the 
yield of hydrogen. 

5754 . Four to five times as much water vapor by volume as carbon monoxide should be 
present in order to effect substantially complete conversion. Difficulties are experienced in 
treating lime with gases to insure satisfactory absorption of the carbon dioxide, and it is desir- 
able to remove the carbon dioxide as fast as it is formed in order to prevent by mass action 
the repression of the reaction due to the accumulation of the carbon dioxide, in the gaseous 
atmosphere. To carry out the conditions required for the reaction Ellis makes use of a treat- 
ing apparatus comprising a series of superimposed conveyers. These conveyers are con- 
nected by chutes so that the lime and contact material, entering the uppermost conveyer, 
feed downwardly conveyer by converyer and finally discharge from the lowest section. 

6755 . The gas or vapor mixture flows upwardly from section to section in contact with 
lime material which is constantly but slowly moved forward in a direction opposite to the 
flow of the gases or vapors and under these conditions the carbon monoxide unites with the 
oxygen of the water, forming carbon dioxide, which combines with the lime, thus removing 
the carbon dioxide, as such, from the scene of the reaction and enabling a further conversion 
of carbon monoxide into carbon dioxide, so that the gases discharging from the upper section 
of the conveyer may be practically pure hydrogen or hydrogen containing only a small mea- 
sure of contaminating products. 

5756 . The addition of 5 per cent of iron or manganese oxide prepared by drying the pre- 
cipitated hydroxide accelerates the reaction. 

6757. The resulting carbonated lime is removed by a conveyer and is passed through a 
rotary kiln which may be heated by a producer gas or a powdered coal flame, and the lime 
regenerated; care being taken to not overheat the iron or manganese oxide to such an extent 
that its amorphous condition is lost. The regenerated lime, especially if not overheated, 
may be used repeatedly. 

5768. In place of carbon monoxide or water-gas, producer gas, or even the vapors of oil, 
may be mingled with steam and passed over the lime to effect decomposition, thereby liber- 
ating hydrogen both from the oil and the water, forming first carbon monoxide and then 
carbon dioxide which is absorbed by the lime. 

5759 . In the process of Siedler and Henke,** water-gas or other gas rich in 
carbon monoxide is mixed with steam and the mixture passed over lumps of 
lime arranged in superimposed layers in a vertical tower and maintained at a 
temperature of 400° to 750° by heat initially supplied by the gas and by the 
heat of the reaction. 

” JJ3.C.I ., 1887, 02. 

■ U. 8. Pat. 1,173,417. 

» Chem. Absl., 1916, 1708; U. 8. Pat. 1,181,264. 
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Hydrogen as By-product of Phosphoric Acid Manufacture 

6760. When phosphate rock, consisting essentially of tri-calcium phosphate, 
is heated in an electric furnace with carbon and silica a slag of calcium silicate is 
formed and gases are given off containing carbon monoxide and elemental phos- 
phorus. These gases may be burned to carbon dioxide and phosphorus pen- 
toxide, and from the latter phosphoric acid may be made by hydration. But, 
if the phosphorus be treated with steam at about 1000° C., or, in the presence 
of catalysts, at lower temperatures, it reacts with the water forming phosphorus 
pentoxide and liberating hydrogen. 

6761. This forms the basis of an important though local and specialized 
method of hydrogen manufacture. The hydrogen so produced is used in the 
ammonia synthesis and the two end-products, ammonia and phosphoric acid, 
are combined in the valuable fertilizer ammonium phosphate. 

6762. Liljenroth first described 40 a non-catalytic process. This necessi- 
tated an operation temperature of 1000° C., which was not easy to maintain. 
At lower temperatures hydrogen phosphide was formed. But it was found that 
by the use of catalysts a much lower operating temperature was possible with- 
out the production of phosphine. Moreover, if phosphine was present in the 
gases from the electric furnace this was decomposed, the phosphorus was oxi- 
dized and the hydrogen liberated. 41 

6763. The process takes several forms. The temperature of reaction is 
obtained by the admission of air with the steam which burns some of the phos- 
phorus. Since the hydrogen is intended for the ammonia synthesis the nitrogen 
so added is advantageous. The phosphorus pentoxide is condensed or is removed 
as phosphoric acid by hydration. The effluent gases, containing hydrogen, car- 
bon monoxide and nitrogen can be treated in any known manner for the replace- 
ment of the carbon monoxide by hydrogen. Clearly the catalytic process (paras. 
6700 to 5737) is the method of choice. 

6764. In another modification the gases coming from the electric furnace 
are passed through a condenser which retains the phosphorus. The effluent 
carbon monoxide is used to preheat the charge and to raise steam. The phos- 
phorus can be vaporized and treated with steam and air in presence of a cata- 
lyst. This produces a hydrogen-nitrogen mixture free from carbon monoxide. 

6766. The catalysts specified by Liljenroth and Larsson are metals and oxides 
of the eighth, seventh and sixth groups, and noble and semi-noble metals of 
the first groups. Their list comprises: iron, nickel, cobalt, ruthenium, rhodium, 
palladium, osmium, iridium and platinum (eighth group); manganese (seventh 
group); chromium, molybdenum, tungsten and uranium (sixth group); copper, 
silver and gold (first group). Mixtures may be used and the catalyst may be in 
massive form (e.g., wire gauze), or in powder, or supported on a carrier. 

40 U. S. Pat. 1,594,372, Aug. 3. 1926 (Swedish date, Aug. 28, 1922); Ger. Pat. 406,411, 
Apr. 24, 1923. 

41 U. S. Pats. 1,605,960, Nov. 9, 1926 and 1,673,691, June 12, 1928, to Liljenroth and 
Larsson (assigned to Phosphorus-Hydrogen Co.); Brit. Pat. 252,953, Sept. 22, 1925, to 
liljenroth. 
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6786. The following i s an example of the method: Pieces of pumice are soaked with a 
solution of equal parts of copper and nickel nitrates and arc then heated to glowing tempera- 
ture in a current of air. Through a chamber filled with this catalyst is led a mixture of 1 
volume of phosphorus gas and 20 to 60 volumes of steam at a temperature of 550° to 700° C. 
Tho gas mixture should be supplied at such a speed that 250 liters of hydrogen are producd 
per hour and per gram of catalyst: in these conditions the yield is quantitative and the 
hydrogen produced contains mere traces of the phosphide. This catalyst is particularly 
robust. 

6767. The catalyst may be regenerated by passing hydrogen over it at 500° to 700° C. 
In this way the deleterious coating is converted into a substance which, on the resumption 
of the steaming, is reconverted into active catalyst. 4 * 

6767A. Liljenroth also proposes to make hydrogen and phosphoric acid by treating metal- 
lic phosphides, reducible by hydrogen, with water or steam at raised temperatures, oxygen 
being added if necessary. 41 

6768. In 1927 at the PiesteriU works the Liljenroth process was being applied to 70 tons 
of phosphorus daily. 44 In the United States tho process has been worked at Niagara Falls 
by the Phosphorus-Hydrogen Company. 


6769. Modifications of the Liljenroth process have been described which 
differ, not in principle, but in choice of catalyst or in details of operation. Mit- 
tasch and Wietzel 46 use a charcoal catalyst. The same substance or, alterna- 
tively silica gel, is used to purify the hydrogen after condensation of the phos- 
phoric acid. 46 

6769A. Hydrogen may bo produced by passing the vapor of phosphorus mixed with steam 
at a temperature of 650° C. over active carbon. The product is cooled to 110° C. to con- 
dense the phosphoric acid formed. To tho mixture of steam and hydrogen derived from this 
step, carbon monoxide saturated with steam is added and this mixture is led over a contact 
agent of iron and chromium at a temperature of 550° C. The carbon dioxide which is pro- 
duced is removed, leaving tho hydrogen. 44 * 

5770. Urbain 47 finds that the reaction between steam and phosphorus vapor will take 
place at 350° C. in the presence of absorbent carlxm and hydrochloric (hydrobromic or 
hydriodic) acid vapor. The phosphoric acid is recovered by washing the carbon, the hydro- 
chloric acid by condensing tho vapors. Alternatively the phosphorus may be absorbed by the 
carbon and treated with hydrochloric acid and steam. 

6771. The metallic compounds of silicon, such as the silicides of copper, double silicidcs 
of copper and nickel, triple silicides of iron, copper and nickel are also used to promote the 
oxidation of phosphorus vapor with steam. 48 

6778. Other variations are the following. In tho production of phosphoric acid and 
hydrogen by the interaction of steam and phosphorus, the residual gases are passed into a 
water-cooled condenser maintained above 100° C., which thus acts as a steam generator. 
The gases then pass to another condenser maintained below 100° C., and low pressure steam 
is produced. This is compressed to raise it above atmospheric pressure, so that it may be 


4 * U. S. Pat. 1,608,539, May 1, 1928, to Larason; Brit. Pat. 259,201, Sept. 20. 1926, to the 
I.-G., prescribes tho addition of a small quantity of oxygen to the hydrogen used for regenera- 
tion of catalyst. 

41 French Pat. 595, 987, Mar. 31, 1925 (convention date Apr. 15, 1924). 

44 Chem. Age (London), 1927,17,232. See also Brit. Pat. 320,598, Soc. Italiana per le 
Industrie Minerarie e Chimiche, Appln. date April 13, 1928, Chem. Age (London), 1989 , 575. 

41 Ger. Pat. 431,504, Nov. 11, 1924 (assigned to the I. G.); Brit. Chem. Ab$t. t 1926, 916B. 
Sec also U. S. Pat. 1,732.373. Oct. 22. 1929; Brit. Chem. Abst., 1989 , 1015B. 

48 Brit. Pat. 262,455 (convention date, Dec. 3, 1925), to the I. G. Farbenind. A.-G.; Chem. 
Age (London). Feb. 12, 1927. 

48 * I,G. Farbenind. A.-G., Ger. Pat. 480,961, Dec. 4. 1925; Chem. Abet ., 1989 , 5016. 

47 Brit. Pat. 278,578, Dec. 6, 1926; French Pat. 638,528, Dec. 7. 1926. 

48 French Pat. 635,432, June 2, 1927, to Cie. nat. mat. colorantos et manuf. prod. chim. du 
nord r&inies. 
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used again. 48 In the process just described, steam is introduced through a K&rting injector, 
and draws in liquid phosphorus. The mixed vapors pass over lignite coke and copper. 40 

5773. Phosphorus is treated at a high temperature with a limited supply of steam, with 
or without the addition of air or oxygen, so that lower phosphorus oxides or acids are formed 
in addition to hydrogen and phosphoric acid, and oxidation to phosphoric acid is completed 
at a lower temperature, using air or other oxidizing agent for the purpose. 41 

5774. It has sinco been found that the oxidation can be completed simply by cooling the 
reaction products by addition of water or of gases or vapors free from oxygen. The oxidation 
is promoted by contact bodies such as copper-nickel alloys, carborundum or chamotte. 4 * 

5775. Hydrogen and phosphoric acid are obtained continuously and in the pure state by 
treating phosphorus with water or water vapor at 300°— 400° and at pressures up to 500 
atmospheres. The gaseous and liquid reaction products are removed and subjected separately 
or together to another pressure treatment, with addition of water or water vapor if desired. 41 

5776. Phosphoric acid and hydrogen also are obtained by treating phosphorus with water 
at a temperature below 600° and at a high pressure and transforming tho phosphine formed 
in tho same system or an adjoining one into phosphoric acid and hydrogen, if necessary with 
alteration of pressure and temperature. Catalysts such as precious metals, phosphides, phos- 
phates or other compounds of phosphorus may be used. 44 

5777. Phosphates and hydrogen are obtained when tho above process is carried out in 
presence of ammonia or other alkalies, alkaline earths, bases, metals or salts. 44 

6778. Instead of steam as the oxidizing agent carbon dioxide may be used. 
Phosphorus vapor and carbon dioxide are caused to interact at a high tempera- 
ture, the phosphorus pentoxide formed is condensed and converted into phos- 
phoric acid, and the carbon monoxide is mixed with steam and passed over a 
catalyst to obtain hydrogen and carbon dioxide for use again in the process. 44 

49 Brit. Pat. 262,447 (convention date, Dec. 3, 1925), to the I. G.; Chcm. Age (London), 
Feb. 12, 1927, 167. 

40 Brit. Pat. 262,454, sarao date, same patentee; ibid. 

41 Ger. Pat. 438,178, Nov. 21, 1924; Brit. Chan. Abat., 1927, 481B. 

41 1. G. Farbenind. A.-G. (Wietxel, Haubach and HQttner, inventors), Ger. Pat. 485,068, 
Aug. 16, 1928; addn. to 438.178; Chcm. Abat., 1930, 923. See also Brit. Pat. 325,533. 
Nov. 16. 1928; Chcm. Age (London), 1930, 399. 

“I.G. Farbenind. A.-G., Brit. Pat. 324,122, Oct. 20, 1928; Brit. Chcm. Abat.. 1930, 
282B; Chcm. Age (London). 1930, 308. 

44 Bayerische Stickstoffwerke A.-G. (Ipatiev, inventor), French Pat. 670,338, Feb. 26, 
1929; Chcm . Abat., 1930, 1941. 

44 Caro and Frank, Brit. Pat. 308,684, March 26, 1928, to Bayerische StickstofTwerke 
A.-G.; Chcm. Abat.. 1930. 472. See also Brit. Pats. 308.598 and -9; Chcm. Abat., 1930, 471. 

44 French Pat. 624,438, Nov. 10, 1926, to Hydro-elektrisk Kvaelstofaktieeelskab; Norw. 
Pat. 45,018, Apr. 2, 1928, same patentee; Brit. Chcm. Abat., 1928, 927B; Chcm. Abat.. 1928, 
IS, 4210. 
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HYDROGEN (HI.) 

Removal of Carbon Monoxide, etc., by Liquefaction 

6800 . As uncarburetted or blue water-gas consists of approximately equal 
parts hydrogen and carbon monoxide with small amounts of other gases, much 
attention has been given to methods of eliminating the monoxide by solution, 
absorption and liquefaction. The cost of removal of the carbon monoxide by 
solvents such as cuprous chloride and the like appears to be too great for com- 
mercial application. As the monoxide is relatively easily liquefied by cold and 
pressure, while hydrogen is extremely resistant to liquefaction under like condi- 
tions, processes have been devised for removing carbon monoxide in this way. 
As a source of cheap hydrogen this method offers attractive possibilities to con- 
cerns requiring large amounts of the gas. For small plants the relatively high 
cost of installation renders the use of liquefaction processes less feasible. 

5801 . The pioneer work connected with the development of the liquefaction 
system towards a commercial goal should be credited to C. E. Tripler, who appar- 
ently was the first to devise methods and apparatus for large scale liquefaction 
of air and other gases. In 1893 Tripler patented 1 the method of condensation 
44 of a current of gas by expansion of itself over the conduit through which it 
passes.” On this idea is based the present systems of separating hydrogen and 
carbon monoxide through liquefaction of the latter. 

6802 . The principle of liquefaction by compression with counter-current ia 
cooling is shown diagrammatically in Fig. 162. The reducing valve R is so 
arranged that on the side carrying the receiver B for the liquefied product a pres- 
sure of 20 atmospheres is maintained, while on the other side the pressure is held 
at 200 atmospheres. The operation is as follows. Air is drawn from B by the 
compressor K, passing through the outer concentric tube of the coil. After com- 
pression to 200 atmospheres the air enters the cooler KG where the heat generated 
by compression is absorbed. The cooled compressed air flows through the inner 
tube of the coil to the reducing valve R where it is released at 20 atmospheres. 
Circulation in this manner is kept up until the temperature is lowered to the 
point of liquefaction. 

6803 . Nitrogen boils at — 193° C., carbon monoxide at — 190° C. and car- 
bon dioxide at — 78° C. while hydrogen boils at — 252° C. and may easily be 

1 Brit. Pat. 4210. 1893. 

la The term " counter-current M is not used here in ita ordinary senae of two currenta 
which actually meet. 
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retained in gaseous form at temperatures which convert the other components 
of water-gas to liquids or solids.* 

5804 . Apparatus in various forms has been devised by Linde, Claude, Hildebrandt and 
others for the separation of the components of mixed gases by the liquefaction of the more 
easily liquefied constituents. The Hildebrandt system, shown in Fig. 163, consists of a coil of 
pipe of relatively large diameter through which two smaller pipes extend. The latter are indi- 
cated by 1 and 7 in tho upper right-hand terminus of the large coil. Gas under the requisite 
high pressure enters at 1, passes along one of the small pipes within the larger pipe of the large 
coil, emerges at 2 and passes along the central riser to the expansion chamber E. Expansion 



with liquefaction occurs here. The liquefied product flows through 3 into the chamber R and 
from thence into a multiple evaporating coil 4, which consists of four coiled pipes having open- 
ings along their upper sides. Evaporation of the more easily boiling constitutente takes pla *e 
as the product flows downwardly along the evaporating conduits. The vaporised portion 
departs through the perforations of the coil and passes through 5 into the large pipe A % moving 
along this pipe as a current counter to the high-pressure gas entering at 1 and passing out of 
the system by the horizontal pipe shown on the upper right hand. The liquid fraction col- 
lecting in G flows along one of the narrow pipes to 2, thence through one of the narrow pipes 
in the largo coil, upwardly and out at 7. 

5805. The Linde Processes. The Linde process, unlike the Claude process, 
expands the compressed gas without doing external work. Linde reports that 
Frank and Caro, with the aid of the Linde firm, have succeeded in the produc- 
tion of hydrogen of a high degree of purity from water-gas. Figures 164 and 165 
show the apparatus diagrammatically. 

6806. Compressed water-gas enters by the innermost tube A , and is cooled 
by expansion through the valves and return of the cooled gases by the middle 
and outermost tubes G and E respectively, until liquefaction of the carbon mon- 
oxide occurs; separation then takes place, the gaseous hydrogen escaping 

* The production of hydrogen by liquefaction is clearly described by Linde in the Proceed- 
ings of the Third Int. Congress of Refrigeration, 1913. See also a very comprehensive treatise 
entitled, " Lowest Temperatures in Industry,” issued by Gesellschaft ftir Lindes Eismaachinen, 
Munich. 
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through the valve F and the tube G, the liquid carbon monoxide passing through 
the valve D and evaporating in the middle tube. It was found impossible to 
liquefy the carbon monoxide, however, by the small amount of cooling by internal 
work of a gas containing so much hydrogen, 1- and the cooling was therefore aided, 
as indicated in Fig. 165, by cold-jacketing the lower portion of the apparatus by 
means of a similar apparatus producing liquid air; in this way the industrial suc- 



cess of the apparatus was secured, and a gas produced, containing hydrogen, 97 
per cent; carbon monoxide, 2 per cent; nitrogen, 1 per cent. Removal of the 
carbon monoxide by calcium carbide or soda lime then yields a 99 per cent hydro- 
gen. The gas formed from the liquid contains 85 to 90 per cent of carbon mon- 
oxide, the rest being chiefly hydrogen, and is an excellent power gas. 

5807 . By one process (Ges. fur Linde’s Eismaschinen A.-G., French Pat. 427,983, Mar. 
31, 1911) tho strongly cooled, compressed gaseous mixture containing hydrogen is passed 

*• Above — 80° C. expansion (“throttling”) of hydrogen causes a rise of temperature 
(Joule-Thomson inversion). 
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through a heat interchanger bo aa to separate it into a gaseous portion, chiefly hydrogen, and 
a liquid portion, consisting mainly of impurities. The mixture passes into a receiver, which 
is provided with two separate systems for producing expansion ; the liquid portion of the mix- 
ture collects in the receiver and is expanded in the lower system, from which it passes into 
the interchanger in the space surrounding the tube which conveys the original mixture into 
the receiver, and in the opposite direction to that of the gaseous current; the gaseous portion 
is expanded in the upper system and passed into the interchanger in the space surrounding the 
tube which conveys the mixture expanding from the lower system. From the interchanger 
the expanded hydrogen is collected free from impurities, which are thus condensed by the 
cold produced by the agency of the al>ove-mentioned expansions. A supplementary refrig- 
erating appliance, containing liquid air or liquid nitrogen, is used in conjunction with the 
apparatus for the preliminary cooling of the gaseous mixture. 



Fio. 166. — Linde Hydrogen Apparatus. 


5808. A modified form of the foregoing consists in removing the portion of the gaseous 
mixture which is not liquefied, and comprises chiefly hydrogen, without allowing it to expand, 
the pressure remaining equal to that to which the compressed gaseous mixture has been 
brought. Liquid air or liquid nitrogen, used for refrigeration, is evaporated at a pressure 
below that of the atmosphere, in order to obtain a more complete separation of the remaining 
impurities. The liquid air or liquid nitrogen is thus used only for the ultimate refrigeration 
of the hydrogen which has already been freed from the main quantity of condensable gases. 
Also, the hydrogen, before it is brought to the expansion apparatus may be subjected to slight 
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beating in a counter-current device, by means of the compressed gaseous mixture which has not 
yet been fractionated.* 

6809. Frank 4 cools water-gas in a suitable apparatus sufficiently to liquefy 
the carbon monoxide and dioxide, which are then separated. If the water-gas 
has been produced at a low temperature, and contains chiefly carbon dioxide, 
with but little carbon monoxide besides hydrogen, it may be completely liquefied, 
and the hydrogen recovered by fractional distillation. In either case the hydro- 
gen resulting is further purified by being conducted over calcium carbide at a 
temperature of over 300° C. s 



Fio. 167. 


6810. The arrangement of a plant under the Linde-Frank-Caro system 6 is 
shown in Fig. 167. In this illustration a is a water-gas generator to which air 
from the blower 6 and steam from the boiler c is alternately supplied, d is a scrub- 

*Ge«. fOr Linde's Eismaschinen A.-G., First Addition, to French Pat. 427,983, Mar. 31, 
1911. Seo also U. S. Pats, to Carl von Linde 1.020,102 and 1,020,103, Mar. 12, 1912; 1,027,862 
and 1,027,863, May 28, 1912; 727,650 and 728,173, May 12, 1903. 

4 Brit. Pat. 26,928. Nov. 27, 1906. 

‘Frank (J. GasMeucht, June 10, 1911) has recommended (see J.S.C.I . , 1911, 746) that 
apparatus for the production of pure hydrogen and other gases by cooling and liquefaction 
should be installed at gas works making water-gas to enable hydrogen to be supplied on the 
large scale. 

6 Ges. flir Linde’s Eismaschinen A.-G. 
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ber and e a gasometer. 1 is a water-gas compressor, 2 an air compressor and 
3 a refrigerating apparatus. Fore-coolers for drying the air and water-gas are 
shown at 4. A water-gas separator indicated by 5 is also used for the liquefac- 
tion of air. A gas engine 6 operated by the rejected carbon monoxide (collected 
in gasometer 7) furnishes power for running the compressors. 8 represents puri- 
fiers for removal of carbon dioxide and 9 soda-lime purifiers for the ultimate puri- 
fication of the hydrogen. 7 Before purification by soda-lime the gas consists of 


Per Cent 

Hydrogen 97-97 . 5 

Carbon monoxide 1 . 7-2 

Nitrogen. 1.0-1. 8 


and after such treatment the composition is: 

Per Cent 
99.2-99.4 
0 . 6 - 0.8 


Hydrogen 
Nitrogen . 


6811. The Claude Processes. A process for the separation of hydrogen from 
carbon dioxide has been proposed by Claude. 8 The hydrogen containing carbon 
dioxide is subjected to a pressure of, say, 30 atmospheres, and is then passed 
through heat-exchangers through which cold gas is passing in an opposite direc- 
tion. The temperature of the gaseous mixture falls progressively, and the car- 
bon dioxide gradually liquefies. The temperature should not be low enough for 
the production of solid carbon dioxide. The counter-current of cold gas may be 
the non-liquefied portion of the compressed gaseous mixture, the cold end of the 
heat-exchanger being cooled externally by suitable means. Claude 9 partially 
liquefies water-gas or analogous gaseous mixture so as to give pure hydrogen 
and carbon monoxide containing hydrogen in solution, and the latter mixture is 
submitted to the action of heated slaked lime or other material capable of react- 
ing to yield more or less pure hydrogen which is added to the water-gas about to 
be treated. 10 

6812. Clauae 11 * * states that in the manufacture of hydrogen by partial lique- 
faction, 17 hydrogen of 99 per cent purity can be obtained from purified water- 
gas, but the process is open to objection that the maximum volume of hydrogen 
obtainable is equal only to one-half the volume of water-gas employed. 


7 The Bedford method of removing carbon dioxide by washing the gas under high pressure, 
with water, is used. 

• French Pat. 375,991, May 28. 1906. 

9 French Pat. 453,187, Mar. 28, 1912. 

10 The Claude Company ( Chem . ZtQ. Rep. (1913). 521; French Pat. 453.187, Mar. 28. 
1912) indicate that the present attainable yield (about 50 per cent) of hydrogen by the lique- 
faction system is increased and the loss through solution of hydrogen in carbon monoxide is 
diminished, if the carbon monoxide gas carrying hydrogen is subjected to the action of hydrated 
lime to form calcium carbonate and hydrogen, and the impure hydrogen thus secured is mixed 
with water-gas and further treated in a similar manner. 

11 U. S. Pat. 1,135,355, Apr. 13, 1915; French Pat. 453,187; see also U. S. Pat. 1,212,455, 

Jan. 16. 1917. 

11 French Pat. 329,839. 
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5813. In practice this yield fa reduced owing to part of the hydrogen being held in solu- 
tion in the carbon monoxide. Also an excessively minute adjustment at the exit cock for the 
liquefied carbon monoxide escaping from the liquefying apparatus fa required, but in practice 
this cock fa generally opened wider than fa proper. Claude recommends that the carbon 
monoxide separated from the water-gas by partial liquefaction be subjected to chemical treat- 
ment to produce an approximately equal volume of hydrogen, this hydrogen to bo added to 
further quantities of water-gas to be treated. He makes use of the reaction between carbon 
monoxide and heated calcium hydrate, affording a volume of hydrogen gas resulting from this 
step, which fa approximately equal to the volume of carbon monoxide gas used. Fig. 168 
shows a liquefaction plant of this type. 



5814. In carrying out the process of partial liquefaction, it is necessary to compress not 
merely the water-gas but the mixture of water-gas and the hydrogen obtained as an equivalent 
of the carbon monoxide; the ratio of the volumes of the gases in the two cases being about 
one to one and a half. The nitrogen that the water-gas always contains in greater or smaller 
proportions accumulates slowly. As soon as this nitrogen attains too great a proportion, it 
should be removed. 

5815. The water-gas to be treated passes through a pipe W to the compressor X and 
thenoe to a cooling coil Y, when it passes to two temperature exchangers A A. From these 
exchangers the compressed and cooled water-gas passes upward through the tubes of a carbon 
monoxide separator BC. The lower ends of the tubes are surrounded by the liquid carbon 
monoxide collected in a chamber B' under pressure and discharged into the part B under 
atmospheric or less pressure; the upper ends of the tubes are surrounded by the hydrogen 
resulting from the separation and expanded in an expansion engine D. The hydrogen circu- 
lated in the part C of the separator passes through one of the exchangers A and thence escapes 
by a pipe H , and the vaporized carbon monoxide from the part B of the separator passes 
through the other exchanger and escapes by a pipe CO. This carbon monoxide then passes 
into a chamber E where the reaction between the carbon monoxide and calcium hydrate takes 
place, and the resultant hydrogen passes to the pipe W to mix with the incoming water-gas. 1 * 

5816. In a description of a process of L’Air Liquids 14 it fa suggested that in order to 
obtain pure hydrogen by the partial liquefaction of water-gas, the greater part of the carbon 
monoxide be liquefied by the cold produced by the expansion of the liquefied carbon monoxide 
from a previous charge. The last traces of carbon monoxide remaining with the hydrogen are 
liquefied either by the cold produced by the expansion of the whole or a portion of the sepa- 
rated compressed hydrogen, or by the evaporation of liquefied carbon monoxide containing 
dissolved hydrogen. 1 * 

11 See also French Pat. 469,854, May 29, 1913; Brit. Pat. 13,160, 1913; Norwegian Pat. 
28,254. Oct. 8, 1917; Chem. Aba., 1918, 520. 

14 Soc. Anon, pour l’Etude et l’Exploit. des Proc. G. Claude. 

11 French Pats. 457.297, Feb. 4, 1914, and 475,346, Feb. 10, 1914; J.8.C.I . , 1916, 31. See 
footnote to para. 5806. 
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5816A. Claude and Goaaelin lu describe a process for producing simultaneously formates 
and gaseous mixtures rich in hydrogen. The carbon monoxide is a mixture such as is obtained 
in the partial liquefaction of water-gas and is converted into sodium formate by absorption 
in a caustic soda solution under a pressure of about 400 atmospheres and at 400°. The 
residual gases contain a high concentration of hydrogen. 

6817. Claude has designed apparatus for effecting the heat exchanges involved 
in his process for separating hydrogen from such mixtures as coal gas, coke-oven 
gas and the like. 16 One method is the following: the gas, freed from moisture, 
carbon dioxide, sulphur compounds and benzol, is passed into the top of a ver- 
tical multitubular heat interchanger wherein it is cooled by the passage of pre- 
viously separated hydrogen upwards through the tubes near the outer casing of 
the interchanger, and of nitrogen, carbon monoxide, and methane through the 
central tubes. The more easily liquefiable impurities, such as propane, are lique- 
fied in the upper part of the interchanger and are prevented from solidifying by 
admixture with liquids which solidify less easily, such as methane, as they flow 
downwards. The mixed liquids are withdrawn near the bottom of the inter- 
changer and reheated by passage through a coil surrounding the interchanger. 
If water has not been completely removed from the gas, a small quantity of alco- 
hol vapor may be added to it, and then the alcohol and water are collected in the 
upper part of the interchanger and removed separately. If the proportion of 
methane being liquefied is detrimental to the heat balance of the separating 
apparatus, the mixed liquids are withdrawn at a point further removed from the 
bottom of the interchanger and passed into the reheating coil. In this case any 
condensate formed in the lower part of the interchanger may be passed forward 
with the gas. 

6818. Bthylcno may bo used as a solvent to remove acetylene and some other impuritie* 
in the Claude process. 17 

6819. Apparently with a view to enriching the gas in nitrogen to fit it for the 
ammonia synthesis, one of the processes of the Claude Company for treatment 
of coke-oven gas, etc., is modified as follows. 18 The liquid which contains nitro- 
gen produced in the process is subjected in an auxiliary column to a progressive 
rectification or vaporization under the pressure of the liquefaction, the gas rich 
in nitrogen thus produced being returned to the place where the liquid is pro- 
duced, and the residual liquid substantially free from nitrogen being evaporated 
to effect the partial liquefaction. 

6820. Washing with Liquid Nitrogen. A step apparently due to the Claude 
Company, but which has been adopted in connection with methods of working 

lu U. S. Pat. 1,735,107, Nov. 12, 1929, to La SocidtA chimique de la Grande Parols*, 
Axole, et Produits chimiques. 

18 U. S. Pat. 1,579,348, Apr. 6. 1926; Brit. Pat. 195,598, Feb. 26, 1923; Brit. Pat. 195.95a 
Mar. 15, 1923; Brit. Pat. 238.174. Oct. 21. 1924. See also U. S. Pat. 1,730,805, Oct. 8. 1929. 
to Claude; Chem. Abst. % 1989, 5519. 

17 Brit. Pat. 230,413, Mar. 8, 1924, to L’Air Liquid©, 8. A. 

11 Brit. Pat. 235,129, Nov. 4, 1924, to L’Air Liquid©, S. A 
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other than Claude’s 19 is the liquid nitrogen wash. 10 The final washing of the 
compressed hydrogen, to remove carbon monoxide, before expansion, is effected 
by liquefied nitrogen intended for the lubrication of the hydrogen-expansion 
engine. The nitrogen is cooled first in heat exchangers, then in tubes by the 
gaseous carbon monoxide issuing from the vaporizer, and subsequently in tubes 
situated in the engine exhaust. The liquid nitrogen thus cooled to near its solidi- 
fication point is passed into a rectifying column wherein it washes the hydrogen. 
Sufficient nitrogen may be used to allow excess liquid nitrogen to remain with 
the condensed carbon monoxide, while the vaporized nitrogen mixes with the 
hydrogen and liquefies in and lubricates the expansion engine.* 1 

6821. Liquid air may be used instead of nitrogen, the oxygen being removed 
by reaction with the hydrogen in presence of a catalyst before the ammonia syn- 
thesis.” 

6822. The Linde Company describes a similar step: 11 The residual gas is 
washed with liquid nitrogen under pressure, whereby the constituents not required 
are replaced by nitrogen. The washing is effected at nearly constant tempera- 
ture; the washed gas is then heated by heat exchange with the unwashed gases, 
and is expanded, the resultant cooling effect being utilized for liquefying nitro- 
gen; or this refrigerating effect may be transferred indirectly to the nitrogen 
by means of the gas mixture remaining after liquefaction. 14 

6822A. Hydrogen obtained by the catalytic or thermal decomposition of 
methane is scrubbed, after removal of carbon dioxide, with liquid nitrogen, pref- 
erably under pressure, and is then passed over heated iron, nickel, cobalt, or cop>- 
per to remove oxygen compounds and dried. The temperature of the liquid 
nitrogen may be so regulated that 1 volume vaporizes per 3 volumes of hydrogen, 
thereby yielding a mixture suitable for the synthesis of ammonia. 14 * 

19 E.g., in the Linde plant described in paras. 5806 and 5828. See para. 5837. 

90 Brit. Pat. 234.041, Nov. 31. 1924; Can. Pat. 271,785, June 21, 1927; Brit. Pat. 238,175, 
Nov. 5, 1924, all to L'Air Liquide, S. A. 

11 C/., Lefort des Ylouses, Science ind., 1927, 11, 53; Chem. Abat., 1929, *3, 2536; Brit. 
Chem. Abet ., 1928, 891B. 

99 Brit. Pat. 250,520. May 26, 1925. 

99 Brit. Pat. 248,377, Feb. 24, 1926. A form of Linde's apparatus is discussed by Bronn 
[Z. anqew. Chem., 1929, 42 , 760-768; Brit. Chem. Abet., 1929 , 766BJ. In this apparatus, the 
gas, freed from carbon dioxide by washing successively with water under 12 atmospheres 
pressure and with caustic soda, is subjected to a preliminary cooling to —30° to —50° by heat 
interchange with the gases issuing from the apparatus. After entering the actual gas separa- 
tion apparatus it undergoes further cooling by the already separated gases, whereby all the 
constituents are condensed except the hydrogen, nitrogen, and part of the carbon monoxide. 
The residual gas, still under a pressure of about 10 atmospheres, then passes through tubes 
immersed in a bath of liquid nitrogon boiling under reduced pressure. This brings about 
condensation of the carbon monoxido and almost all the nitrogen, leaving hydrogen of 98-99 
per cent purity. If the gases are required for the synthesis of ammonia the process is slightly 
modified, the residual mixture of hydrogen, nitrogen, and carbon monoxide being washed 
with a current of liquid nitrogen under conditions which completely remove the carbon monox- 
ide and leave a mixture of hydrogen and nitrogen in the requisite 3 : 1 ratio. Various possi- 
bilities for the economical utilization of the hydrocarbons, e.g., as motor fuels, in the synthesis 
of alcohols, oils, etc., are discussed. 

94 Brit. Chem. Abet., 1927 , 629B. Cf. Ger. Pat. 488.416, Fob. 26, 1925, to Ges. fllr Linde’s 
Eismaschinen A.-G.; Chem. Abet., 1930 , 2557. 

940 Gasverarbeitungsges. m.b.H., Brit. Pat. 294,580, July 25, 1928; Brit. Chem. Abet., 
1930 , 325B. 



754 


HYDROGENATION 


5823. Consideration of the pressure-temperature diagram of different hydro- 
gen-carbon monoxide mixtures leads Cicali u to the conclusion, which is con- 
firmed experimentally, that, no matter what the liquefaction procedure adopted 
or the path traversed, the percentage of carbon monoxide present in the issuing 
hydrogen is invariably connected with the final state of the mixture. Cicali also 
concludes that direct addition of carbon monoxide to water-gas or a similar gas 
would injure rather than improve the economic effect (the loss in hydrogen and 
the work of compression being increased) and the final effect of the purification. 
Also washing of the ascending gaseous phase by the liquid gradually condensing 
can never yield hydrogen devoid of carbon monoxide, even if, as Claude sug- 
gested, a suitable addition of nitrogen, instead of carbon monoxide, is made to 
the water-gas or similar gas prior to partial liquefaction of the mixture. On the 
basis of physical considerations relating to the properties of certain mixtures 
which are described as physically similar and from which a new principle known 
as physical substitution is deduced, Cicali suggests the introduction of a definite 
quantity of gaseous nitrogen, not into the water-gas, but into a mixture derived 
therefrom, so as to give a mixture similar to, that is, having the same behavior 
toward liquefaction as, water-gas. The few experimental results as yet available 
appear to confirm the theoretical results. 

5824. Cicalas practical application of his principles is as follows. 56 Water- 
gas is freed from carbon dioxide and hydrogen sulphide, and then further purified 
to remove the bulk of the carbon monoxide. A volume of free nitrogen equal to 
the volume of carbon monoxide removed is added to the purified gas, and the 
mixture is compressed, cooled, and passed into a liquefying machine provided 
with a fractionating column. The most readily liquefiable component, viz., the 
carbon monoxide, liquefies in the greatest proportion. The hydrogen and nitro- 
gen contain smaller and smaller quantities of carbon monoxide in the upper 
parts of the rectifying column. Superimposed upon the rectifying column are 
tubes surrounded by a mixture of liquid carbon monoxide and nitrogen, super- 
cooled by evaporation at approximately atmospheric pressure. The hydrogen 
and nitrogen containing traces of carbon monoxide pass through these tubes, in 
which the bulk of the nitrogen and the last traces of carbon monoxide condense. 
The hydrogen, free from carbon monoxide but containing some nitrogen, leaves 
the refrigerating machine by a coiled pipe surrounding the tube by which the gas 
to be purified enters. 27 

5825. In another process 28 hydrogen is separated from coke-oven or other 
industrial gas, after the preliminary removal of water vapor, carbon dioxide, and 
heavy hydrocarbons, by condensing the remaining components from the com- 
pressed gas, utilizing, once the apparatus is in operation, the cold produced by 
the expansion of the residual hydrogen, and using liquid nitrogen as an additional 

14 Giom. Chim. Ind. Appl ., 1926, 8, 171. 

18 Brit. Pat. 259,643, June 15, 1925, to Cicali; Brit. Chem. Abst., 19*7, 43B. 

27 C/., Brit. Pat. 291,409, June 1. 1927, to S. A. Brov. Cicali; Chem. Abst., 1929. 13, 1225. 
The same end is attained by a nitrogen wash; Can. Pat. 274,130, Sept. 27, 1927; Chem. 
Abst., 1924,18. 4035. 

» Brit. Pat. 242,583, Dec. 23. 1924, to Ammonia. Brit. Chem . Abst., 1916 , 440B. 
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external source of cold. The gas mixture is cooled successively in two separators, 
in one of which the cooling agent is liquid methane, and in the other mainly liquid 
nitrogen and finally expanded hydrogen. The hydrogen so separated is passed 
through liquid nitrogen, the expansion of the hydrogen being so adjusted that 
the two gases issue from the apparatus in the correct proportion for the synthesis 
of ammonia. 

6826. The following is the description of an apparatus and process put for- 

ward by the Maschinenbau-Anstalt Humboldt. Water-gas is compressed until 
the carbon monoxide is liquefied, impurities such as carbon dioxide are removed 
in the usual manner, and the mixture of 
hydrogen and carbon monoxide is intro- 
duced into a separator a, from which it 
passes through a concentric tube system b, 
in counter-current to the separated cold 
gases, to a worm c, situated in an evapora- 
tor d, which is partly filled with liquid 
carbon monoxide. The mixture expands 
by way of the valved injector e, into a 
condenser h, at the bottom of which the 
liquid carbon monoxide accumulates, 
while gaseous hydrogen ascends into a 
riser i. Here the entrained carbon mon- 
oxide vapor settles by virtue of its greater 
density, allowing pure hydrogen to pass 
by way of an overflow-pipe k into the 
concentric tube system b and out of the 
separator at l. The liquid carbon mon- 
oxide, which accumulates in h, passes 
through an overflow-pipe m, controlled 
by a regulator o, down along the chamber 
n, into the evaporator d, leaving in the Fio. 169. 

upper part of n any accompanying hy- 
drogen, which may be withdrawn. The liquid carbon monoxide, which accu- 
mulates at the bottom of d, is evaporated by the worm c, and the gaseous carbon 
monoxide escapes by way of the pipe p, through the tubular system 6, and 
out of the apparatus at l. By making the riser i, and chamber n, of the requisite 
height, the two gases may be obtained of the required degree of purity.** 

6827. While there has been of recent years no revolutionary innovation in 
the technique of liquefaction for the separation of hydrogen from mixed gases, 
the application of this method on a colossal scale to the obtaining of hydrogen 
from coke-oven gas is a novelty of the greatest importance. The subject is most 
adequately dealt with in a paper describing the process, as applied at Ostend, 
read by Pallemaerts before the Second International Conference on Bituminous 
Coal.* 0 

■ French Pat. 445.883, July 8, 1912. 



n Chtm. MU. Eng.. 1928, SB, 741. 
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6828. The cost of hydrogen in the form of coke-oven gas (i.e., the crude mate- 
rial before purification) is lower than that of hydrogen in any other manufac- 
tured raw material. 1 ,l For Belgian conditions the following comparison is made 
by Pallemaerts (loc. cit.). One cubic meter of hydrogen: (1) in water-gas, from 
coke at 170 Belg. fr. a ton, costs 0.62; ,u (2) in water-gas from coal at 188 Belg. 
fr. a ton, costs 0.59; ,u (3) in coke-oven gas w-ith the latter at 0.14 Belg. fr., the 
residual gas being valued at the same price per calorie as the original gas, costs 
0.27. ,u Therefore, given a supply of coke-oven gas, an economical method of 
extracting the contained hydrogen and a use or a market for the residual gas,” 
this source of hydrogen must be almost without rival for cheapness. The total 
cost of the purified hydrogen at Ostend is 0.665 ,u per cubic meter. 

6829. The effect of this on the cost of ammonia synthesis is shown by figures 
given by Pallemaerts. At the Ostend plant ammonia is produced at a cost of 
8.7 cents per kilogram of nitrogen in the form of ammonium sulphate (in- 
cluding the cost of sulphuric acid, operation and depreciation). American 
figures for water-gas synthetic ammonia gave 16 cents per kilogram as the cost 
of the nitrogen in the ammonia, before transformation into sulphate. 

6830. Composition of Coke-oven Gas. According to Walter ” coke-oven 
gas contains approximately: 


Hydrogen 46 per cent 

Nitrogen 15 per cent 

Carbon monoxide 7 per cent 

Methane 20 per cent 

Ethylene 2 per cent 

Carbon dioxide 4 per cent 


11 Evidently it ia not lower than that of the hydrogen contained in hydrogen-rich natural gas. 

,u In U. S. cents. 

” The reaidual gaa ha a a higher calorific value, volume for volume, than the original coke- 
oven gaa. Coke-oven gaa containa much hydrogen, which can bo readily extracted by a 
partial liquefaction process auch a a ia being worked at Ostend and elsewhere, according to 
Furness [Chem. Age (London), 1929 , 279]. At Ostend, coke-oven gas is taken and paid for at 
current rates and is subjected to purification and partial liquefaction. Benzene, ethylene, 
and propylene are recovered, and essentially all but the hydrogen is at length liquefied. By 
scrubbing the residual gas with liquid nitrogen, Furness states that pure hydrogen is finally 
obtained at a cost of around ten pence per 1000 cubic feet. The methane, etc., which remains 
after the extraction of the hydrogen represents about 70 per cent of the original calorific 
value of the coke-oven gas and ia delivered to the city mains, credit being given for the calorific 
valuo of the gas returned. This ia stated to be higher than the original in calorific value. 
Furness proposes that coke-oven gas be collected from the various ovens throughout a given 
area, deprived of its benzene, ethylene, etc., and fractionated into pure hydrogen — produc- 
ible at a low cost — and methane. Processes are available for further utilization of the methane 
residuals. Thua, by thermal decomposition in a water-gas producer (the methane being passed 
in place of the steam ordinarily used for actual water-gas production over incandescent coke) 
hydrogen requiring little purification has been made. 

” Seifen. Ztg., 1913, 4 . The presence of nitrogen peroxide in coke-oven gas has been 
established and its concentration determined colorimetrically by using a solution of 
m-phcnylenediamine. Nitric oxide, however, formed the greater proportion of the oxidea 
of nitrogen present in the gas. This was determined by the addition of oxygen, whereby it 
ia partly converted into nitrogen peroxide. The concentrations found were of the order of 
0.0001-6.003 per cent. The results were confirmed by hydrogenation of the nitric oxide 
over copper and determination of the ammonia formed. The presence of the nitric oxide 
was traced to the flue gases, which may contain up to 0.2-0.4 per cent, and are drawn into the 
chambers by the suction of the exhauster. Schuftan, Z. angew. Chem., 1929, 42 , 757-60; 
Brit. Chem . Abst., 1929 , 765B. 
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6831. Choice of Methods. The choice of processes for separating the hydro- 
gen lay between the steam-iron process and one of the liquefaction processes. 
Pallemaerts does not say why the catalytic process was not considered, but one 
may surmise that the high content of hydrocarbon would be unfavorable to satis- 
factory operation. The smallness of the steam-iron units and the impurity of 
the gas yielded are given as the reasons for rejecting this process, though here, 
again, the hydrocarbons would be a cause of trouble. Between the Claude sys- 
tem of fractionation and the Linde system the choice fell on the latter. Among 
the determining factors was the greater purity of the Linde product. 

6832. Purification. Preliminary work brought out the necessity for dryness 
of the gas and freedom from carbon dioxide. Water and the dioxide, solidifying 
in the tubes, caused obstructions. Desulphurization was also necessary. After 
trying out the usual purifying train: iron oxide boxes; water washing under com- 
pression; washing with caustic soda; drying under pressure over calcium chlor- 
ide, a short cut was taken. An ammonia washing process, operating at atmos- 
pheric pressure, was used to remove both carbon dioxide and sulphur compounds, 
drying being left to be effected by the first refrigeration. This, after some trial 
and error, was successful, better purification being attained than with the usual 
complex train. This was not the end of the troubles, however, as obstructions 
and local explosions occurred. These were traced to the presence of unsaturated 
hydrocarbons which solidified in the pipes. This source of trouble was elimi- 
nated by a pressure water wash. Although the plant now ran smoothly it was 
found desirable to remove oxides of nitrogen and volatile nitro-compounds. 
This was effected by a “ simple physical treatment of the gas ” of which no fur- 
ther description is given by Pallemaerts. 34 

6833. The residual gas contains methane, ethylene and their homologs. It 
is free from sulphur compounds and is anhydrous. The removal of the hydrogen 
has produced an increased calorific value, for a given volume, of 43.5 per cent. 
As a fuel gas it is of notable value. Owing to its purity it may be utilized in 
organic syntheses. For the present, however, it is used to heat the coke-ovens 
and, where a large quantity of hydrogen must be got from a small quantity of 
coke-oven gas, it can be made a source of hydrogen by employing one of the proc- 
esses described in the section on the manufacture of hydrogen by decomposi- 
tion of hydrocarbons. 

6834. This last mentioned step is specifically described by Battig.* 6 The 
hydrogen present in coke-oven gases is separated from the other constituents by 
liquefying the latter. The liquefied gases are then fractionated, and a further 
supply of hydrogen is obtained by the thermal decomposition of the methane 
fraction. The decomposition is carried out by passing the methane over highly 
heated coke in a generator or in the chambers of a coke-oven. If the decomposi- 
tion is incomplete the resulting gases may be again subjected to separation by 
liquefaction. 

6836. The French company which operates the Claude processes has 

u Sc© para. 5835. 

34 Brit. Pat. 271,491, May 19, 1927; Brit . Chem. Abat .. 1928, 470B. 
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described a step in the purification of coke-oven gas by hydrogenation, whose 
object is the removal of oxides of nitrogen. The catalysts used are copper or iron 
(“ which has been used in the synthesis of ammonia ”), the temperature required 
is low and the operation takes place at atmospheric pressure. Acetylene is hydro- 
genated, ethylene unaffected. Hydrogen may be obtained by liquefaction. 56 

6836A. In separating hydrogen from coke-oven gases by liquefaction the 
nitrogen-oxygen compounds in the mixture may be preliminarily removed. This 
may be done with ammonium sulphate solutions, or by catalytic hydrogenation. ,6 - 

5836. In a process due to van Nuys 17 a mass of ignited carbon is subjected to 
the action of steam and oxygen in a gas producer, and the resulting gas is sepa- 
rated into its constituents by liquefaction, the oxygen for the producer and the 
refrigerating agent for the liquefaction process being thereby produced at the 
same time. 

6837. Coke-oven gas is compressed to 10 atmospheres and the carbon dioxide, 
hydrogen sulphide, etc., are removed; the purified gas is then cooled in a 
counter-current heat exchanger so that the higher-boiling constituents sepa- 
rate.* 1 Most of the methane is subsequently condensed in other coils around 
which circulates additional compressed nitrogen; the cooling effect produced by 
evaporation of the methane is thus transferred to the nitrogen and carried to 
another point, when the latter evaporates at a lower pressure. After this treat- 
ment the residual gas is rich in carbon monoxide and hydrogen; the former 
is readily condensed, and the hydrogen is finally purified by washing with liquid 
nitrogen. 

6838. Hydrocarbon gas mixtures containing at least 60 per cent hydrocarbons 
are freed from hydrogen and catalyst poisons by cooling to a low temperature 
and fractionating. Water vapor is added, and the mixture passed over a highly 
sensitive catalyst at about 500° C. A mixture of hydrogen and carbon dioxide 
is obtained and is purified in a similar manner. The unconverted hydrocarbons 
are returned to the process.* 9 

6839. If the removal of carbon monoxide were necessary in order to make 
coal-gas non-poisonous, three methods are available: (1) absorption, (2) catalytic 
process, or (3) condensation. Kemmer 40 concludes that absorption with ammo- 
niacal copper formate solution, catalytic conversion into methane, and fractional 
distillation are all technically possible. 

96 Brit. Pat. applications 287,558 and 287,577, convention date. Mar. 25, 1927; Chem. Age 
(London), 1928, 18, 495. 

“•Ger. Pat. 484,055, June 2, 1927, to Soci6t6 L'Air Liquidc (Soc. Anon, pour L’Etude ct 
L’Exploitation des Proc6d6s Georges Claude); Chcm. Abst., 1930 , 902. 

17 U. S. Pat. 1,588,860, June 15, 1926, assigned to Air Reduction Co.; Brit. Chcm. Abst ., 
1926, 708B. 

,8 Ges. f. Linde’s Eismaschinen A.-G., Brit. Pat., 284,213, Jan. 21, 1928; Brit. Chcm. Abst., 
1929 , 933B. 

* 9 Ges. f. Linde's Eismaschinen Akt.-Ges., Brit. Pat. 317,731, convention date Aug. 20, 
1928; Chem. Age (London), 1929 , 388. See also Chem. Abst., 1930 , 2254. 

40 Gas- u. Wasserfach , 1929, 72 , 744; Brit. Chem. Abst., 1929 , 765B. 
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HYDROGEN (IV.) 

Hydrogen from Hydrocarbons 

6900 . Hydrocarbons are, next to water, the greatest natural source of hydro- 
gen. Many methods have been practiced for the manufacture of hydrogen by 
the decomposition of hydrocarbons. These processes may be divided into two 
classes: the first depends on thermal decomposition of the hydrocarbon; the 
second, on the reaction with steam. Closely related to the steam reaction 
processes are methods employing partial combustion as a step (c/. para. 5938). 

Hydrogen from Hydrocarbons by Thermal Decomposition 

6901 . When methane is heated to 1200° to 1300° C. dissociation occurs and 
lamp-black and hydrogen are produced. Acetylene is decomposed at a much 
lower temperature. In general, when subjected to sufficient heat hydrocarbons 
break down into their elements. This fact has been made use of for the produc- 
tion of hydrogen by decomposing various hydrocarbons and particularly heavy 
oils. Among the proposals put forward up to the present time are some which 
relate to the splitting of acetylene or natural gas by passage through the heat 
zone of an electric arc and separation of the hydrogen from the lamp-black or 
other carbonaceous material which is formed. The gas may be under pressure 
to render the decomposition more effective. 

HYDROGEN FROM ACETYLENE 

6902 . Pictet 1 decomposes an endothermic hydrocarbon, such as acetylene, 
by passing it through a tube, the front portion of which is heated to about 500° C., 
at which temperature the gas dissociates into its elements with the evolution of 
a large quantity of heat. The latter raises the temperature of the tube sufficiently 
to dissociate fresh quantities of acetylene without the further application of 
external heat. The rear portion of the tube is surrounded by a refrigerating 
appliance, and the products of decomposition, hydrogen and lamp-black, are 
passed into a apparatus suitable for their separation. The generator may con- 
sist of a steel, iron or porcelain tube, one portion of which is heated by means of a 
gas furnace, and the other cooled by water, or by a liquid hydrocarbon, the 
vapors of which are afterwards admitted to the tube for their dissociation. The 
tube is provided with the conduits necessary for the admission of the raw mate- 

1 French Pat. 421,838, Oct. 26. 1910. 
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rials and for the withdrawal of the products of dissociation, these conduits being 
preferably composed of 14 pure iron ” covered with nickel; the lamp-black is 
separated by washing or by means of filters. 

5903. A process worked out by the Carbonium Company in Germany employs acetylene 
gas which is compressed to two atmospheres and exploded by an electric spark.* 

C*H, « 2C + H 2 . 

The acetylene thereby dissociates into the elements carbon and hydrogen. The carbon 
deposits in the form of lamp-black. The hydrogen is passed through a large washer and 

stored. Its degree of purity is exceptionally 
high. For each cubic meter of hydrogen pro- 
duced about 1 kilo of lamp-black is formed. 
A condition for getting the hydrogen cheaply 
by this method is that there be a market for 
the lamp-black. 

6904. Similarly, Wachtolf* compresses the 
acetylene to about 4 to 6 atmospheres and 
explodes it electrically. In Fig. 170 the explo- 
sion chamber is shown on the left and lamp- 
black collector on the right. The explosion 
chamber is provided with a rotary scraper to 
remove lamp-black adhering to the walls. 1 


OTHER HYDROCARBONS 

6906. Geisenberger e generates hy- 
drogen alone or mixed with carbon 
monoxide or carbon dioxide, by the ac- 
tion of heat alone or of heat and steam, 
on light hydrocarbons, such as benzine, 
or on other materials containing hydro- 
gen and carbon, e.g., bitumen, 6hale, 
beeswax, turpentine, etc. The organic 
substance is heated in a retort, to which 
steam may be admitted, to its point of 
decomposition. The hydrogen is sep- 
arated from the other gases in the mix- 
ture obtained, either by physical means, 
depending on the differences in density, or by chemical means, such as absorb- 
ing the carbon dioxide by means of sodium carbonate or hydroxide solution. 

6906. Rincker and Wolter 8 make use of two generators, somewhat resembling 
those used in making water-gas, for the decomposition of oils and tars. These 
generators are arranged side by side and charged with coke. After they have 
been raised to incandescence by a blast of air, a charge of tar is introduced into 

* Met. and Chcm. EnQ., 1911, 157. 

* Ger. Pat. 194,301. 

4 Decomposition of hydrocarbons under pressure is described by Bosch, Ger. Pat. 268,291 
July 14. 1911. 

* French Pat. 361,492, Dec. 21, 1905. 

* French Pat. 391,868, May 11, 1908. 
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one of them and is partly transformed into gas by the glowing fuel. The gas 
formed escapes by its own expansion. A current of air is then introduced which 
carries forward the remaining vapors of tar into the second generator where they 
are converted into a permanent gas. At the same time the blast of air raises the 
contents of the first generator to incandescence again, and the process is reversed 
by introducing the tar into the second generator and repeating the operations in 
the reverse direction. 



Fio. 171. 


6907. In a modified form of the apparatus 7 the two generators are arranged 
one above the other and are charged with coke. The coke in the lower generator 
is ignited and then brought to incandescence by a blast of air which has been 
preheated by being caused to pass through a jacket surrounding the upper gen- 
erator. The fuel in the latter is also ignited and then raised to incandescence by 
natural draught. The products of combustion are allowed to escape to the chim- 
ney. When the fuel is glowing brightly, the air supply is cut off and a charge of 

7 French. Pat. 391,867, May 11. 1908. 
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oil is introduced into the lower generator through pipes in the top. The oil 
passes over the glowing fuel and is partially converted into permanent gas which 
escapes through a pipe in the side by its own expansion. The blast of air is then 
again turned on, whereby the vapors of oil left in the lower generator are blown 
into the upper one, where they are gasified and fixed during their passage through 
the glowing fuel. The lower generator is at the same time again raised to incan- 
descence and the process is repeated . 8 

5908. Equipment for the Rincker-Wolter system has been supplied by the Hollandsche 
Residugas-Maatschappij of Rotterdam. The gas-making plant consists of twin generators. 



Fio. 172. 


Fig. 171, lined with firebrick and provided with grate bars and clinkering doors; in short 
resembling water-gas generators but lacking a carburetor and superheater. The generators 
are connected near the top and in the upper part are lids for feeding purposes, which carry 
sprayers for introduction of the oil. Fig. 172 shows the operating floor of one of these plants. 
The generators are equipped with primary and secondary blast pipes, steam inlets and dust 
collectors. Both generators are charged with coke and fired. The generators are operated 
alternately in the blowing-run, the first generator receiving the primary, and the second gen- 
erator the secondary, air blast. Combustion is incomplete in the first generator and the 
producer gas obtained is led to the second generator, where it is burned on meeting the cur- 
rent of secondary air, thus heating up the second generator. 

8 Apparatus for the production of hydrogen by the decomposition of the vapors of oil or 
tar by exposure to a high temperature is the basis of a patent to the Berlin - An haltischs 
Maschinenbau Aktien-Geeellschaft, Berlin, Ger. Pat. 267,944, Jan. 28, 1913; Chem . Zeit. Rep. % 
1914, 31. 





HYDROGEN FROM HYDROCARBONS 


763 


6909 . As it is preferable to reach nearly equal temperatures in both generators, the 
sequence is reversed after a short blowing and the first generator becomes second in the 
series. When both generators have reached the proper temperature, the air valves are shut 
and the gas run begins. The temperature of the fuel bed has to be varied somewhat accord- 
ing to the nature of the raw materials. For hydrogen production a temperature of about 
1200° C. is required. Too low a temperature gives so impure a gas that subsequent purifica- 
tion of the hydrogen is rendered costly. At the end of the blowing-run oil is sprayed for 
several minutes on the hot coke and gasification takes place. Immediately after this the 
sprayer is cleaned by blowing steam through it. The gas formed by decomposition of the 
oil passes to a seal and from there to scrubbers and purifiers. 

6910 . Fig. 173 shows the gas outlets and seal. The residue of gas in the generators is 
expelled by steam. Lamp-black is deposited in the generators and is consumed in the next 
run. Fig. 174 shows the generators of a plant at Utrecht. 


In a well-handled run gas of tho following composition is said to bo obtained: 


H. 

N. 

CO 


Per Cent. 
96.0 
1.3 
2.7 


And by passing this gas over heated soda-lime a gas has been secured analysing: 

Per Cent 


H 98.4 

N 1.2 

CO 0.4 • 


6911 . To avoid difficulties from clinkering of the ash of the fuel, the author has suggested 
the addition of a small proportion of lime to the charge of coke, so as to flux the ash and thus 
to enable the maintenance of the requisite high temperature in the fuel bed. 10 

6919 . By a modification of the Rincker-Wolter process 11 liquid hydrocarbons are con- 
verted into oil-gas, on contact with glowing coal or coke in the customary manner, and water- 
gas or other gas containing hydrogen is led into the oil-gas generator with the object of con- 
verting the oil residues into hydrocarbons that can be gasified. The formation of tar in the 
oil-gas generator is thus avoided. Two generators are used, each serving as a water-gas gen- 
erator and an oil-gas generator alternately. 12 

6913 . A portable plant of the Rincker-Wolter type, which may be used for military pur- 
poses, is arranged so compactly that it may be mounted on two ordinary railway flat cars. 
The apparatus consists of two gas producers in which hydrogen is made from oil which is 
sprayed into the producer. The gas is then passed through purifiere and driers to give hydro- 
gen of the desired purity. In case it is necessary to compress the gas a third car is needed. 

6914 . Bacon, Brooks and Clark 11 have devised a process for obtaining carbon black, and 
practically pure hydrogen, by the decomposition of hydrocarbons, the conditions of working 
being such as to insure a satisfactory yield of both products in a continuous operation. The 
apparatus employed is adapted to develop and maintain the high temperatures required and 
withstand, during long-continued use, the exacting requirements imposed upon it. 

6916 . Bacon, Brooks and Clark state that unless the carbon black produced as one of the 
products of the decomposition is promptly removed from the high temperatures (exceeding 
1200° C.) of the heating zone in which the decomposition is proceeding, such carbon black 
will deteriorate in quality for commercial uses, losing its desired deep-black luster, and 
becoming materially duller and grayer. Accordingly, the operation is conducted so that the 


• Sanders ( ZeiUch . /. anoeio. Chem., 1912, 2404) has furnished figures on the cost of 
hydrogen by the Rincker-Wolter system. In a private communication to tho author, the 
manufacturers advise that with oil at 4 cents per gallon the hydrogen is estimated to cost 
about $1.75 per thousand cubic feet. 

10 Ellis, U. S. Pat. 1,092,903, Apr. 14, 1914. 

11 Brit. Pat. 6,285, Apr. 27, 1915. 

u Scientific American Suppl., Sept. 5, 1914, 155. 

11 U. S. Pat. 1,220,391, Mar. 27. 1917. See also No. 1,276,385, issued Aug. 20, 1918, to 
McCourt and Ellis. See para. 5919. 
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particles of carbon black will remain suspended in the hydrogen, and are removed with the 
hydrogen from the sone of decomposition. 

5916. In Fig. 175 is shown a gas-tight metal shell, having a gas-tight cover. The casing is 
provided at one end with an exit pipe for the outflow of the carbon black and hydrogen, and 
has an opening at its opposite end closed by a removable gas-tight asbestos board closure. 
Within the casing is a lining of fire-brick and an inner lining of magnesite brick. In the 
chamber is located the heating element which is made up of a double series of graphite rings 
cut in two diametrically. Through stuffing boxes of the face plate there extend carbon rods, 



Fio. 175. 


each of which is connected to the same terminal of an electric heating circuit. The hydro- 
carbon to be decomposed is supplied in a thin stream through the inlet pipe on the left. It 
enters the decomposition sone of the apparatus, made up of the annular walls of the series of 
graphite rings, which rings are heated by an electric current to a temperature exceeding 
1200° C. and sufficient to flash and decompose the hydrocarbon into carbon black and hydro- 
gen. The temperature of flashing or decomposition, and the quantity of liquid hydrocarbon 


rOit 



injected are so adjusted that the gas pressure developed shall be sufficient to sweep out the par- 
ticles of carbon black without permitting them to settle in the decomposition sone of the 
apparatus. The carbon black is deposited in a settling chamber, and the hydrogen is carried 
on to a gas holder. The carbon black recovered is of a black silky luster, and the hydrogen is 
substantially pure. 

6917. Ellis describes 14 a type of furnace connected to a checker-work 
chamber, to be used for the heat decomposition of oils to yield hydrogen. A bed 

14 U. S. Pat. 1,092,903, Apr. 14, 1914. Natural gas, cracked in a water-gas sot by using 
it in place of steam after the blast, will furnish a gas containing 90 per cent hydrogen and less 
than 10 per cent hydrocarbon. About 2.25 cu. ft. of cracked gas may be produced per cubic 
foot of natural gas with a stated consumption of 0.015 lb. of coke. Y tinker, Gas Age-Record, 
1929, 63, 674. 680; Chcm. Abet., 1929, 4555. 
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the bed where it is decomposed. The vapors pass through the heated checker 
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work and are further decomposed. The furnace 
is provided with air and steam inlet pipes for 
blowing up the fire and for sweeping out con- 
taminating gases. Fig. 176 shows this form of 
apparatus. 

6918 . Brownlee and Uhlinger 16 describe a 
process of producing hydrogen and carbon black 
which consists in passing hydrocarbons, at a 
pressure above atmospheric, over a highly 
heated mass of refractory material which is free 
from easily reducible metallic oxides. The re- 
fractory material is first heated to about 1400° C. 
and then gas or oil vapors passed in from the 
top. The carbon is collected in a chamber and 
removed as collected by means of a screw con- 
veyer. The hydrogen is purified if necessary and 
passed into a gas heater. Any carbon which 
may be deposited on the refractory material will 
be burned off on reheating for further decomposi- 
tion. Fig. 177 shows a diagram of the apparatus. 

6919 . McCourt and Ellis 16 obtain gas- 
black and hydrogen by forcing methane 


11 U. S. Pat. 1,168,931, Jan. 18, 1916. 1,265,043, May 7, 1918, and 1,276,487. Aug. 20, 1918. 
11 U. S. Pat. 1.276,385. Aug. 20, 1918; Can. Pat. (to McCourt) 187,661. Nov. 26. 1918. 
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through a highly heated porous and permeable bed of refractory material. One 
form of apparatus employed is illustrated in Fig. 178. 

6920. Although acetylene is easily decomposed at temperatures such as pre- 
vail in the processes which we have been describing, it is relatively stable at the 
temperature of the electric arc. 1T Advantage is taken of this to produce pure 
hydrogen from mixtures containing hydrogen and methane. 1 * The mixture 
(e.g., methane 14 per cent, hydrogen 86 per cent) is passed through a furnace arc 
to produce a gas containing acetylene 7, and hydrogen 93 per cent, which is with- 
drawn by a special device. The acetylene is removed by washing. 

#911. Barth *• produces hydrogen by firet decomposing oil in a furnace and then further 
heating the gee formed in a separate furnace to produce hydrogen. He rJidmn for thin method 
that there is an economical use of fuel 
and that the contact mass in which the 
hydrogen is formed does not become 
contaminated with carbon, etc. 

5912 . The furnace or vaporization 
chamber used by Barth, see Fig. 179, is 
constructed of an iron jacket which has 
a lining of refractory bricks, and which 
is filled with a refractory grating or 
with coarse pieces of refractory material. 

The gases of combustion which escape 
from the generator during the blowing 
or reheating period are passed through 
the refractory grating of the vaporiza- 
tion chamber. Near the end of the 
blowing period the gases contain a cer- 
tain amount of carbon monoxide which 
is burnt within the vaporization chamber 
by admitting air thereto. By this opera- 
tion the grating of refractory material 
within the vaporization chamber accu- 
mulates the heat which is necessary for Fio. 179. 

vaporizing the liquid fuel and in some 

cases for partly decomposing the same. Finally the air supply is shut off, and the vaporized 
oil or other fuel is passed into the vaporization chamber through several nozzles and vapor- 
ized therein. The vapors are passed through the glowing charge of coke within the generator, 
where they are decomposed in such a way as to split off carbon and to produce either an 
illuminating and heating gas (if the process is carried out at a temperature of about 1000° C.), 
or hydrogen (if the process is carried out at a higher temperature) . The vapors of oil or other 
fuel are alternately passed through the generator in opposite directions, that is. alternately 
from above downward and from below upward. Thereby the heat which has been accumu- 
lated within the generator is uniformly consumed, and the lower part of the generator which, 
during the blowing period, is subject to the highest strain is not brought to an excessive tem- 
perature. 

17 For a discussion of the equilibria see : Taylor, Industrial Hydrogen (Am. Chem. Soc. 
Monograph), 1921, 148-149. 

11 Brit. Pat. 288,066, Dec. 30, 1926, to I. G. Farbenind. A.-G. (this is an addition to 
263,859 in which the apparatus is described); Chem. Abet., 1929, 23 , 488; Brit. Chem. Abet., 
1928 , 415B. Petroleum or coal-tar oil has been decomposed into hydrogen and acetylene (and 
small quantities of methane, ethylene, and carbon monoxide) by circulating it around an elec- 
trically heated conductor at temperatures above 800°. The gaseous mixture as it is evolved 
is quickly cooled to prevent the decomposition of the acetylene. Bethenod, Brit. Pat. 316,906, 
April 4. 1928; Brit. Chem. Abet., 1929 , 804B. 

» U. S. Pat. 1,172,925, Feb. 22. 1916. 
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5923. A process of producing hydrogen ga s or gas containing this constituent is proposed 
by Lowe 10 which involves heating a bed of solid fuel to incandescence and passing into the 
ignited mass a quantity of petroleum oil which breaks down into hydrogen and carbon. The 
hydrogen is removed and the deposit of carbon is subjected to combustion with an amount 
of air sufficient only to consume part of the carbon which has been deposited. Then further 
quantities of petroleum oil are injected into the fuel mass. 11 

6924. Snelling 22 employs carbon compounds which are capable of dissociation by heat 
in a reversible manner, with the liberation of hydrogen. These compounds are heated in a 
closed chamber or tube with walls more permeable by hydrogen than by other substances 
present, and the hydrogen formed is thus withdrawn during the reaction. 22 

6925. An apparatus for producing hydrogen from natural gas, crude petroleum or garbage 
grease designed by Brunner 24 employs a series of vertical stand pipes alternately connected 

at top and bottom and internally sprayed with water to remove 
carbon and other impurities. The water is finally discharged through 
a liquid seal at the bottom of each pipe. (See Fig. 180.) The organic 
material is heated in an adjacent furnace (not shown). 

6926 . Pictet, 11 in the production of a gas of high heat- 
ing value, heats crude petroleum, tar oil or similar hydro- 
carbons in tubes to such a temperature (e.g., 900° to 
1200°), that not all the hydrogen splits off as such, but 
appears in the end product as methane. The hydro- 
carbons to be broken down may be employed mixed with 
gases of less heat value, such as hydrogen, water-gas, etc. 

6927 . Frank 26 passes purified natural gas through a 

Fia. 180. furnace filled with incandescent coke or refractory material 

thereby producing hydrogen. Natural gas is first freed 
of hydrogen sulphide by passage through a purifier which contains an iron 
oxide, such as limonite. Thereupon the gas is subjected to a temperature of 
at least 1200° C. The decomposition of the gas begins at a temperature of 
about 800° C., while the gas is completely split into carbon and hydrogen 
when the highest temperature, exceeding 1200° C., is attained. See Fig. 181. 

5928. Rose 27 prepares gas containing as high as 98 per cent hydrogen by passing natural 
gas or oil over refractory surfaces heated to 1650° C. 

6929. The production of hydrogen and soot by the pyrogenic breaking down of light 
hydrocarbons, especially natural gas, by contact with highly-heated refractory surfaces, 
against which the gas under treatment is directed in a number of finely divided currents, is 
described by Herman. 27 * With the exclusion of air, the baking and graphitizing of the soot 
on the surfaces may be prevented by a uniform heating of tho surfaces serving for the decom- 
position and a careful removal of the soot from the heated surfaces after its formation. Tho 
hydrogen is drawn off and cooled immediately. 

6930 . Efforts to secure hydrogen from illuminating gas have met with a con- 
siderable measure of success. By the process of Oechelhauser hydrogen of about 

20 U. S. Pat. 1,174,511, Mar. 7, 1916. 

21 See also Frasch, U. S. Pat. 1,118,899, Nov. 24. 1914. 

22 J.S.C.I., 1915, 249; U. S. Pat. No. 1,124,347, Jan. 12. 1915. 

22 See also 0. P. & D. Reporter , Apr. 5. 1915, 34. 

24 U. S. Pat. 1,246,867, Nov. 20, 1917; Chem. Abe., 1918. 297; J.S.C.I. . 1918, 30A. 

24 Ger. Pat. 277,115, Feb. 13, 1913. Addition to 257,715; Chem. Abet., 1915, 712; Ger. Pat. 
289,065, Dec. 7, 1912. See also Can. Pat. 184,460, May 21, 1918. 

24 U. S. Pat. 1,107,926, Aug. 18. 1914; Chem. Abe., 1914, 3359. 

27 U. S. Pat. 1,254,360. Jan. 22, 1918. 

Ger. Pat. 290,883, Oct. 23, 1914. 
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80 per cent purity is obtained. A gas of much higher hydrogen content has been 
produced by the Berlin-Anhaltischen Maschinenbau A.-G. which is based on 
investigations made by Bunte. The illuminating gas is first freed of carbon 
dioxide and is then conducted over white-hot coke which decomposes the hydro- 
carbons and yields a gas mixture consisting almost entirely of hydrogen, carbon 
monoxide and nitrogen. The carbon monoxide is removed by treatment with 
soda lime and the gas then consists largely of hydrogen with only nitrogen as an 
impurity. The specific gravity is 0.085 to 0.097 and the gas has been found to 
be well adapted for most technical purposes. The process can be put in opera- 



Fio. 181. 


tion at any gas works equipped with a water-gas plant and the installation is not 
very costly. 1 * 

6931. In a French process “ coke-oven gas is heated above 1200° C. to decompose tho 
hydrocarbons with production of hydrogen. The decomposition is preferably effected in 
presence of refractory material which may bo impregnated with catalysts. 

6931A. Coko-oven, blast-furnace, or lignite-distillation gases containing a proportion of 
carbon dioxide too high for satisfactory use in reduction are rendered suitable by being 
passed over coke at a temperature such that in tho treated gases tho ratio COj : CO does not 
exceed 0.45 and tho ratio CO : CH 4 is at least 1.5. Alternatively, a portion only of the gas 
is treated and mixed with the remaining gas in proportion such that the mixture conforms to 
the required standard. "• 

6932. We have already seen that in the process of fractionating coke-oven 
gas, methane is obtained. Battig 30 decomposes the methane into carbon and 
hydrogen by passing it over highly heated coke. This operation may take place 
in the coke-oven itself. 

6933. In an alternative method of carrying out the operation methane is passed over 
heated brickwork and then against baffle walls on which carbon is deposited. Tho result- 
ing hydrogen passes, in another chamber, over brickwork giving up its heat. The methane 

38 Sander, Zcitschr. angew. Chcm., 1912, 2406. 

19 Brit. Pat. 296,291, Mar. 3, 1927, to Cie. nat. de mat. color, et manuf. do prod. chim. 
r 6 unies (Etabl. Kuhlmann). 

"•Brit. Pat. 298,190, Sept. 24, 1928, to Kali-Ind. A.-G., addn. to 288,154; Brit. Chcm. 
Abst., 1930, 143B. 

30 French Pat. 634,711, May 19, 1927; Brit. Pat. 271,491 (convention date, May 20, 1926). 
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current is stopped and air admitted. Heated by the brickwork the air enters the chamber 
containing the deposited carbon, which is burned. The hot oxide is made to pass over and 
give up its heat to brickwork and the cycle is recommenced with methane. 11 

5934. A process for which it is claimed that it yields hydrogen of great purity is described 
by Burwcll. 11 It is a mixed process, i.e., it employs both thermal decomposition and reaction 
with steam. Hydrocarbon material is heated at 1050°-1150° to produce a mixture of hydro- 
gen, carbon monoxide, carbon, and hydrocarbons, from which carbon is removed by settlement 
and aromatic hydrocarbons by scrubbing with water. Hydrocarbons similar to methane are 
converted into carbon monoxide by heating the moist mixture at 1230°- 1280°, and the car- 
bon monoxide is converted into dioxide by adding excess of oxygen to the dried gases and 
passing them over a manganese dioxide catalyst below 100°. Any oxygen remaining is 
removed by passing the gases over heated copper, and carbon dioxide by caustic alkali solution. 

5935. Jakowsky 11 describes an apparatus and a process for producing carbon-black and 
hydrogen, together with unsaturated gases. The invention is chiefly concerned with the 
economical production of carbon black of fine quality from hydrocarbon oil or from natural 
gas. This is effected by using a localized source of heat (e.g., a high-voltage arc) and rapidly 
cooling the product. In the case of oils this combination is secured by passing the oil over 
an arc plunged in it and allowing the current of relatively cool oil to carry away the suspended 
carbon. The hydrogen is collected in any convenient manner. 

5935 A. Hydrogen or a hydrogen-nitrogen mixture is obtained by exposing coke-oven gas 
or natural gas together with air, oxygen or carbon dioxide, with or without steam, to the 
action of an electric arc and converting the carbon monoxide formed into hydrogen and 
carbon dioxide by treatment with steam, then separating the carbon dioxide. The process 
is so regulated that combustion of the hydrogen content of the materials used takes place 
only to a slight extent. 11 * 

5935B. Coke-oven gases are mixed with a limited supply of steam, e.g., 5-16 per cent 
by volume for a gas containing 30 per cent methane, and passed through a bed of preheated 
refractory material. The heat of the gases produced is used to preheat air, and the heat 
required to bring about interaction of the steam and the hydrocarbons in the gases is obtained 
by the combustion of the deposited carbon in the preheated air, each reaction period being 
followed by a reheating period. 1 * 

5935C. Methane is blown into molten iron, according to another process for preparing 
hydrogen. The carbon liberated dissolves in the iron and is subsequently removed by blowing 
with air. 1 * 

5935 D. Natural gas can be cracked in a water-gas generator by making alternate air 
blasts and gas runs. The resultant gas is composed largely of hydrogen, and may be used 
(a) mixed in small amounts with natural gas in place of the latter, (6) carbureted and mixed 
in small amounts with natural gas or used straight as manufactured gas for city distribution, 
(c) mixed with natural and water-gas with varying amounts of blow-run gas and distributed 
as city gas (this mixed gas can be blended with coal gas in almost all proportions and used in 
common burners without adjustment), ( d) as a source of hydrogen and (e) mixed with water- 
gas to give a CO : H* ratio suitable for methanol. Approximately 7 pounds of carbon black 
per 1000 cubic feet of gas cracked can bo recovered. The amount of solid fuel chargeable 
to the cracking operation is less when some water-gas is made than when only alternate air 
blasts and gas runs are used. 1 * 

11 Brit. Pat. 271,483, May 18, 1927, to Battig; Brit. Chem. Abst., 1998. 748B; cj. Can Pat. 
284,117, Oct. 23, 1928, to Battig; Chem. Abet ., 1929, 13, 677; French Pat., 635,670. May 18, 
1927, to Battig; Chem. Abet., 1928, 11, 4737; Chem. Age (London), 1927, 17, 115. See also 
U. S. Pat. 1,726,877, to Battig. 

11 U. S. Pat. 1,689,858, Oct. 30, 1928, assigned to Alox Chem. Corp.; Brit. Chem. Abet., 

1929, 171B. 

11 U. S. Pat. 1,597,277, Aug. 24. 1926. 

•* I. G. Farbenind. A.-G., Brit. Pat. 307,529. Dec. 2, 1927; Chem. Abet., 1919, 5282. See 
also Ger. Pat. 488,502, April 16, 1926, Wietzol, Starke and Eisenhut, inventors; Chem. Abet., 

1930, 2251. 

**Tyrer and Imperial Chem. Industries, Ltd., Brit. Pat. 323,864, Nov. 16, 1928; Bni. 
Chem. Abet., 1930, 312B. 

“•Tyrer, Brit. Pat. 328,048, Jan. 25, 1929, to Imperial Chem. Industries, Ltd.; Brit. 
Chem. Abet., 1930, 613B. 

994 Odell, Bur. Minte, Kept, of Investigations 2991, 1930; Chem. Abet., 1930, 2577. 
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Hydrogen from Hydrocarbons by Interaction with Steam 34 

6936. Exothermic hydrocarbons, such as petroleum vapors, mixed with 
steam may be decomposed with the formation of hydrogen and carbon mon- 
oxide; in this case the combination of nascent carbon and oxygen supplies a 
portion of the heat required by the reaction, the balance which is required to 
dissociate steam and hydrocarbon being supplied by external heating. By 
admitting a regulated quantity of oxygen, the combination of the latter with 
nascent carbon may be made to provide all the heat required by the reaction, it 
being then only necessary to heat the hydrocarbons initially to their tempera- 
ture of dissociation. 

6936A. Stanley 16 has investigated the reaction between methane and steam 
at temperatures between 500° and 1000° C., at atmospheric pressure, in presence 
of various catalysts. The results are: 

I. Using equimolecular quantities, low temperatures favor the reaction: 

CH 4 + 2H,0 -> CO, + 4H, (1) 

II. While higher temperatures favor: 

CH 4 + H,0 — > CO +3H, (2) 

(2) can be taken almost to completion at 1000° C. 

III. Excess of steam favors (1). 

6937. Pictet avails himself of this reaction in what he treats as a modifica- 
tion of the process described in paragraph 5902. 36 

5937 A. External heat (39.36 unite for every 18 grams of water) is applied for decomposing 
the water vapor, in addition to that required to decompose the hydrocarbon vapors, for which 
the temperature is raised sul>stantially to the melting point of iron. Water and hydrocarbons 
are fed, for example, into an iron tube, which is of sufficient length (say 3 to 4 meters) to enable 
the supplementary heat to be imparted without damage, and these being vaporized on entry, 
react in the further end of the tube, which is the more strongly heated; the gas produced is 
then cooled and passes through a filter to a gas holder, there being a soot chamber and also 
arrangements for the removal of soot from the tube and filter. Ten liters of petroleum, mixed 
with 3 to 5.5 liters of water, may be thus decomposed per hour, in the apparatus described, 
the mixture furnishing approximately 3000 liters of gas for every liter of hydrocarbon, with 
calorific value of 3000 to 3600 heat units per cubic meter. By regulating the supply of water, 
any desired proportion of carbon can be converted into carbon monoxido. 

In preparing hydrogen from crude petroleum or petroleum tar oils, the vapors are heated 
in such a manner that 18.1 calories are supplied to 16 grams of gas, with a tube temperature 
of 1200° to 1350° C. 37 

6938. Partial Combustion. Some of the methods for obtaining hydrogen 
from hydrocarbons depend on incomplete combustion. While these processes 
should logically be separated from those using the reaction with steam, it is con- 

34 This mothod of obtaining hydrogen being specially adapted to the working up of the 
berginization residual gases has been much developed in that connection; see Chap. XLVI. 

31 Report on the Work of the Dept, of Oil Ref. and Etiq'q., Univ. of Birmingham, 1926-1928, 13. 

33 Brit. Pat. 14,703, June 21, 1911. 

37 Brit. Pat. 13,397, June 3, 1911. Geisenberger (see para. 5904) mentions steam treat- 
ment as an alternative to straight thermal decomposition. 
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venient to consider them here. In fact, the two methods are often combined, 
or prescribed as alternatives. 

5939. Pa tart 38 obtains a suitable mixture for the catalytic synthesis of metha- 
nol by incomplete combustion of methane. The methane, mixed with half its 
volume of oxygen is injected into coke maintained at 1000° C. 

6940. Brownlee and Uhlinger 39 employ a method of obtaining carbon mon- 
oxide, hydrogen and nitrogen from the products of combustion of internal com- 
bustion engines. 

Natural ga s, coal gas, or other suitable gaseous, liquid or solid carbonaceous substance, 
is mixed with an amount of air not sufficient for complete combustion, and the mixture is 
exploded in the cylinder of an internal combustion engine. The mixture is so regulated that 
the proportion of air is such as to yield the largest practicable quantities of carbon monoxide 
and hydrogen. For example, if natural gas is used, a mixture of approximately 1 volume of gas 
to 6J volumes of air is preferably employed with a compression before explosion of 70 to 80 lb. 
Under these conditions considerable power is produced and at the same time good yields of 
carbon monoxide and hydrogen are obtained. The mixture of water vapor, carbon dioxide, 
carbon monoxide, hydrogen and nitrogen resulting after the combustion or explosion is cooled 
to remove the moisture, then compressed, and the carbon dioxide, carbon monoxide and nitro- 
gen liquefied in turn, thus leaving hydrogen in the gaseous state, but highly compressed. 
Instead of compressing and liquefying the carbon dioxide, etc., after the removal of moisture 
by cooling, this gas may be absorbed with suitable absorbents, as calcium hydroxide, and the 
carbon monoxide may be withdrawn by ammoniacal cuprous chloride solution, leaving the 
nitrogen and hydrogen to be separated by compression and liquefaction of the nitrogen. In 
place of air, nearly pure oxygen may be used. 40 A mixture of equal volumes of natural gas 
and oxygen may be employed under a compression of 70 to 80 lb. From 1000 cu. ft. of Penn- 
sylvania natural gas 1300 to 1350 cu. ft. of hydrogen will be obtained. 

0940 A. In a process for the continuous production of water-gas and hydrogen, gaseous 
hydrocarbons are incompletely burnt with air or oxygen, and the resulting gases are freed 
from water vapor and carbon dioxide. 40- 

5940B. Residual gases from the manufacture of hydrogen from coke-oven gases are 
partly burnt by passing them with insufficient air through a gas producer filled with refractory 
material at a high temperature. Saturated hydrocarbons are removed by catalytic destruc- 
tion in the presence of iron, nickel or chromium, and carbon dioxide by washing with 
ammonia. 404 

6941. Battig subjects the methane fraction 41 resulting from the liquefaction 
process of purifying coke-oven gas to the action of oxygen or steam, or both, to 
convert the methane into carbon dioxide and hydrogen. The carbon dioxide is 
removed by pressure water washing, the water by cooling to — 70° C. The 
hydrogen is then purified by the methods described under Liquefaction. 4 * 

5941A. Fuel with the usual amount of volatile constituents is gasified, without previous 
coking, in a mixture of oxygen (and/or air) and water vapor so that the nitrogen content of 
the resulting gas is not greater than that required for ammonia synthesis; the hydrocarbons 
are converted by oxygen or oxygen and water vapor into carbon monoxide and hydrogen. 4S- 

5?41B. To make gas which has a high calorific value and which is rich in hydrogen and 

» Brit. Pat. 247,176, 1925; Can. Pat. 204,600, Sept. 28, 1926. 

39 U. S. Pat. 1,107,581, Aug. 18, 1914. 

40 U. 8. Pat. 1.107,582, Aug. 18, 1914. 

40 * French Pat. 630,327, Mar. 5, 1927, to Soc. Internat. des Combustibles Liquides, from 
Dcuts. Bergin-A.-G. f. Kohle- u. ErdOlchemie; Brit. Chem. Abet., 1930, 92B. 

406 Compagnie do Bethune, French Pat. 670,878, June 27, 1928; Chem. Abet., 1930, 1942. 

41 Cf. para. 5932. 

41 Brit. Pat. 294,113, July 16, 1927; Chem. Abet., 1929, 13, 1999. 

iU Gross, Brit. Pat. 289,080, Mar. 15, 1928; Brit. Chem. Abet., 1919, 841B. 
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carbon monoxide, pulverulent solid fuel is gasified in a continuous procoss with the aid of a 
gas containing a higher percentage of free oxygen than atmospheric air. 426 

6942. All three methods, thermal decomposition, partial combustion, steam 
treatment, have been combined in one process . 44 Mixtures of air, oxygen, or car- 
bon dioxide, and steam, if desired, with gaseous, liquid, or solid carbonaceous 
material, e.g. f methane, gases obtained in the distillation of coal, tars, oils, etc., 
but excluding products obtained in the conversion of saturated into unsaturated 
hydrocarbons are subjected to the action of the electric arc, and the gas mixtures 
obtained are treated with steam to convert carbon monoxide into carbon dioxide 
and hydrogen, the carbon dioxide and other impurities being removed from the 
product. A mixture of nitrogen and hydrogen suitable for the synthesis of 
ammonia is obtained by using air as the oxidizing gas, and subsequently adding 
hydrogen prepared, e.g., by a similar process using carbon dioxide instead of air, 
to adjust the mixture to the correct proportion. 

6941A. In a process of hydrogen regeneration 44- a mixture of hydrocarbons and water vapor 
ia decomposed by the action of heat into hydrogen and carbon monoxide. The highly heated 
gases obtained from the decomposition are cooled by contact with cold water. Tho water 
thus heated is brought into direct contact with fresh gases containing hydrocarbons to be 
subjected to the reaction, thus heating the gases and charging them with water vapor. Tho 
resulting gas mixture is then introduced into the decomposition chamber, where carbon 
monoxide and hydrogen are produced. If pure hydrogen is desired, tho gas issuing from tho 
decomposition chamber is passed, with further additions of steam or water, over a suitable 
catalyst, preferably at a lower temperature, and the carbon monoxide and carbon dioxido 
are eliminated. 4 * 

6943. Casale 44 treats hydrocarbon vapor in a combustion chamber, with 
steam and oxygen. Carbon monoxide and hydrogen are produced and, by fur- 
ther treatment with steam, the monoxide is converted into dioxide. The oxygen 
is obtained from liquid air, the nitrogen being added to the hydrogen produced, 
to form a mixture for ammonia synthesis. 

6944. Many of the processes for obtaining hydrogen from hydrocarbons by 
interaction with steam, or by incomplete combustion or by a combination of 
methods, use catalysts to accelerate the reaction or to cause it to take place at 
lower temperatures. 

6946. Conversion of Methane into Hydrogen and Carbon Monoxide. 

Fischer and Tropsch 44 investigated this reaction with mixtures of methane and 

•* Wiotsel (to I. G. Farbenind. A.-G.), U. S. Pat. 1,751,117, March 18, 1930; Chcm. Abst ., 
1930 , 2583. 

44 Brit. Pat. 307,529, Dec. 2, 1927, to Johnson (from I. G. Farbenind. A.-G.); Brit. Chem. 
Abst., 1919 , 393B. By one procedure methane is treated with steam in proportions and under 
conditions such that tho issuing gases contain 2-15 per cent (preferably 4-5 per cent) of 
unchanged methane, which is subsequently removed, e.g., by combustion with oxygen or, 
together with carbon dioxide, by extraction with solvents (gasoline) under pressure. Removal 
of carbon monoxide from tho products may be facilitated by converting, prior to the removal of 
undesired gases, the greater part of it into carbon dioxido and hydrogen by the action of steam 
and the remainder catalytically into methane. I. G. Farbenind. A.-G., Brit. Pat. 319,957, 
Oct. 18. 1928; Brit. Chem. Abst., 1919 , 1014B. 

iU Brit. Pat. 265,989, Nov. 2, 1927, to I. G. Farbenind. A.-G. 

444 Brit. Chem. Abst., 1917 , 900B. 

44 Can. Pat. 285,619, Dec. 18. 1928; Austr. Pat. 111,555, July 15, 1928. 

44 Brcnnatoff-Chem., 1928, 9 , 39; Chem. Abst., 1928, 11 , 1952. 
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carbon dioxide, methane and coke-oven gas, and coke-oven gas with water vapor 
over various catalysts (iron, cobalt, nickel, copper, molybdenum and tungsten) 
supported on clay, silica and magnesium carbonate or mixed with alumina. Tem- 
peratures from 840° C. to 920° C. were used with various space-time velocities. 
For oven gas-steam mixtures the best S. T. V. was 800 cc. gas per hour, per cc. 
catalyst. No conditions gave complete decomposition of methane. Nickel and 
cobalt were the best catalysts and cobalt was equal to nickel. Iron, copper, molyb- 
denum and tungsten were poor catalysts. The addition of alumina increased the 
activity of nickel and cobalt. Clay proved the best carrier. 

5946A. The catalytic oxidation of methane to hydrogen and carbon monoxide 
or dioxide in the presence of nickel can be promoted by various metallic oxides, 
alumina giving the best yield in the latter case and magnesia in the former. 41 * 

6946B. Catalysts for use in the thermal decomposition of hydrocarbons, 
alone, or mixed with steam, air, etc., comprise nickel, cobalt, or iron mixed with 
aluminum compounds which contain oxygen and at least one of the elements 
silicon, hydrogen, carbon, boron, phosphorus, and sulphur, and which are not 
decomposed during the reaction (for example, kaolin) 44 * . 

6946. Mittasch and Schneider 46 pass hydrocarbons and steam over a nickel 
catalyzer distributed on a carrier at a temperature of somewhat above 700° C. 
and produce hydrogen and carbon monoxide or carbon dioxide. 47 

5947 . They state that the conversion of hydrocarbons and steam into hydrogen and 
carbon monoxide or carbon dioxide can be carried out rapidly and completely by employing 
a nickel catalytic agent distributed on a fireproof carrier and by working at a temperature 
above 700° C. Mittasch and Schneider observe that during the reaction it is possible that 
the nickel is converted into an oxide of nickel; or vice versa, it is also possible that the oxide 
or other compound of nickel is reduced to the metallic form or to a compound containing 
carbon, so that it is equivalent whether metallic nickel or nickel oxide or other suitable com- 
pound be taken at the commencement of the reaction. Such carriers are employed as do 
not react with nickel oxide under the conditions obtaining during the reaction, since the 
contact mass, it is claimed, then retains its activity even after being employed for a long time. 

When working according to this process, a gas mixture free from or containing only 
small quantities of hydrocarbons results and after removal of the carbon monoxide and carbon 
dioxide hydrogen remains which Mittasch and Schneider note is suitable for the catalytic 
production of ammonia, or for reducing fats. 

6948 . The process is carried out in upright furnaces or tubes lined with fireproof material. 
The necessary heat can be applied internally, by burning hydrocarbons in the reaction space, 
and this heating can be carried on before or during the actual production of hydrogen. It is 
particularly advantageous to pass alternately mixtures of hydrocarbon or other fuel and air, 
and hydrocarbon and steam, into the reaction space, since by this means it is easy to maintain 
the requisite temperature. The heat contained in the gases leaving the reaction space can 
be used to preheat the gas mixture about to enter the furnace. The gas mixture obtained, 
in so far as it contains carbon monoxide, if necessary after adding a further quantity of steam, 
can be passed over a contact agent, in order to convert the carbon monoxide into carbon 
dioxide. 

5949 . The following procedure will serve to illustrate the process : Magnesia in the form 
of lumps is burnt at a high temperature. The lumps are soaked with a solution of nickel 
nitrate so that the magnesia contains from about 2 to 5 per cent of nickel, and then, after 

46a Kubota and Yamanaka, Bull. Chem. Soc. Japan, 1929, 4 , 211-20; Bril. Chem. Abst., 
1930 , 43A. 

466 Brit. Pat. 323,855. Nov. 8, 1928, to I. G.; Brit. Chem. Abat., 1930 , 231B. 

44 U. S. Pat. 1,128,804, Feb. 16, 1915. 

47 Sec French Pat. 463,114, of 1913; J.S.C.I. , 1914, 313; also Brit. Pat. 12 , 978 , June 4 , 1913 . 
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heating to decompose the nitrate, the product is placed in a contact furnace and a mixture 
containing methane and steam is passed over it at from 800° to 1000° C. The reaction takes 
place rapidly and the activity of the catalytic agent does not diminish. Another method of 
producing a catalyst of this character, recommended by Mittasch and Schneider, consists in 
precipitating metallic nickel on a carrier by the decomposition of nickel carbonyl. 

6950 . Instead of gaseous hydrocarbons, either liquid or solid hydrocarbons can bo used, 
in which case the latter are first vaporized or are injected directly into the reaction space, or 
the pipes leading to the reaction space. Further, mixtures containing hydrocarbons can be 
employod, such as coal gas. The nickel also can be used in admixture with other metals or 
metallic oxides. 

6961 . Hydrocarbons (methane, ethane, ethylene, or benzene) are treated with steam in the 
presence of iron, nickel, or cobalt, activated by the addition of metals whose oxides are reduci- 
ble with difficulty, such as chromium, vanadium, and compounds of alkali, alkaline earth, and 
earth metals. A temperature of 300°-650° C. may be employed, and the hydrocarbons are con- 
verted into carbon dioxide and hydrogen, without formation of carbon monoxide. The car- 
bon dioxide is removed, and the hydrogen employed for the synthesis of ammonia or methyl 
alcohol, or for hydrogenation of coal, tars, oils, etc. 48 

5952. Hydrogen Regeneration. 49 In the recovery of hydrogen from methane, 
ethane and the like, present in the residual gases of berginization, these gases are 
mixed with carbon dioxide (with or without steam) and passed over a heated 
refractory catalyst contained in a shaft furnace; alternatively, the furnace may be 
filled with coke and worked as a producer, the gas being introduced at the cold 
blowing stage. The following is an example of the process: residual gas from 
berginization containing 30-40 per cent of methane is mixed with carbon dioxide, 
etc., to obtain a mixture of carbon dioxide 23.6 per cent, hydrogen 52 per cent, 
methane 22.5 per cent, nitrogen 1.3 per cent and carbon monoxide 0.6 per cent. 
This mixture is passed through a shaft furnace heated to 1100° C. having a 
refractory filling containing a nickel catalyst. The percentage composition of the 
issuing gas is carbon monoxide 31.4, hydrogen 66.2, carbon dioxide 1.1, nitrogen, 
etc., 1.3. By the usual steam treatment at 500° C. the monoxide may be con- 
verted into dioxide and removed. 40 

6963 . Hydrocarbons are partially burned by means of oxygen or air enriched with oxygen, 
possibly with the addition of water vapor, and the resulting gases treated with activated 
catalysts which facilitate the conversion of a mixture of hydrocarbons, carbon monoxide, and 
steam into a mixture containing hydrogen and carbon monoxide or dioxide. When carbon 


48 Brit. Pat. 267,535 (convention date, Mar. 10, 1926), to I. G. Farbenind. A.-G.; Chem. 
Age (London), 1927, 17, 487. In the production of hydrogen from methane or gases contain- 
ing it, by means of steam in the presence of a catalyst, it is found to be preferable to regulate 
the amount of steam and rate of flow of gas so that 2-15 per cent of methane still remains in 
the gas. The residual methane is then removed by washing with solvents under pressure, or 
by decomposition with air. By this incomplete decomposition it is possible to operate at a 
temperature about 100° C. lower than usual. When the residual methane is removed by 
washing, the greater part of the carbon monoxide is converted into carbon dioxide by means of 
steam and the gaseous mixture then treated with gasoline fractions boiling between 150°- 
200° C. in a washing tower. The carbon dioxide and methane are washed out together, 
and any residual carbon monoxide is removed by washing with a solution of a copper 
salt. The lower temperature which may be employed in this process is less deleterious to the 
apparatus, which may be of alloy steels such as " Nicrotherm," “WT2, M or"V2A. M Brit. 
Pat. appln. 319,957, appln. date Oct. 18, 1928, I. G. Farbenind. A.-G.; Chem. Age (London) 
1929 , 453. 

• I. G. Brit. Pat. 279,072, convention date, Oct. 14, 1926. 

40 Chem. Age (London), 1927, 17 , 557. Cf. French Pat. 34,048, Sept. 13, 1927, addn. to 
617,504, to I. G.; Chem. Abet., 1929 , 4802. 
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monoxide is not desired in the product, steam is added during the second stage and suitable 
catalysts are used to give a mixture of hydrogen and carbon dioxide, the latter being finally 
removed, if desired. More than one catalyst may be employed; e.g., the preheated gases 
may first meet a heat-resisting catalyst and then a more active catalyst. The partial com- 
bustion may be effected by means of flame or by surface combustion, with employment of 
solid materials upon which catalysts may be deposited. The temperature of the partial 
combustion is reduced by freeing the hydrocarbons from organic and inorganic sulphur 
compounds. Instead of subjecting the whole of the gases to partial combustion, a portion 
may be burned and the products mixed with the remaining hydrocarbons. Thermal decom- 
position may be employed in the first stage of the process instead of partial combustion. 
The hydrocarbons may bo passed through externally heated tubes and the resulting carbon 
collected; or, in a discontinuous process, the gases are passed in contact with hot fireproof 
materials, which are reheated at a subsequent stage by burning the deposited carbon. The 
decomposition may be facilitated by adding carbon dioxide, oxygen, or steam. 11 

6964. The carbon dioxide may be removed in steps. Thus mixtures of 
methane, etc., with steam are passed successively over a catalyst and material 
capable of absorbing the carbon dioxide formed, e.g., calcium or cerous oxide, at 
a temperature sufficiently high to prevent condensation of water, the process 
being repeated if necessary. The oxide is subsequently regenerated by heating 
the carbonate. 51 When using nickel as catalyst and cerous oxide as absorbent 
of carbon dioxide the separation of carbon dioxide takes place at temperatures 
high enough to prevent condensation of water. The quantity of steam used is 
five to seven times the theoretical quantity. This method of working gives almost 
quantitative conversion at 400°-600° C. 

6966. The catalyst for the process just described contains at least one metal 
(or compound) from the iron group and at least one other metal or metal com- 
pound, preferably a metal forming a difficultly reducible oxide. Thus, a mixture 
of nickel, manganese, and aluminum nitrate solutions is precipitated with potas- 
sium carbonate solution. The precipitate is washed with potassium nitrate solu- 
tion, dried and reduced in hydrogen at 350° C. Over this methane (1 vol.) and 
steam (6.2 vols.) are passed at 430°-650° C. M 

0956. According to Casale 54 the purity of the hydrogen obtained by treatment of gaaeous 
hydrocarbons such as methane is increased by working at pressures below atmospheric. 
A mixture of methane and oxygen with steam heated to 1100°-1300° C. (the temperature 
being regulated by admission of oxygen) under reduced pressure yields a mixture of hydrogen 
and carbon oxides which may be used directly for the methanol synthesis. 

6967. The waste gases obtained in the hydrogenation of coal at high pres- 
sures, and which contain methane and some hydrogen, are treated with steam 
at different temperatures to obtain gases rich in hydrogen for use again in the 
hydrogenation process. By treating with steam at high temperature, the methane 
is converted into hydrogen and carbon monoxide, and the carbon monoxide is 

11 Brit. Pat. 288,662, Nov. 15, 1926, to Johnson (an I. G. communication), compare 
Ger. Pat. 403.049. A process bearing a general resemblance to this is described in Brit. Pat. 
254,713, July 2, 1925, to the I. G. The catalysts mentioned are nickel on magnesia, iron 
alloys, molten iron; Chcm. Abat ., 1927, 81 , 2792. 

51 Brit. Pat. 291,244, June 18, 1927, to I. G. Farbenind. A.-G.; Brit. Chan. Abet., 1928, 
523B; Chem. Aoe (London), 1928, 18, 614. 

51 Swiss Pat. 127,030, Mar. 8, 1927, to I. G.; Chcm. Abat. 1929, IS, 1225. 

M Brit. Pat. 274,610, June 2, 1926; Chem. Aqc (London), 1927, 17, 199. U. 8. Pat. 
1,734,559, Nov. 5, 1929; Chcm. Abat., 1930, 471. 
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then converted catalytically into hydrogen and carbon dioxide, the latter being 
removed. The process can be applied to the preparation of gases rich in hydro- 
gen from coke-oven gases. The gases from a hydrogenation chamber pass 
through a condenser, a liquid separator and devices for removing benzene and 
sulphureted hydrogen. Steam is admitted and the gases pass to a regeneratively 
superheated apparatus where the first-mentioned reaction is effected. Steam or 
water is again admitted, and the gases pass to a chamber containing an iron oxide 
catalyst. The gases finally pass to a cooler, pump and scrubber, where carbon 
dioxide is removed, and then are pumped to the hydrogenation chamber. 66 

6968. When producing hydrogen from a hydrocarbon mixture by passing the 
latter with steam over a catalyst at a temperature below 700° C. 6 ®, Williams 67 
found that the presence of unsaturated hydrocarbons caused the deposit of car- 
bon in and on the catalyst mass. He meets this difficulty by subjecting the gas 
to catalytic hydrogenation before or during the steam treatment. For this pur- 
pose hydrogen is added to the mixture. 

6969. In connection with Williams’ catalytic steam-hydrocarbon process, to 
which reference is made in the preceding paragraph, Beekley 68 states that it is 
necessary to supply heat to maintain the catalyst at the desired temperature. 
This may be effected by the addition of oxygen, but sudden and complete inactiva- 
tion of the catalyst sometimes attends the adoption of this method. Beekley, 
therefore, prescribes the addition, with the oxygen, of an equivalent quantity of 
a reducing gas, such as purified water-gas. 

6969A. A mixture of steam and methane is passed over a succession of spaced 
catalyst bodies (such as nickel and a promoter) and oxygen is added to the 
gaseous mixture during its passage through the space between the catalyst bodies 
in the proportion required to maintain the temperature necessary for the reaction 
by combustion of some of the hydrocarbon. 68 - 

6960. Blake 69 causes methane to react with steam in presence of a catalyst 
at a temperature between 400° and 700° C, and with a volume ratio of steam to 
methane 60 within the range 3.5 : 1 to 44 : 1 and at substantially a minimum 
value for the temperature employed and for a predetermined methane conver- 
sion and carbon monoxide content of the resulting gas. Blake’s curves, from 
which the ratio steam : methane can be determined, are reproduced in Figs. 182 
and 183. As a guide to the method of using these curves, suppose a methane 

68 Chan. AQt (London), 1926, 14 , 349; Brit. Pats, to Bergius, 244,730, convention dato 
Dec. 18, 1924, and 216.882, May 28, 1924, to Intemat. Bergin-Comp.; U. S. Pat. 1,699,177. 
Jan. 16, 1929, to Bergius. Can. Pat. 263,477, Aug. 17, 1926. 

18 This ia the process covered by Williams’ Application Serial No. 118,600, to which 
reference ia made in the patent now under consideration. This application of Williams ia 
also mentioned in U. S. Pat. 1,713,326 to Blake (see para. 6960), where the catalyst used by 
Williams ia said to be a suitably promoted nickel catalyst, such as nickel chromate, or nickel 
promoted with ceria and alumina. 

87 U. S. Pat. 1,673,032, June 12, 1928, assigned to Laxote, Inc. 

18 U. 8. Pat. 1,711,036, Apr. 30, 1929, assigned to Laxote, Inc. 

“•U. S. Pat. 1,736,065, Nov. 19, 1929, to Williams, to DuPont Ammonia Corp; Chem. 
Abst., 1930 , 697. 

88 U. 8. Pat. 1,713,325, May 14, 1929, assigned to Laxote, Inc.; see footnote 66. 

88 Cf. paras. 5954 and 5955. 
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conversion of 80 per cent (Fig. 182) and a requirement of 1 per cent carbon mon- 
oxide : the uppermost curve shows that the steam : methane ratio is lowest 
(between 12 and 14) at about 495° C. With 2 per cent carbon monoxide (middle 
curve) the minimum ratio is 8 at 450° C. 

6961. A method of obtaining unsaturated hydrocarbons from saturated, and 
of using the residual gases for the production of carbon monoxide and hydrogen 
and ultimately of hydrogen only also has been described. The latter is almost 
certainly the main object, since it serves to supply hydrogen for berginization 
and allied processes. Dehydrogenation of the saturated hydrocarbons, accom- 
panied by cracking, is effected either by heating in an arc or by incomplete com- 
bustion. Examples : (1) Methane containing some hydrogen is passed through 
an electric arc and acetylene absorbed from the product by active charcoal: the 
residual gases are then heated to 1100° C. by preheating and partial combustion, 
and passed, with steam, over a nickel-alumina catalyst to convert them into a 
mixture of hydrogen and carbon oxides: (2) Natural gas is subjected to partial 
combustion to produce acetylene and the gas is passed over silica coated with 
graphite to form benzene which is absorbed in active charcoal: the residual gases, 
subjected to partial combustion, are mixed with steam and passed over a nickel- 
magnesia catalyst, whereby is produced a hydrogen-carbon monoxide mixture. 61 

6962. The yield of hydrogen and carbon monoxide, in processes of the kind 
described in the preceding paragraph, is increased if care be taken to remove not 
only the inorganic but also the organically combined sulphur from the gases. 
This may be effected by passing the latter over a metallic mass which will fix the 
sulphur compounds or convert them into hydrogen sulphide. 61 

5963 . Gas mixtures rich in hydrogen are obtained by passing distillation gases, hydro- 
carbons or gaseous mixtures containing hydrocarbons over catalysts (such as iron, cobalt, 
nickel, chromium, aluminum, manganese, silicon, carbon, copper, vanadium, tungsten and 
compounds or mixed crystals of these elements), in admixture with superheated steam at 
temperatures of 1000° or higher. The passage of coke-oven gas together with superheated 
steam at 1100° over a catalyst comprising chromium and aluminum results in a product 
composed almost entirely of hydrogen, nitrogen and carbon monoxide. A conduit of carlx>- 
rundum may 1x3 used for the reaction and when so used it also has the effect of a catalyst. 66 

5964 . In the production of hydrogen from methane and steam with catalysts, the reaction 
is carried out so that the reaction gases contain from 2 to 15 per cent of methane which is then 
eliminated. 64 

61 Brit. Pat. 269,547, (convention date. Apr. 15, 1926) to I. G. Chem. Age (London), 1927, 
16 , 605. 

61 French Pat. to I. G., 644.147, Nov. 18, 1927; Chem. Abat., 1929, 13, 1728. 

66 Schulz and Eisenstecken (to Vercinigte Stahlwcrke A.-G.), Brit. Pat. 314.870, July 3, 
1928; Chem. Abat., 1930 , 1475-6. 

64 French Pat. 672, 935, April 11, 1927, to the I. G.; Chem. Abat., 1930 , 2254. 
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HYDROGEN BY THE ELECTROLYSIS OF WATER 

6000 . The production of hydrogen and oxygen by the electrolysis of water, 
though one of the oldest electrochemical experiments, and proposed in a large 
number of patents was, for a long period, carried out industrially only to a lim- 
ited extent. There was considerable difficulty in developing the laboratory 
apparatus so that it would operate successfully in practice, one of the hardest 
conditions to meet being the necessity of absolute safety of operation, and this 
required the exclusion of every possibility of the formation of an explosive gas 
mixture. Another difficult matter was the requirement of providing a material 
for the electrodes, which was not at all or only slightly attacked by the elec- 
trolyte, and the necessity of constructing apparatus with a small internal resist- 
ance. One by one these problems were solved. The welding industry needed 
oxygen in quantity; engineers and chemists engaged in the expansion of the 
infant industry of oil hardening became interested in methods of deriving hydro- 
gen by electrolysis. A period of development followed which eventually brought 
forth simple and reliable electrolytic equipment especially suited for locations 
where both oxygen and hydrogen were demanded. 

6001 . In the electrolysis of water there are certain constants whose values 
are the same under all conditions of operation within certain limits. The first 
constant is the amount of hydrogen liberated per ampere hour of current passed 
through the cell generator; the figure is 0.03738 g. or 0.014825 cu. ft. of hydro- 
gen gas measured at 0 deg. and 760 mm. pressure. Thus, at 400 amperes, which 
is the customary operating amperage for most cell generators, the production 
will be 5.93 cu. ft. of hydrogen and 2.96 cu. ft. of oxygen (at 0 deg. and 760 mm. 
pressure) per hour. At 20 deg. and 760 mm. pressure the output will be 6.36 cu. 
ft. of hydrogen and 3.18 cu. ft. of oxygen per hour per cell generator. The second 
constant is the minimum voltage that will force the current through the cell 
generators. For a solution of sodium hydroxide in water the minimum voltage 
is 1.69 volts, for potassium hydroxide 1.67 volts; this, then, is the lowest voltage 
at which decomposition of water, or electrolysis, takes place. In order to pro- 
duce gas with current at this voltage, the cell generator would have to be con- 
structed in such a manner as to do away with all internal electrical resistance 
which is obviously impossible and so the operative or practical voltage is higher 
than the theoretical. With a current of 400 amperes the voltage will vary 
from 1.9 to 4, depending on the type of cell generator. With the first constant 
given the amount of hydrogen produced per 400 amperes per hour and the 
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minimum or theoretical voltage given it is a simple matter to determine the 
yield of gas per kilowatt-hour of electricity used. The theoretical efficiency 
will be 400 amperes X 1.69 volts or 0.676 kilowatt-hour to produce 6.36 cu. ft. 
of hydrogen. The theoretical yield per kilowatt-hour per cell generator will be 
9.408 cu. ft. of hydrogen. In practice the yield is from 4.5 to 8.25 cu. ft. of 
hydrogen per kilowatt-hour. 

6002 . In general, electrolytic plants consist of the following important parts, 
cell generators for producing the gases, a motor-generator set to deliver a direct 
current at the proper potential or voltage, gasometers and storage tanks for 
storing the gas as it is generated and compressors and compressor motors for 
raising the pressure of the gas to the required point. Stripped of everything 
but essentials the component parts of all cell generators are: a container tank 
for holding the solution; one or more positive electrodes, one or more negative 
electrodes, immersed in the solution; means for separating the electrodes to 
prevent mixture of gas and means for separately collecting each gas as it is gen- 
erated. The separating medium is usually a diaphragm and may be of metal, 
earthenware or cloth. The diaphragm may be a conductor or non-conductor of 
electricity and if of conductive material it should be insulated from the electrodes. 
The effect of the diaphragm is to divide the generator into two or more parti- 
tions, and the gases as generated will rise to the top of the partition, there to be 
drawn off by means of pipes which lead to header pipes connecting a line of cell 
generators, each gas, of course, being drawn off by means of separate pipe lines. 
The header pipes in turn are connected to a main gas line which leads the gases 
to their respective gasometers. From the gasometers the gas is drawn off by 
means of compressors and compressed into storage tanks for use. 

6003 . The majority of installations require a motor-generator set to obtain 
the required voltage for operating. The current must be direct. The motor- 
generator set should be heavily built in order to operate on a twenty-four hour 
load. The compressors employed are specially adapted for handling these gases. 
The size and character of the gasometers used, of course, depends on the size of 
the installation. 

6004 . When reviewing different processes of making hydrogen for the purpose of selecting 
one adapted to a particular local requirement the cost of electric power for the operation of 
electrolytic cells is usually the chief factor involved in the consideration of the methods 
described in the present chapter. While labor costs are low depreciation charges are rather 
high. There is also the relatively small item of distilled water supplied to the cells to replace 
water undergoing electrolysis. About 6 gal. of water are required to produce 1000 cu. ft. 
of hydrogen. 

6006. D’Arsonval, in 1885, was perhaps the first to install a plant for fur- 
nishing oxygen electrically in the laboratory. He used 30 per cent caustic soda 
solution as electrolyte, cylindrical sheet-iron electrodes, a current density of 2 
amperes per square decimeter, and enclosed the anode in a woolen bag, to serve 
as a diaphragm. Only the oxygen was saved. The apparatus used sixty amperes, 
furnished some 100 to 150 liters of oxygen daily, and was in use several years. 

6006 . Latchinoff used an asbestos cloth partition, 10 per cent caustic soda 
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solution, iron electrodes, 3.5 amperes per square decimeter and 2.5 volts working 
tension; or with a 5 to 15 per cent sulfuric acid solution he used lead anodes and 
carbon cathodes. In his first apparatus, Figs. 184 and 185, the units were all in 
parallel, but afterwards he used series electrodes, the one side of an electrode act- 
ing as an anode and the other as a cathode; a series of forty was used on a normal 
lighting circuit, with current density of 10 amperes per square decimeter, and 




parchment partitions between the electrodes to separate the gases. Latchinoff 
was also the first to carry out the decomposition under pressure, using a strong 
iron vessel as electrolyzer, and by an ingenious system of floating valves keeping 
the pressure of the two gases equal in the apparatus. Fig. 186 shows this appa- 
ratus, the action of which will be evident from a short inspection. 1 

6007. Garuti, in 1892, introduced a new electrolytic principle into the 
apparatus for the decomposition of water. He used a nearly complete metallic 
partition between the electrodes, and avoided the evolution of gases on this par- 
tition by keeping the working voltage between the electrodes below 3 volts. 
A metallic partition can only act as an intermediate or bipolar electrode by virtue 
of the current entering and leaving it; but this would make two decompositions 
between the original electrodes, necessitating an absorption of 2 X 1.5 = 3 
volts in decomposition. As long as the working voltage is kept below 3, the par- 
tition must act merely as a partition, the same as a non-conducting diaphragm. 

1 This apparatus allowed of pressures up to 120 atmospheres. (Taylor, Industrial Hydro- 
gen, 1921, p. 108.) For recent developments in the production of electrolytic hydrogen under 
pressure, see para. 6069.) 
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Reference to Figs. 187, 188 and 189 will make this entirely clear. If 2 electrodes 
are placed in a vessel (Fig. 187) containing acidulated water and are separated 

by a sheet of metal c (Fig. 188), two 



separate decomposition chambers result 
and the sheet metal serves as a bipolar 
electrode, so that the side towards the 
anode evolves hydrogen and that towards 
the cathode, oxygen. Since the 1.5 volts 
are required for the decomposition of water, 
the cells M and N will require 3 volts. If 
the diaphragm is raised somewhat so the 
chambers M and N are in communication 
(Fig. 189) the evolution of gas will take 
place only on the terminal electrodes and 
not on the intermediate conducting septum. 
The latter becomes a bipolar electrode only 
when the electromotive force exceeds 3 
volts. The advantage gained by the Garuti 
process is in the simplicity and economy of 
making the partitions of sheet metal in- 
stead of burnt clay, rubber, glass, etc. 

6008. Garuti devised many modifica- 
tions in the details of his cells, of which 
Fig. 190 is representative. The original 
forms made of sheet lead (using dilute sul- 
phuric acid electrolyte) got out of shape too 
easily, and were replaced by sheet-iron 
apparatus, using caustic soda solution. 


Fio. 186. The electrodes are only 12 millimeters from 


each other, and separated by a sheet-iron 
partition with small perforations in it, the latter allowing free passage of cur- 
rent but being too small to allow any gas bubbles to pass. The alternate 



Fio. 187. 


Fio. 188. 


Fio. 189. 


compartments are connected with oxygen and hydrogen mains, in which are 
enlargements for collection of spray and moisture, which runs back into the 
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cell. Current densities of 2 to 3 amperes per square decimeter are pos- 
sible with a working voltage between 2.45 and 3, using caustic soda solution of 
21° B 6. The cell shown in Fig. 191 is intended to take 400 amperes, and to 
require 1 kilowatt of power. 

6009. Another Garuti generator consists of 45 separate compartments made 
of 16-gauge sheet iron welded together to form a single unit.* The sides of 
the compartments are used as dia- 
phragms and are usually perforated 
(Fig. 192) to allow circulation of the 
electrolyte but not the gas. The perfora- 
tions extend lengthwise along the lower 
edge of each compartment wall 3 in. 
from the bottom, forming a perforate 
strip 2\ in. wide. An electrode is placed 
in each compartment and the electrodes 
are alternately positive and negative. 

All like electrodes are connected to- 
gether. Each compartment is j in. in 
width and 30 in. long. 

6010. The electrodes are insulated 

from the compartments and are pre- 
vented from coming in contact with 
the walls by means of small porcelain 
insulators. The gas from all of the 
hydrogen-producing compartments is 
collected in a gas bell welded to one 
side of the cell proper and is led through 
a water seal and to a header pipe and 
then to a gasometer. The oxygen gas 
is handled in a like manner. The cells 
as well as the container tanks and pipe 
lines are insulated from the ground. Fio. 190. 

The pipe from the cell to the header pipe 

is insulated from the latter by means of a sleeve of rubber and glass. 1 

1 In 1892 Garuti took out a patent (Brit. Pat. 15,588, Apr. 25, 1892) describing an appara- 
tus consisting of a container having an inverted leaden case with partitions of sheet lead 
soldered together so as to form a caso divided into parallel colls open only to the water at the 
bottom. The partitions of the cells separate the anodes and cathodes which are placed alter- 
nately and arc insulated in tho cells by means of combs made of suitable material. In 1890 
Garuti and Pompili (Brit. Pat. 23,603, Oct. 24, 1896) described an improvement on tho former 
patent, involving the perforation of the diaphragms in their lower part by small holes as 
near as possible to each other. See also U. S. Pat. to Garuti 534,259, Feb. 19, 1895, and Garuti 
and Pompili 029.070, July 18. 1899. 

1 When tho Garuti cell is first installed the efficiency will often be as high as 6 cu. ft. or so 
of hydrogen per kw.-hour, but the depreciation is said to be perhaps more rapid than in some 
other types of generators and in timo the hydrogen output may drop to about 5 cu. ft. Thus 
under the normal operating amperage of 350 to 400, from 2| to 3 volts per cell will be required. 
The rather rapid depreciation of the generator is said to have held back its use to some extent. 
Owing to the lightness of tho materials employed and also possibly because of insufficient 
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6011. Siemens Bros. & Co. and Obach devised the apparatus shown in Fig. 
199, the principle being similar to that of the Garuti. The cast-iron vessel a is 



Fig. 191. 


surrounded by heat-retaining material, in order that the temperature of the cell 
may be automatically raised and thus its running resistance lowered. A cylin- 



Fia. 192. Fia. 193. 

Perforated Compartment Walls of the Garuti Generator. 


drical iron anode / is separated from the encircling cathode g by a cylinder of 
wire netting c, held in place by the porcelain block k. The electrolyte is dilute 

electrode surface, the anode is liable to be attacked and eventually worn away. The minute 
particles of iron or iron compounds formed are said to have a tendency to be deposited on the 
cathode. The insulators, employed to prevent the contact of electrode with the compart- 
ment wall, form a convenient place of deposit for the iron particles with possible danger of 
causing a short circuit between the electrode and the compartment walls. If one compart- 
ment is short circuited the entire cell becomes “shorted” and this short circuit will cause the 
generation of mixed gas. The entire cell should be dismantled about once a year and cleaned 
with either a stream of water or by means of a sand blast. 

The American Oxhydric Company, Milwaukee, Wis., have used generators of the Garuti 
type. 
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caustic soda; the gases escape above from the spaces n and m. The whole 
apparatus is set on insulating porcelain feet. The normal type of apparatus is 
built to take 750 amperes at 3 volts drop of potential, and furnishing 11 cu. m. 
of oxygen and 22 cu. m. of hydrogen per twenty-four hours, using up 162 kilo- 
watt-hours. 4 

6012. Fiersot describes 5 an apparatus of Siemens and Halske for the elec- 
trolysis of water in which a 10 per cent solution of potassium carbonate is used 
as electrolyte. One hundred and thirty-four grams of water are decomposed per 
kilowatt-hour. By heating the electrolyte the output 
may be increased by 8 per cent. The electrolytic 
oxygen thus produced is on the average 97 per cent 
pure, while the hydrogen contains 1 per cent of 
oxygen. 

6013. Another form of metallic diaphragm cell 
has been devised by Fischer, Luening and Collins. 4 
The generator consists of a tank containing an electro- 
lyte in which an indifferent number of independent, 
preferably oblong, metallic cases are submerged. An 
illustration of the case is shown in Fig. 201. The case 
is open at the bottom and is divided into a pair of 
cells by a metallic diaphragm. Electrical connections to the anode and cathode 
and exit pipes situated on the upper side of the case are provided for the re- 
moval of the gases. 

6014 . The electrolytic cell of Tommasini as shown in Fig. 202 contains vertical anodes 6 
and cathodes in the form of inverted U-shaped receptacles 5. The outside of these receptacles 
5 is covered with an insulating apron 7 which extends to a point above the liquid line, and to a 
point below the lower edge of the cathode 5 proper, so that an overhanging apron 8 is provided. 
The gases evolved at tho plates 6 and accumulated in the top of the inverted receptacles 5 are 
conducted off separately, the hydrogen passing through tho pipe 12 into the safety device 14. 
The height of water is less in the safety device 14 than in the receptacles 5, so that when the 
pressure of the hydrogen gas becomes so great as to tend to press the fluid out of the chambers 
5 (which would result in the mixing of the hydrogen with oxygen) the pressure of the hydrogen 
gas will first press the water out of the receptaclo 19 and pass out of slots 20, so as to relievo 
the pressure in the receptacles 5. The aprons 8 at tho bottom of the compartments 5 also pre- 
vent mixing of the two gases. 7 

6016 . BufTa, 8 writing of metal partition electrolytic cells, says that, in practice, iron elec- 
trodes in a 1 1 per cent solution of caustic soda have been found to be most convenient and eco- 
nomical. The electrolyte is covered with a film of mineral oil, in order to prevent absorption 
of carbon dioxide from the air. It has been observed that the same protective action is 
afforded by a film of water vapor, which obtains when the temperature of the electrode is 
fairly high; when, however, the temperature drops to 10° C. or under, absorption of carbon 
dioxide takes place rapidly. 

6016. The multiple cell of Schmidt 9 looks somewhat like a filter press, Fig. 
203, and consists essentially of bipolar iron electrodes connected in series. Each 

4 Jour. Franklin Inst., 1906 , 392. 

• Electrochemical Ind., 1904 , 28. 

4 U. 8. Pat. 1.004.249, Sept. 26, 1911. 

7 U. 8. Pat. 1,035,000, Aug. 6. 1912. 

4 Electrician , 1900 , 46. 

•Ger. Pat. 111,131, June 13. 1899. 
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frame in the press contains an iron electrode, which acts as a double-pole (bipo- 
lar) electrode, sheets of asbestos cloth held between the frames acting as parti- 
tions, reinforced with rubber on the edges for making tight joints. The elec- 
trolyte is a 10 per cent solution of potassium carbonate, filled into the apparatus 
through the standpipe on the right, which 
communicates with all the compartments 
through holes in the frames similar to 
the usual filter-press construction. The 
gases evolved escape by similar passages 
into the cylinders on the left end, where 




Fio. 199. 


Fio. 200. — Plan and Elevation of 
Siemens Bros, and Obach Generator. 


they separate from the electrolyte and pass upwards, while the electrolyte, 
dragged by the gas bubbles, flows downwards back into the apparatus, thus 
maintaining an efficient circulation. With forty plates about 2.5 volts are 
absorbed in each cell, using a current density of about 2 amperes per square 
decimeter. 

6017. The apparatus is shown in detail in Fig. 204. A 110-volt direct- 
current lighting circuit may be employed for the operation of a series type 
apparatus composed of the requisite number of cells. The press has to be taken 
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apart and cleaned every six weeks and the asbestos diaphragms have to be 
renewed from time to time. 

6018 . An electrolyzer for the production of pure hydrogen and oxygen which is suggestive 
of the Schmidt type has been designed by Eycken, Leroy and Moritz. 10 The electrode plates 



Fio. 201. 


are built up with separating diaphragms of asbestos, in the form of a filter-press. Openings 
in the top of each plate form two channels for the escape of the gases. The gases are kept at 
a pressure above that of the atmosphere, rendering the danger of accidental mixing remote. 
The electrodes and diaphragms are kept clean by making the first electrode hollow, and in 



Fig. 202. 


the form of a large reservoir, in which the sediment accumulates and from which it may be 
removed from time to time. This reservoir is divided into two parts, into which the gases 
pass, through the electrolyte, the pressure being maintained constant, and the delivery of the 
gases regulated by two floats and balanced valves. 

10 French Pat. 397,319, Dec. 9, 1908. 
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6019 . Siegfried Barth of Dtissoldorf has built "oxhydrogenorators" constructed in accord- 
ance with the foregoing system. The parts of the 
generator are very heavy so that durability is 
insured. The electrode plates are insulated by 
extra heavy, almost indestructible, diaphragms. 
A very powerful circulation of the electrolyte over 
the surface of the electrode is obtained, resulting 
in an efficient removal of the gas particles which 
otherwise would cling to the electrodes for a con- 
siderably longer period. Great pains have been 
taken to guard against mixing of the gases so as 
to procure pure products. Caustic soda or potash 
in distilled water is used as the electrolyte. When 
used uninterruptedly, the cell becomes warm and 
its output is improved, and for intermittent opera- 
tion a steam-heating arrangement is attached to 
the generator so that it may be heated quickly 
and brought to full capacity without loss of time. 
The ordinary type of this generator is made to 
deliver both hydrogen and oxygen under a pres- 
sure of al>out 50 to 80 cu. m. water column, but 
special forms are furnished which operate under a 
pressure of about 4 kilos (8 to 9 pounds). A 
generator having an output of 6.6 cu. m. of hydro- 
gen and 3.3 cu. m. of oxygen per hour, requiring 
160 amperes at 250 volts is 4.4 m. long, 0.72 m. 
wide, and 2.05 m. in height, and weighs 6600 
kilos. (Fig. 205.) 

6020 . Another apparatus of the filter-press 
type 11 is designed especially to produce the gases 
at relatively high pressuro without the purity of 
the product being affected. Fig. 206 shows a form 
of electrode plate and Fig. 207 a view of one end 
of the generator, showing a collecting tower with 
regulator float and a series of plate electrodes. 11 
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F,a - 204 - 11 Moritj, U. S. Pat. 981,102, Jan. 10. 1911. 

11 In the generator of L’Oxhydrique francaise 
(French Pat. 459,967, Sept. 21, 1912, and addition, June 25, 1913), the diaphragm of each 
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6021 . Shriver 13 devised an apparatus composed of several flat plates, form- 
ing the electrodes, bound face to face to form a cell of the filter-press type, each 
of the plates being recessed centrally to form a cell between the faces. A dia- 
phragm is arranged between each pair of plates to separate the gases formed 
on the faces of adjacent plates, the gases being led from the recessed portions 
to closed gas chambers above, through ducts in walls separating the chambers 
and recesses. The gases are conveyed from the gas chambers to horizontal ducts 
extending through non-recessed parts of the plates from face to face, so that the 
recessed portions may be completely filled with liquid to a level normally higher 
than the horizontal ducts, without fear of the electrolyte entering the gas ducts. 14 
See Fig. 208. 



6022 . The International Oxygen Company has developed an oxygen and 
hydrogen generator of the filter-press type under the name of the I.O.C. bipolar 
generator. 16 See Figs. 209, 210 and 211. The unit type of generator produces 
3.2 cu. ft. of oxygen and 6.4 cu. ft. of hydrogen per clock hour and 4 cu. ft. of 
oxygen and 8 cu. ft. of hydrogen per kilowatt hour. 

6023 . The I.O.C. Bipolar Generator consists of a series of metallic plates (electrodes) 
clamped together in a heavy frame, electrically insulated from one another and separated by 
diaphragms of porous fabric. Each pair of these electrodes forms a closed cell, divided by 
the diaphragm. These cells are filled with an alkaline electrolyte (caustic potash or soda). 
An olectric current admitted at one end plate passes on through the plates and the solution 
to the other end plate. In its passage, it decomposes the water in the solution into tho two 
gases — oxygen and hydrogen which are released on opposite sides of each plate and emerge 
upward into tho gas offtakes. 


element is composed of asbestos fabric, which is nipped between two wooden frames. Tho 
latter are bored so as to provide conduits for the evolved gases and tho electrolyte. Tho 
electrodes are composed of light sheet iron, grooved or corrugated, so as to possess as much 
active surface as possible. The electrodes may be nickeled on their anode sides. The appa- 
ratus comprises a scries of such elements. See also U. S. Pat. Reissue 13,043, Nov. 11, 1913. 

13 U. S. Pat. 1,181,549; 1916, 1023. 

14 Seo also U. S. Pat. 1.239,530. Sept. 11, 1917; 7.S.C.7., 1917, 295. 

16 Levin, U. S. Pat. 1,094,728; French Pat. 467,945, Jan. 31, 1914; Brit. Pat. 3,654, Feb. 
12, 1914; Met. Chem. Etiq. % 1916, 108; U. S. Pat. 1,199,472. Hepburn has designed a bipolar 
generator (U. S. Pat. 1,213,871; Brit. Pat. 12,730, 1915). 
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6024. The mingling of the oxygen and hydrogen in each cell or compartment is prevented 
by the diaphragm and, as the gases are released and withdrawn, the solution is automat- 
ically replenished from a supply tank. The operation is continuous so long as current and 
electrolyte are supplied. In the smaller type of generator, the electrodes are carried on two 
steel rods supported on two heavy end pieces or pedestals of cast 
iron. In the larger generator, the side rods are replaced by steel 
bars. The construction is one of extreme rigidity, absolutely 
proof against any distortion and consequent disarrangement of 
electrodes, with resultant leakage. The electrodes are clamped 
together by a heavy screw working in the rear support. A ball 
thrust bearing is interposed between the end of the clamping 
screw and the rear end plate, contributing to the tightness of 
the generator by doing away with the tendency of the electrodes 
to “ride up” from the side bars under screw pressure. The 
electrodes are of a special design, 16 the anode side being heavily 
nickeled, while the cathode side of commercially pure iron. 

The surfaces of the electrodes carry vortical corrugations 
which are interrupted by a largo number of depressions to 
facilitate the flow of electrolyte into the cell and the release of 
the gases from it. At top and bottom of each electrode are 
two openings communicating by a cored channel with opposite 
sides of the plate. Those at the bottom are for the water intake 
and those at the top are for the gas offtake. 

Each half of each cell (separated by the dia- 
phragm) has its own independent water 
intake and gas outlet, so that there can be 
no possiblity of the two gases mingling 
through these channels. Any gas leakage 
which may occur between the electrodes 
escapes to the open air and not into the 
adjacent cell or into the gas offtakes. The 
diaphragms are of especially prepared asl>es- 
tos fabric. All around the edge of this fabric 
is molded a packing rim of pure rubber 
which rests in a recessed groove on the face 
of the electrode. 

6026. In a generator of this kind, an essential of power economy is that all the current 
supplied the machine shall pass through the electrolyte and none of it be by-passed through 
the metal of the machine or through the water inlets and gas outlets. The electrodes are 
insulated from the side bars of the frames by porcelain insulators. The electrodes are insu- 
lated from one another by the pure rubber packing rim surrounding the diaphragm, and by 
nipples of pure rubber inserted in the water intake and gas offtake shoulders of the electrodes. 
These nipples, when the apparatus is closed, meet one another and not only insulate the elec- 
trode shoulders but also provide an insulating tube in the interior of the water intakes and gas 
offtakes. The gases rising from the electrodes and entering the gas offtakes, carry with them 
a small percentage of the electrolyte which, if allowed to enter the external piping system, 
would “ground ” the apparatus and permit tho escape of current. To guard against this con- 
tingency, there is provided in the gas offtake system insulating pipe sections, each consisting 
of two sections of heavy glass tube clamped between iron flanges and so devised as to inter- 
cept and drain off through an insulating connection the moisture entrained in tho gases. The 
gases go through these insulators substantially dry and free from electrolyte. Tho nickel 
anode and iron cathode have been found to materially facilitate tho electrolysis, and to lower 
the over-voltage. Incidentally, these bi-metallic electrodes prevent the formation of rust and 
oxides which would shorten the life of the apparatus. Tho design of the generator is such as 
to retain within the apparatus most of the heat produced as a result of the resistance to the 
flow of electricity. This keeps the electrolyte and the electrodes at a comparatively high tem- 
perature. which adds to the efficiency of the electrolytic process. On the front of the generator 
are two tanks with glass water-level indicators, which carry the solution. Pipes descend from 
these tanks to a water-feed manifold which branches into two pipes connecting independently 
to the two water intakes to tho cells and also into two risers leading to two independent gas 

11 U. S. Pat. 1,153,168 to Levin. 
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domes above. Into these domes, the oxygen and hydrogen are separately discharged as gen- 
erated, the gas offtakes opening through an inverted "U" below the fluid level. The proper 
fluid level is automatically maintained throughout the system. The two independent water 
intakes to either side of each electrode prevent mingling of oxygen and hydrogen through the 
water supply. The two gas off-takes discharge into the two independent gas domes already 
referred to, the gas emerging below the fluid surface through an inverted " U." The pressure 
on both gases, clear back to the individual cells, is the same — this being controlled by the 
hydrostatic head in the domes through which the gases pass. The gases escaping from the 
gas offtakes rise through the fluid in the gas domes and pass out through discharge pipes at 
the top of the domes — thence downward to purgers on either side. These purge rs are closed 
boxes of cast iron filled with water to a certain level. The gases escape below the surface of 
the water, and pass upward through it into the supply lines to the gas holders. The function 
of these purgers is to catch any entrained electrolyte in the gas, to cool the gas, and to act as a 
water-check valve protecting the pressure system of the generator from any undue pressure 



Fio. 209. 


of the gasholders. A signal whistle is provided which gives notice when the level of the solu- 
tion in the generator falls below the prescribed level. Glass sight-feed indicators on the solu- 
tion tank and gas domes show the fluid level and reveal tho generation of the gases. Gauge 
glasses connecting with the electrodes at intervals along the generators show the fluid levels 
in the body of the apparatus. 

6026 . Figures 212 and 213 show a single section or unit and Fig. 213a indicates 
the method of assembling the sections of a compact form of hydrogen generator 
developed by the International Oxygen Company. Although of the single 
unit type, the cell is but 3i in. thick and in consequence 100 cells can be stacked 
in a lengthwise space of less than 30 ft. The cells are approximately 3 ft. 6 in. 
wide and as installed are not in excess of 6 ft. high. They occupy less space 
than the filter-press type. These unit cells when operating at their normal 
current of 600 amperes will produce 4.8 cu. ft. of oxygen and 9.6 cu. ft. of 
hydrogen per clock hour. They require 2.22 volts per cell, which establishes 
a kw.h. efficiency of 3.65 cu. ft. of oxygen. When operated at a current 
less than 600 amperes the electrical efficiency is considerably increased but the 
capacity is decreased and when operated in excess of 600 amperes there is an 
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increased capacity but a slight falling off in electrical efficiency; 600 amperes 
has, therefore, been adopted as a compromise between initial cost of installation 
and operating cost. 



Fio. 210. 


6027. As indicating the flexibility of this equipment there is tabulated 
below, the approximate performance at currents up to as high as 1000 amperes. 


Current 

Volt* per 
Cell 

Cu. ft. Oxygon 
per Hour 

Cu. ft. Hydrogen 
per Hour 

Cu. ft. Oxygen 
per KWH 

Cu. ft. Hydrogen 
per KWH 

300 

1.94 

2.4 

4.8 

4.17 

8.34 

400 

2.04 

3.2 

6.4 

3.97 

7.94 

600 

2.13 

4.0 

8.0 

3.80 

7.60 


2.22 

4.8 

9.6 

3.65 

7.30 


2.38 

6.4 

12.8 

3.40 

6.80 

1000 

2.54 

8.0 

16.0 

3.16 

6.32 
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6028 . An electrolytic apparatus, of the filter-press type, designed by Dohmen 17 is com- 
posed of a series of cells, each comprising a thin quadrilateral wrought-iron frame having a 
single central opening, and with two passages through the top of the frame. A detachable 
sheet metal electrode is secured in the opening of the frame, and the top of the latter is also 
provided with two gas-separating chambers one at each end. The chambers extend laterally 
in a downward direction to the active faces of the electrodes for conducting the gases from 
opposite sides to the two passages. 

6029 . Schoop, in 1900, devised an apparatus with non-conducting and non- 
porous partitions, which once had considerable commercial use. Figure 214 



Fio. 211. 


shows the section of the apparatus, where aa are the tubular electrodes of sheet 
hard lead, enclosed by glass or clay suspended tubes c, which are perforated at 
their lower end; the electrode surface is further increased by fine hard lead or 
iron wires hung inside the tubular electrodes, the latter being perforated above 
the level of the electrolyte in order to let the internally generated gas escape. 
Each cylinder contains two anodes and two cathodes. When alkaline electro- 
lytes are used and iron electrodes, the working voltage is 2.25; when sulphuric 
acid of density 1.235 is used, with hard-lead electrodes, the working voltage is 

17 U. S. Pat. 1,211,687, Jan. 9, 1917, J.S.C.I. , 1917 , 295. 
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3.6 to 3.9. Fig. 215 shows a single electrode and Fig. 216 an installation of 
the Schoop system. 18 


6030 . Details of construction of an electrolytic apparatus for the production of hydrogen 
and oxygen are given by Van Scoyoc 19 in which the operation is rendered continuous by the 
use of automatic float-valves. The level of the acidulated water in the electrolyier is main- 



Fio. 213a. 


tained constant by means of a float-valve in the supply pipe. The two electrodes are placed 
in two compartments which aro open at the bottom. Each compartment is divided into a 
lower and an upper chamber, connection between the two being made by automatic float- 
valves. When tho pressure of the gases generated in the lower chambers becomes great 
enough to lower the level of the water, tho valve is opened and the gases pass into the other 
chamber and then into gas bags. 

18 Schoop ( Zeitschr . Elektrotechn. Wien , 1900, 18 , 441) discusses the difficulties met with 
in the construction of a suitable apparatus for the technical electrolytic manufacture of hydro- 
gen and oxygen, and gives a description of patents dealing with this subject. In the Schoop 
apparatus it is claimed that 1.5 cu. m. of hydrogen and oxygen are produced per 11 horse- 
power hours. Richards (Jour. Franklin Inst., 1905 , 390) notes that the output is given as 68 
liters of oxygen and 136 liters of hydrogen per electrical horse-power hour. A description of 
the Schoop system is given in the Centralblatt f. Accum ., Feb. 15, 1903. It is stated that the 
length of the tubes is chosen according to the pressure under which the gases are wanted. 
The following results were obtained with the Schoop apparatus during one year: One elec- 
tric horse-power hour gives 97.5 liters of hydrogen and 48.75 oxygen (probably under atmos- 
pheric pressure); i.e., for 1 cu. m. of mixed gas 6.8 horse-power hours are required; with 
warm acid (sulphuric acid of 1.23 specific gravity being always used) this value is reduced to 
6.2 horse-power hours; if the price of one horse-power is 1 cent, the cost of the production of 
1 cu. m. of mixed gases is 4.2 to 4.8 cents. The purity of the oxygen is 99 per cent, that of the 
hydrogen 97.5 to 98 per cent. 

w U. S. Pat. 813,844, Feb. 27, 1906. 
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6031. Aigner charges an alkaline electrolyte into an iron vessel G, Fig. 217, in which an 
iron drum T rotates, the outer surface of the latter being amalgamated. The upper part of 



G is divided into two compartments R and Ri by the partition 5, which extends downwards 
nearly to the drum T. The oxygen and hydrogen are led off through separate outlets in the 
cover D. The electrolyte is introduced and withdrawn through the opening L . At the anode 
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A hydroxyl ions are depolarized, with formation of water and gaseous oxygen, the latter 
escaping into the compartment R, while an equivalent quantity of sodium ions is depolarized 
and combines chemically with amalgam on the surface of the drum adjacent to the anode. 
When this portion of the drum comes below the cathode K hydroxyl ions are depolarized with 
formation of sodium hydroxide, the sodium being redissolved from amalgam, while sodium 
ions are depolarized with formation of sodium hydroxide and gaseous hydrogen. 10 

6032. The electrodes of the Cowper-Coles generator 21 consist of metallic 
sheets provided with tongues, which project downwards at an angle of about 
45 degrees with the faces of the sheets. These electrodes are placed in separate 
collecting boxes or chambers, the liberated gases being guided into the latter by 
the inclined tongues of metal which project within openings in the sides of the 


D 




Fiq. 218. 


chambers. A battery of generators may be enclosed in a water jacket and pro- 
vided with means for keeping the solution in each cell at a common level. 

6033 . With the object of completely preventing admixture of the two gases and at the 
same time keeping the electrical resistance low, Vareille arranges the electrodes as shown in 
Fig. 218. Vertical rows of V-shaped troughs are provided with suitable insulation and serve 
to separate the positive and negative electrodes which are placed on opposite sides. The 
extremities 20 of these troughs are lower than the ends of the electrodes 13, so that the bub- 
bles of gas coming from the latter cannot mix. The electrodes are both insulated from the 
container. 11 In a modification, the troughs, described above, for the separation of the elec- 
trodes are replaced by vertical series of elements each of triangular section, and either solid 
or hollow. Each electrode consists of a sheet, with U-shaped pieces bound on each side with 
rivets. The gases are collected in bells, either stamped out of sheet metal or consisting ol 
sheets cut out and folded, and united at the angles by autogenous soldering. 11 

6034 . Water is made more conductive, according to McCarty, 24 by the addition of tar- 
trate of potassium, tartrate of sodium, or any of the citrates or other equivalents, and sul- 

10 Ger. Pat. 198,626, Nov. 13, 1906. 

11 Brit. Pat. 14.285, Dec. 20, 1907. 

11 French Pat. 355,652, June 27, 1905, and U. S. Pat. 823,650, June 19, 1906. 

11 First addition, Oct. 28, 1908, to French Pat. 355,652. 

14 U. S. Pat. 736,868, Aug. 18, 1903. 
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phuric acid. The apparatus 25 consist a of two tanks, connected by a pipe at about half their 
height. Each tank consists of an electrode, so located that the upper ends are about in a line 
with the axis of the connecting pipe, through which the current passes from one tank to the 
other. Each of the two tanks has an outlet at the top through which the gases generated may 
be led to suitable holders. 

6035 . Another apparatus 26 consists of two receptacles, each containing one electrode and 
connected by a conduit near the bottom. Each electrode is a plate of platinum coiled upon 
itself a number of times and has a projecting terminal portion directly opposite the end of the 
conduit. In still another type 17 the electrolytic cell is divided into two compartments by 
means of a solid diaphragm, which is perforated, short glass tubes being inserted in each per- 
foration. 

6036 . Jaubert 28 recommends a type of electrolytic hydrogen generator having electrodes 
covered by bells brought near to each other to diminish the resistance. The active surface of 



Fig. 219. 


each electrode projecting below the lower level of the bell is inversely proportional to the 
volume of gas liberated at each electrode, while the volume of each bell is directly propor- 
tional to the volume of gas liberated. The bells are provided with cocks, or outlet collectors 
for the gases, and with insulated sleeves for the cables connected to the electrodes. 

6037. Renard’s apparatus for the generation of hydrogen is shown in Fig. 219. 
The container is made of cast iron and serves as the negative electrode. The 
cylinder C of asbestos material encloses the positive electrode, which is cylin- 


26 U. 8. Pat. 721,068, Feb. 17, 1903. 

” U. S. Pat. 816,355, Mar. 27, 1906, to McCarty. 

27 U. 8. Pat. 814,155, Mar. 6, 1906, to McCarty; see also 813.105, Feb. 20, 1906. 

28 Brit. Pat. 102,974, Dec. 28, 1016; J.S.C.I., 1917, 602; see also U. 8. Pat. 1,255,096. 
Jan. 28. 1918. 
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drical in shape and is made either of iron or nickel. Through the bottom of the 
diaphragm cylinder the U-tube R establishes communication between the inner 
and outer vessels. The electrolyte is a solution made by dissolving 15 parts of 
caustic soda in 100 parts of water. Before the gases are passed to the gas holder 
they are led through the pressure equalizer marked H and 0. With a current 
of 25 amperes at 3.5 volts a yield of 12 liters of hydrogen and 6 liters of oxygen 




per hour is obtained. A form of construction of the Renard 19 type is shown in 
Fig. 220 and also in Fig. 221. 

6038. The apparatus of the Schuckert system 30 is constructed, with the 
exception of the copper feed wires and the insulating material, entirely of iron. 
The cell proper of a unit designed to accommodate 600 amperes consists of a 
cast-iron trough (Fig. 222), approximately 26 in. long by 18 wide and 14 deep, 

» Delmard, Gcr. Pat. 58.282, Nov. 23, 1890. 

30 Elcclrochcm. lnd., 1903 , 579 . 
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requiring, when in operation, about 50 liters of electrolyte. In this trough are 
placed the iron electrodes. These are separated by strips of a good insulating 
material, extending from the top downward about three-fourths the depth of the 
cell. Between these separating plates and enclosing the electrodes are sus- 



Fio. 222 . — Schuckert Cell. 


pended iron bells, which collect and carry off the gas there generated. The 
electrolyte is usually a 20 per cent aqueous solution of pure sodium hydrate, 
although a 15 per cent solution may be used. The concentration is maintained 
by supplying to the cells an amount of distilled water equal to that decomposed 



Fio. 223 . — Longitudinal Section or Schuckert Cell. 


and carried away mechanically by the gas. The loss of sodium hydrate is inap- 
preciable and may be entirely eliminated if the first wash water be used as feed 
water for the cells. The units may be connected either in series or parallel with 
a drop of potential between electrodes of from 2$ and 3 volts. The apparatus is 
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operated most economically at a temperature of 70° C. When the cells are pro- 
tected from radiation, as can be done, for example, by placing them on wooden 
boxes and packing them in one or two inches of sand, the heating effect of the 
passing current is sufficient.* 1 

6039 . The standard types of apparatus are design ed to take from 100 to 1000 amperes, 
and to furnish gas at a pressure equal to water column of 70 to 80 mm. For special purposes 
a cell delivering gas sustaining a water column of 760 mm. may be secured. The production 
of normal types of apparatus is about 150 liters of hydrogen and 75 liters of oxygen per kilo- 
watt-hour when measured over water at atmospheric pressure and at 20° C. The attention 
required for a plant of this kind consists simply in supplying the requisite amount of water to 



Fio. 224 . — Cross Section or Schuckert Cell. 


maintain the concentration constant. When in continuous operation the positive electrode, 
which is made up of a sheet iron plate two millimeters thick, should be replaced at the end of 
each year. 1 * 

6040. Figure 225 shows the interior of a plant furnishing 1200 cu. m. hydro- 
gen daily. Figure 226 shows the exterior of this plant. An equipment for an 
hourly production of 4 cu. m. hydrogen is shown in Fig. 227. Figure 228 is a 
compression room for charging cylinders with oxygen at 150 atmospheres pres- 
sure. 


6041 . A modified form of the Schuckert cell, as shown in Figs. 229 and 230, comprises a 
container tank, constructed of welded sheet iron and a number of positive and negative elec- 
trodes immersed in the solution. Eight separate bell castings are employed to house the elec- 
trodes and collect the gas as it is generated. These bell castings are made of a close-texture 
gray iron and are suspended from tho top of the container tank by means of U-shaped steel 
supports. The container tank and the bell castings play no part in the operation of the gen- 
erator and are insulated from the electrodes and all current-carrying metal. Tho electrodes 
are made of steel plates to each of which are welded two steel rods, both rods serving as ter- 
minals as well as supports for the electrode, holding it in position within the bell castings. 
The electrodes are alternately positive and negative. All of the positive electrodes are con- 
nected together by means of bus bars across the top of the tank and are led to a common 

,l The Elektrisit&ts-A.-G. Vorm. Schuckert A Co. have taken out German Pat. 231,545, 
Aug. 13, 1910, for the addition of soaps or soap-forming substances, preferably emulsified 
soaps, and of ferric oxide to the alkaline electrolyte employed. 

M See Sci. Am. Supply 1913, 363. 
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terminal. The negative electrodes likewise are connected together and led to a common ter- 
minal. Each bell casting is tapped for an eduction pipe to draw off the gas as generated. The 
four hydrogen pipes are connected together as shown and are led to the hydrogen pipe line 
connecting a battery of generators. The oxygen pipes are connected likewise. The electro- 
lyte fills the container and owing to its height above the electrodes the gas is generated under 
an appreciable pressure amounting to approximately 1 lb. per square inch. 


6042 . The novelty that distinguishes the Schuckert cell from the majority 
of other generators is the absence of any diaphragm in the construction. While 
a diaphragm is actually not used, still the sides of the bell castings act in the 
capacity of a diaphragm to prevent the mixing of the gases. 




rur 1 



Fio. 230. 


6043 . The working efficiency of the Schuckert cell under normal conditions 
of temperature is said to average from 4.5 to 5.5 cu. ft. of hydrogen per kilowatt- 
hour of electricity passed through it. Or, in other words, the voltage required 
to force 400 to 600 amperes through each cell will vary from 2.9 to 3.5 according 
to the condition of the plant. Too high an amperage results in so rapid an evo- 
lution of gas that there is a tendency under these conditions for the gas in one 
chamber to be forced down and under the wall of the next partition which, of 
course, will result in mixed gas or the escape of gas into the generator room. 

6044 . Another difficulty said to be met with in operating under high amper- 
age is the wearing away of the anode, charging the electrolyte with small parti- 
cles of iron compounds which show a tendency to be attracted to the cathode 
and gradually form a deposit. These accretions have been known to build across 
the space between the electrode and the bell castings causing short-circuiting and 
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permitting the bell castings to become charged, with consequent evolution of gas 
on its outer side and the escape of gas into the generating room.* 1 

6045. The Burdett system 34 of electrolytic apparatus consists of a varying 
number of generators or units, connected electrically in series. The unit, Fig. 
232, comprises a container enclosing the electrodes and electrolyte, but the 
walls of the container do not function as electrodes. It is usually mounted 
on concrete foundations and is insulated both from the ground and from the 
generator proper. The electrodes are arranged on the multiple system, there 

being a number of both positive and negative 
electrodes in each unit. The electrodes are sepa- 
rated from each other by a partition of specially 
prepared asbestos cloth which under the condi- 
tions of operation is permeable to the solution 
but not to gas. A bell or box casting, open at 
the bottom, is used for housing the electrodes and 
the asbestos diaphragm is stretched across the 
box casting from one side to the other, forming 
a number of compartments. In each of the com- 
partments an electrode is placed running parallel 
to the asbestos curtain or diaphragm. The elec- 
trical connections are so arranged that com- 
mencing with and including the first electrode, 
every other electrode is a cathode, the alternate 
electrodes being anodes. At the top of the con- 
tainer the electrode terminals are joined by means 
of copper bus bars, thus bringing all the anodes 
to a common anode terminal and all of the cathodes 
to a similar connection. 

6046. The gas generated at the electrodes rises and is collected in the sepa- 
rate gas-tight compartments. These compartments are joined by two cored gas 
passages in the bell casting and the gases pass through these passages into and 
through glass indicators and purgers to the gas mains. Inserted in each of the 
service mains is a gas meter, a flash-back, and a water purger which removes 
the water held in suspension in the gas and at the same time acts as a pressure 
regulator for the generators. Purifiers are usually inserted in each line to 
cleanse the gas. The hydrogen and oxygen are led to their respective gasom- 
eters and from there are compressed into storage tanks for use. By means of 
controls the compression may be taken care of automatically. 35 

33 The Schuckert apparatus is supplied by the Elektrizitats-A.-G. Vorm. Schuckert & Co., 
NOrnberg. In a private communication they state that an electrolyzer battery, capable, 
when running at a temperature of 50° to 60° C., of producing hourly 10 cu. m. of hydrogen, 
yields the gas of 99.5 per cent purity. 

The temperature of the electrolyzer room should be maintained at least at 15° C. In 
cold weather it must bo heated. An electrolytic hydrogen and oxygen generator of the bell- 
collector type is described by Benker ( J.S.C.I . , 1914, 256, and French Pat. 461,981, Aug. 29, 
1913). 

34 U. S. Pat. to Burdett, 1,086,804, Feb. 10, 1914. 

35 The author is indebted to Mr. Paul Pleiss for a description of the Burdett generator, also 
for some data on the Garuti and Schuckert cells. 
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6047. The automatic control feature of the Burdett apparatus is useful. 
By means of electrical regulating devices the entire electrolytic equipment is 
under automatic control. It also serves as a safety device, preventing over- 
generation of gas or undue pressure on any parts of the apparatus. The com- 
pressor, when the collecting gasometer reaches a predetermined height, will auto- 



Fio. 233. 


matically start, and will stop when the gasometer falls to a predetermined level. 
Electric control is provided which will stop the motor of the compressor when 
the storage tank pressure reaches a certain point, starting the motor when the 
pressure falls again, and another control is provided which will stop the genera- 
tion of gas when both gasometer and storage tank are charged to their full 
capacity. 



Fio. 234. 


6048. Figure 233 shows a battery of Burdett generators and Fig. 234 illustrate* a com- 
plete equipment embracing motor-generator, gasometers, storage tanks and automatio con- 
trol devices. Each generator operating under a current of 400 amperes will produce in excess 
of 6 cu. ft. of hydrogen and one-half this amount of oxygen per hour, or in round numbers. 
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150 cu. ft. of hydrogen and 75 cu. ft. of oxygen per 24-hour day with the gas measured at 20° C. 
and 760 mm. It is desirable to operate the plant as continuously as possible and a run of 
twenty- three or twenty-four hours per day is recommended. Each cell operating under nor- 
mal conditions will require, with a solution temperature of 80° F. about 2 volts for the passage 
of 400 amperes. Thus each cell requires about 800 watts (0.8 kilowatt-hour) per hour to pro- 
duce about 6 cu. ft. of hydrogen per hour. The efficiency of the generator is therefore high. 
If the cell generator be artificially heated the consumption of electricity may be decreased by 
about 10 per cent with a corresponding increase in the efficiency of the unit. The hydrogen 
will average in purity 99 per cent or higher. 

6049. Electrolytic apparatus designed by Hazard-Flamand 14 is shown in 
Fig. 235. Between the inner and outer electrodes a porous diaphragm is inserted 
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and a fluid seal is disposed about both sides of the top of the diaphragm and is 
composed of an outer seal and an inner seal, consisting of two concentric troughs 
one within the other. The electrolyte is fed into the inner trough, passes to the 
outer trough and is delivered from the latter on both sides of the diaphragm.* 7 

6050. One form of electrolytic cell which found considerable use (Inter- 
national Oxygen Company apparatus) is very simple, an outside view being 
given in Fig. 236 and a diagram in Fig. 237. The iron tank or container serves 
as the cathode, being connected to the negative pole of the electric supply 

u U. S. Pat. 1,003,456, Sept. 19, 1911, assigned to the International Oxygen Co. 

17 See also U. S. Pat. 646,281, Mar. 27, 1900, to Hazard-Flamand. 
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circuit. From the cover of this tank is suspended a perforated tank which 
serves as the anode, being connected to the positive pole of the supply circuit. 
It is made of a specially selected low-carbon steel, to prevent the formation 
of spongy rust. By means of an asbestos sack, suspended from the cover 
between anode and cathode, two separate compartments are formed. At the 
top these compartments are sealed by a hydraulic joint. Through an opening in 
the cover a solution of caustic alkali in distilled water is poured into the hy- 
draulic joint and distributed in the two compartments. The whole cell is placed 
on insulating supports of porcelain. 



Fio. 238. — Battebt or I. O. C. Generators. 


6061. The oxygen and hydrogen gases evolved do not pass directly from 
their compartments to the offtake pipes, but first bubble through water con- 
tained in the two “lanterns” on top of the cell. This enables the operator to 
see at a glance how the cell is working. The purity of the gases produced is 
very high. A sample of hydrogen produced by this electrolyzer, analyzed by 
the Conservatoire National des Arts et Metiers in Paris, showed 99.70 per cent 
hydrogen. 

6062. All that is required for the operation of the cell is the daily addition 
of somewhat over a gallon of distilled water to make up for the quantity decom- 
posed into hydrogen and oxygen. The daily output is approximately 72 cu. ft 
of oxygen and 144 cu. ft. of hydrogen. As to the electrical energy requirements 
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a joint test 38 made in November, 1910, by the Laboratoire Centrale de 1 ’Elec- 
tricity and the Conservatoire National des Arts et Metiers with two unit cells 
of this type of electrolytic cell showed that the production of 1 cu. ft. of oxygen 
and 2 cu. ft. of hydrogen requires 0.2797 kilowatt-hour. Reversely 1 kilowatt- 
hour produces 3.54 cu. ft. of oxygen and 7 cu. ft. of hydrogen. Each unit cell 
requires a little above 2 volts and from 300 to 400 amperes. A current of 350 
amperes produces about 65 cu. ft. of oxygen and 130cu. ft. of hydrogen per day. 


6063 . The following table gives the results of a test made by the Electrical Testing 
Laboratories of New York for the International Oxygen Co. 


Cell No. 

Average 

am- 

peres 

Average 

volts 

Average 

watts 

Maximum 

temp. 

Purity of 
oxygen 

Cubic feet 
per hour 

Cubic feet per 
kilowatt-hour 

Oxy- 

gen 

Hydro- 

gen 

Oyx- 

gen 

Hydro- 

gen 

8 

405.1 

2.388 


31.8° C. 

97.73% 

3.247 

6.184 

3.358 

6.395 

14 

405.0 

2.562 

1038 

30.0° C. 

98.67% 

3.239 


3.120 


66 

368.8 

2.826 

1042 

32.0° C. 

98.46% 

2.886 

5.788 

2.770 

5.555 

70 

392.0 

2.660 

1043 

26.5° C. 


3.082 

6.254 

2.955 

5.900 

Average. . 

392.7 

2.609 

1022 

30. 1° C. 

98.34% 

3.114 



5.950 


The four cells tested were selected as being representative of the entire battery after 
taking a set of preliminary electrical measurements on each of the cells. All of the data given 
are from readings as actually observed and corrected for instrument errors. Gas volumes 
aro corrected for moisture and calculated to 20° C. and 7G0 mm. 

6054. One of the objections advanced against the electrolytic system is 
the relatively large floor space which it occupies, and to obtain an apparatus 
of a durable yet compact character the author, many years ago, designed a 
generator having T-shaped ribs on both anode and cathode, affording a large 
generating surface without excessive bulk. Figure 239 shows a form of anode 
and Fig. 240 the assembled generator.* 9 The sectional type of apparatus (see 
paragraph 6026) represents a more effective solution of the problem of securing 
greater compactness. 

€ 065 . An electrolytic hydrogen and oxygen generator with cobalt as the active anode ele- 
ment and iron as the cathode has been developed by Levin. 40 The generator unit consists 
of a rectangular thin iron plate casing of small height, long and narrow. Any number of 
these may be joined together to form a complete generator. The iron casing is divided into 
two parts by an asbestos diaphragm, suspended from an impermeable partition which reaches 
about one-fourth of the way down into the cell from the top. An electrode is placed in each 
compartment formed by the diaphragm. The partition in the upper part of the cell prevents 
the combination of oxygen and hydrogen after these gases have been generated and have 
risen separately to the top of the cell, being prevented from mixing by the diaphragm. Suit- 
able means are provided for carrying away the gases, filling the generators with electrolyte, 

m Met. and Chem. EnQ ., 1911. 471. 

99 U. S. Pat. 1,087,937, Feb. 24, 1914, to Ellis. 

99 Met. Chem. Eng. % 1917, 401; U. S. Pat. 1,214,934, Feb. 6, 1917; Brit. Pats. 102,933 and 
108,477, application date Oct. 27, 1916. 
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etc. The anode is made of iron, electroplated with a thin film of cobalt, and the cathode is of 
ut)n, preferably electrolytic. The electrodes are given a previous treatment by making them 
the anode in a solution of a salt of the active surface metal, and electrolysing for a brief period. 
This is claimed to give greater efficiency in operation. 

6056. An electrolytic gas generator devised by Levin 41 is provided with electrodes 
entirely independent of the container or casing. The casing is divided into three compart- 
ments, in each of which an electrode is located. The cell is of the sectional type so that a 
number of units may be assembled in a compact manner. The electrode compartment of the 



Fio. 239. 


generator has a gas outlet which is sealed with water, and through which water is supplied to 
the compartment, from a chamber above. The water chamber is provided with a gas outlet 
and a water-supply conduit. 41 

6067. A form of Levin generator (Electrolytic Oxy-Hydrogen Laboratories, 
Inc. or Electrolabs), has been built of a few standardized parts which can be rap- 
idly assembled. The generator consists of three compartments. The oxygen is 
generated in the two outer compartments and the hydrogen in the center com- 
partment. Two sheet-metal frames, to each of which ia attached an asbestos 

41 U. S. Pat. 1,219,966, Mar. 20, 1917. 

41 See also U. S. Pat. 1,247,694, Nov. 27, 1917; and 1,199,47% Sept. 26, 1916, to Levin; 
Chem . Abat., 1918, 253; Can. Pat. 175,807, Mar. 20, 1917; Chem. Abat ., 1917, 3001. 
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diaphragm, Berve as the separating mediums. The electrodes are independent of 
the casing. They are separated from and securely fixed within the casing by spe- 
cially designed blocks of asbestos. The surfaces of both the anode and cathode 
are plated. The use of cobalt for such purpose is one of the features of this gen- 
erator. Each compartment has an independent water feed which also serves the 
purpose of a blow-off device to vent the gas from each compartment under 



Fio. 240. 


abnormal conditions. A specially designed sight-feed indicator is placed between 
the generator and the gas offtake pipe. Each indicator makes the generating 
unit to which it is attached independent of all the other generators in the group. 
It further serves to keep uniform the pressure of the oxygen and hydrogen inside 
the individual generator. It also enables one to see at a glance whether the gases 
are being generated properly. The generator is welded throughout. The 
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Asbestos Diaphragm. Cathode Compartment. 
Fio. 242. 


Anode Compartment. 
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dimensions of the unit are 30 X 25 X 6J in. The construction is shown by 
Figs. 241 and 242. Figure 243 shows the 
assembled unit and Fig. 244 is a group of 
generators. 

6068. In a day of 24 hours this form of Levin gen- 
era tor at 200 am perca will produce 38.4 cu. ft. of oxygen 
and 76.8 cu. ft. of hydrogen, measured at 20° C. and 760 
mm. pressure. A battery of 100 generators will occupy 
a space 31 ft. long by 4 ft. 6 in. wide and will produce: 


In 1 hour 


In 24 hours 


160 cu. ft. oxygen 
320 cu. ft. hydrogen 

3840 cu. ft. oxygen 
7680 cu. ft. hydrogen 


Each generator running at 200 amperes requires 
slightly over A kilowatt per hour. In a space 31 ft. X 
4 ft. 6 in. and with a normal room height (10 to 12 ft.) 
200 Levin generators can be installed in two tiers. 

6058A. An electrode devised by Levin for use in 
unipolar cells consists of parallel metallic plates immersed 
in a tank containing the electrolyte, and insulated from 
the tank, which itself forms the other electrode. The 
plate electrode is connected at a number of evenly dis- 
posed points on its surface with one of the current mains 
by a number of leads passing between the plates, while 
the tank is connected with the other main by a band of 
highly conducting metal surrounding it at about half its 



Fio. 243. 



Fio. 244 . — Electrolabb (Leyin) Generators. 
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height. In this way unequal distribution of the current throughout the electrodes is pre- 
vented and uniform generation of gases at different portions of the surfaces ensured. 4 * 

6059. Griffin’s apparatus for generating hydrogen and oxygen by electroly- 
sis 44 consists of a cell and a plate of conducting material depending into water 
of each cell. This plate is bent just above the cell and is attached to the adjoin- 
ing cell, thus making a continuous flow of current from one cell to the next. 
The plate is enclosed in a sack of asbestos to separate the oxygen and hydrogen. 
The asbestos sack may be spaced from the plate by some insulating material to 
insure a complete separation of the gases. (See Fig. 245.) 

6060. Kato states that in the electrolytic preparation of hydrogen and 
oxygen, 46 the diaphragms used in the commercial apparatus do not keep these 
gases completely separate, as shown by diffusion data given. Kato finds that 



Fio. 245. 



pure gases can be technically prepared without the use of a diaphragm. Special 
electrodes are employed which have an inclined active surface to which the gen- 
erated gas adheres by reason of its buoyancy and accordingly does not diffuse 
into the solution. 

6061. Halter has devised an electrolytic cell 46 (see Fig. 246) for the produc- 
tion of oxygen and hydrogen in which a tank, acting as the cathode, is pro- 
vided with a cover, from which the anode constructed of wires united in the 
form of a hollow body, is suspended in the electrolyte. 

6062 . A separator, of porcelain or other non-conducting and oxygen-resisting material, 
is supported over the anode with its sides extending below the surface of the electrolyte, and 
the closed top is provided with an oxygen outlet. An asbestos sack is secured to and sus- 
pended from the separator, enclosing the anode below the surface of the liquid, the separator 
and sack constituting a complete non-conducting enclosure for the anode. Means are pro- 
vided for conducting off the hydrogen from the space beneath the cover of the separator. 

41 U. S. Pat. 1,481,648, Jan. 22, 1924. 

44 U. S. Pat. 1,117,185, Nov. 17, 1914. 

45 J. Chem. Ind., Japan. 1915, 18 , 919; Chem. Ahst ., 1916, 661. 

44 U. S. Pat. 1,172,885 and 1,172,887; J.S.C.I . , 1916, 476. 
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The tank is made in the form of a narrow upright chamber, with a partition dividing the inter- 
ior of the tank into narrow vertically arranged compartments, the partition and walls of the 
tank forming the cathode. Each anode is formed from spaced perforated sheet-metal plates, 
arranged so as to have a hollow oblong form in horizontal section, with curved ends and bottom 
and secured at its upper edges to a horizontal conducting bar supported from the cover of the 
tank. A separator of non-conducting material, with attached sack enclosing the anode, is 
inverted over each anode and disposed lengthwise in the chamber. The partition is formed 
from two plates, back to back, with their end portions curved apart and around the ends of 
the anodes. 



Fio. 247. 



Fio. 248. 


6063. The Davis-Bournonville Company system of hydrogen and oxygen 
generation embraces an electrolyzer of a compact type, shown in Fig. 247. 
The electrodes of this apparatus are of sheet metal, the anodes being nickeled. 47 
An alkaline electrolyte is used. The electrolyzers have been made in two sizes, 
500 and 1000 amperes, with a hydrogen output of 7.92 and 15.84 cu. ft., respec- 
tively. Figure 248 shows an anode of a 1000 ampere electrolyzer. A Swartley 

47 Swartley. U. S. Pat. 1,263,959, April 23, 1918. 
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hprd-rubber separator 48 (Fig. 249) is shown at the base of the anode. The 
separator is an inverted trough-shaped structure which is disposed over each 
anode member and extends a short distance below the surface of the electro- 



FlO. 249. — SWARTLEY SEPARATOR. 


lyte. The separator supports an asbestos sack which covers the anode mem- 
ber and serves to confine the oxygen. The container and partition, Fig. 250, 



Fiq. 250. 


constitute the cathode element. Figure 251 shows the method of assembling of 
anodes on the cast-iron electrolyzer cover, one anode being enclosed in an asbes- 


48 U. S. Pat. 1,176,105, Mar. 21, 1916. 
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tos sack. Figure 252 shows a typical arrangement of fifty of the 500 ampere 
electrolyzers. 49 

6064. Jones M has designed an electrolytic cell for the production of hydro- 
gen and oxygen. The apparatus is provided with a number of electrodes, and 



Fio. 251. — Assembling the Anode Pabtb. 


a diaphragm between adjoining electrodes forms chambers for the separation 
of the evolved gases, with gas ducts leading from them and separate conduits 
connected with the gas ducts. The electrolyte is conveyed to the several cham- 
bers by supply ducts connected to a supply conduit, the various conduits being 

4# This type of apparatus has been made under the Bucknam Pat. 1,172,932, Feb. 22, 1915. 
A description of the Davis-Bournonville equipment is found in Ozy- Acetylene Welding by 
Miller. New York, 1916, 30. 

60 U. S. Pat. 1,212,229, Jan. 16, 1917; J.8.C.I. , 1916, 391. 
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located beyond the electrodes, and so arranged as to be outside the path of the 
electric current through the apparatus. 

6066, Mueller and Rowlands 11 describe a water electrolyzing apparatus 
made as follows : 

A tank (Fig. 253) is made in two sections, a lower and an upper section, electrically sepa- 
rated by an insulating joint formed by a trough extending around the top of the lower section 
and containing a U-shaped insulating gasket of soft rubber which forms a cushion and also 
a hermetic seal. A liquefiable insulator such as paraffin filling the upper portion of the 
trough further insures a tight joint between the sections. The lower edge of the upper sec- 
tion rests in the groove of the gasket. The interior of the lower section is divided by lon- 
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gitudinal webs parallel with the side walls, into equal -sized cellular spaces which are open 
at top and bottom, these webs extending only from the upper edge of the section to the top 
of the enlarged base. The webs are perforated at intervals with holes. 

6066. The anodes (three in number) are disposed in the spaces between the webs and side 
walls of the section thus exposing a double surface to the electric current for each anode, and 
hang in diaphragms of woven asbestos. The lower section is the negative electrode, while the 
upper section is insulated from both electrodes and is designated the neutral section. The 
anodes are suspended from the cover, which in turn rests upon the neutral section but is insu- 
lated therefrom by means of a grid-shaped rubber gasket. To insure gas-tight joints between 
the hydrogen and oxygen chamber, and for sealing both chambers from the outer air, the neu- 
tral section is provided with a series of parallel inner troughs for the former, and for the latter 


11 U. S. Pat. 1,220,262, Mar. 27, 1917. 
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is provided with an encompassing outer trough in which the depending marginal flange of the 
cover is sealed by paraffin wax or pitch. The diaphragms each consist of two parts, the dia- 
phragm proper and a hanger. The hanger is made of thin sheet metal, and obviates the 
necessity of rendering gas-impermeable that portion of the diaphragm which extends above 
the liquid level. It is tubular in form, of the same cross-section as the diaphragm and of suffi- 
cient length to extend below the liquid level. It is formed at its upper end with an outwardly 
and downwardly projecting flange of proper form to fit into the sealing trough which extends 
continuously around each hanger. The cell represents a highly elaborated form of wator 
electrolysing apparatus, the complete details of which cannot be 
presented here. 

Another form of apparatus designed by Mueller and Row- 
lands ** **• consists of a deep metal tank divided into communicating 
compartments by vortical partitions which form, with the sides, 
a series of electrodes of the same polarity. The tank has an 
arched metal cover from which depends a number of metal plates, 
one nearly to the bottom of each compartment, forming a corre- 
sponding scries of electrodes of opposite polarity. The cover is 
insulated from the tank by a diaphragm, through openings in 
which the metal plates extend; and each plate is surrounded by 
a tube of flexible, non-corrodible material. 1 * 

6067. An apparatus described by Lane, **• has the vertical 
edges of the flanges of a vertical plate of substantially channel- 
shaped cross-section welded to the line of fold of the succeeding 
similar plate so as to form a bell or funnel for the collection of 
gases evolved during electrolysis. 

6067 A. Another modification of electrolytic cell involves the 
use of flat parallel electrodes joined by current leads made of 
nickel-plated copper strips.** 6 

6067B. Electrode corrosion is stated to diminish in the order: 
nickel steel, cobalt steel, steel, nickel-plated steel, nickel. Corro- 
sion is marked with alkali carbonate solutions. The cathode over- 
voltage is lowest with nickel and with rough surfaces. As electro- 
lyte 20 per cent sodium hydroxide solution is preferably employed Fig. 253. 

with an asbestos diaphragm.** - 

6068. In a form of electrolytic cell for obtaining hydrogen and oxygen, described by 
Churchill A Co., and Geeraerd, 64 a vertical series of inclined non-conducting vanes are 
arranged close to the electrodes to confine gas flow to the space between the vanes and the 
electrodes. 

6069. Electrolysis under High Pressure. In an article by Noeggerath ** an 
account is given of an electrolytic generator which delivers the gases under high 
(150 atmospheres) pressure, with high efficiency. Considerable economies result 
from this method owing to the elimination of compressors. Moreover the cost 
of housing is saved because the generators work perfectly well out of doors. 

6069A. An electrolyzer adapted for high-pressure electrolytic systems has a 
cross-section so reduced in area as to be only sufficient to accommodate the gas 
bubbles passing through it when operating at high pressure. The vessel consists 
of a number of individual cells connected in series, the distance between elec- 

•* U. S. Pat. 1,219,843, Mar. 30, 1917. 

** See also U. S. Pat. 1,221,206, Apr. 3. 1917. 

**• Brit. Pat. 318,734, Aug. 21, 1928, Bril. Chem. Abat., 1930, 22B. 

***Brit. Pat. 292,130, June 13, 1928, to Fauser, assignor to Montecatini 8oc. Gen. per 
L'Ind. Min. ed Agric.; Bril. Chem. Abat., 1929, 946B. 

**• Terano and Shimoyama, Bull. Coll. Eng. Kyushu, 1928, S, 227; Bril. Chem. Abat., 
1929,, 1013B. 

14 Brit. Pat. 101,598, May 11, 1916; Chem. Abat., 1917, 122. 

** Chem. Mel. Eng .. 1928, 36, 421. 
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trodes of different polarity being greater at the bottom than at the top, while, 
in order to obtain smaller electrolyte-filled spaces, parts of the vessel are insu- 
lated against the electrolyte, so that the walls of the vessel can be used for con- 
ducting current. Partitions separating electrodes are made of asbestos cord, 
and yield to the variations of volume due to the different pressures of the gases. §f 

6069B. Electrolysis of dilute sulphuric acid solution has been carried out 
between platinum electrodes, the acid being enclosed in a sealed glass tube with 
a space above the liquid in which the gases, hydrogen and oxygen, were collected, 
thereby increasing the pressure (to about 870 atmospheres) until it was sufficient 
to rupture the vessel. The results showed that the amount of current which could 
be passed increased with time, and therefore with gas pressure, until a maximum 
was reached. 14 * 

6069C. Fauser 67 considers the practical and economic difficulties involved 
in the electrolysis of water at high pressures to be virtually insurmountable. 
Theoretical considerations show that increase in the pressure is accompanied by 
increase in the amount by which the increment of the potential necessary to 
decompose water exceeds the ideal value of such increment. As regards the over- 
voltage, it is difficult to see how this can be diminished by effecting the electrolysis 
at a high pressure, since the gaseous layers surrounding the electrodes have then 
a higher density than at atmospheric pressure, and should thus offer increased 
resistance to the flow of the current. Further, any considerable influence of the 
pressure on the ohmic resistance of the electrolyte is excluded. Hence, of the 
various factors which intervene to modify the p.d. necessary for the electrolysis 
of water at high pressure, those increasing this p.d. prevail, so that there should 
be a global increment of the p.d. and of the energy required. It seems, there- 
fore, that the saving in energy must be only apparent, and that the observed 
lowering of the e. m. f. must be counterbalanced by a smaller production of gas. 
Although the amounts of hydrogen and oxygen developed at the electrodes by 
the flow of a definite quantity of current are usually regarded as invariable, it is 
pointed out that the application of this law is limited in practice by secondary 
reactions between the elements separated. That nascent hydrogen and oxygen 
are able to react at the ordinary temperature is shown by the non-production of 
gas when water is electrolyzed by a symmetrical alternating current. These 
conclusions are supported by the experimental results obtained on electrolyzing 
water at pressures up to 1500 atmospheres, these showing diminution in the cur- 
rent gas-yield with increase of pressure; hence the accompanying depression of 
the p.d. is to be ascribed to depolarization phenomena. 

6070. The Knowles Cell.* 8 This cell is multipolar and although the floor 
space occupied is 60 per cent to 80 per cent more than that for a two electrode 
cell, the former cell is more cheaply constructed, and for large outputs of 

M Brit. Pat. 268,426, Dec. 30, 1925, to Noeggerath; Bril. Chem. Abst., 1917, 416B. 

Schnurmann, Z. angew. Chem., 1929, 41 , 949-952; Brit . Chem. Abst., 1919 , 94 5-6 B. 

* 7 Giom. Chim. Ind. Appl., 1929, 11 , 479-87; Brit. Chem. Abst., 1930 , 107B. 

48 The information in paragraphs 6070 to 6083 is derived from data kindly supplied by 
International Electrolytic Plant Co., Ltd. 
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hydrogen gas the lower cost of cell construction is said to counterbalance 
the increased cost for ground and buildings. The Knowles cell is shown 
partly in section in Fig. 254, from a study of which it will be seen that it con- 
sists of a tank containing the electrolyte, in which are suspended anodes and 
cathodes alternately, each covered by a collecting bell. The alternate plates in 
each cell are connected in parallel, while copper links at the ends of the cell couple 
up each set of electrodes in series with those of opposite polarity in the adjoining 
cells. The number of cells employed is controlled by the supply voltage, and 
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the number of bells per cell by the current necessary with this voltage to pro- 
duce the output of gas required. 

6071. The arrangement, in fact, is that used for years past in the copper refin- 
ing industry and known as the multiple system of cell working, for while all the 
electrodes of one polarity in one cell are connected in parallel, the cells them- 
selves are connected in series. The similarity to the copper refining tank system, 
however, ends here, for the upper part of each electrode in the Knowles cell is 
covered by a sheet iron collecting hood for retaining the gas liberated by the 
electrolysis, and the lower part is surrounded by an asbestos petticoat or dia- 
phragm, which is designed to prevent all danger of the gases becoming mixed 
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before they leave. Each electrode and collecting bell, therefore, is a complete 
unit in itself, but all the bells in one cell are connected rigidly together and may 
be lifted from the tank complete with their connections, in one operation, by a 
suitable overhead crane. 

8072. The current is led to the electrodes by staggered bolts C with terminals on the tope 
of the bells. The oxygen and] hydrogen are carried off from the bells by the two pipes JJ 
running across the top of the cells, which in turn connect with common offtake pipes for each 
bank of cells. The gas evolved by the cells carries with it a certain amount of electrolyte in 
the form of a fine spray, which is collected in offtake pipes specially formed to assist in return- 
ing liquid to the cells. Each bank of cells is supplied with distilled water by gravity from a 
feed tank placed at the end of the.row. The inlet to this feed tank is controlled by a ball valve, 
so that the level of the electrolyte remains constant and is independent of the quantity of 
gas being evolved. The electrolyte consists of a 15 per cent solution of the best quality caus- 
tic soda in pure distilled water, and once a solution of the right strength is made up the only 
addition required is distilled water. It is, however, of the utmost importance that this water 
shall be absolutely pure, for the durability of the cells is very largely dependent upon its 
purity. 

6073. Figure 254 shows also that the bolts CC, which conduct the current to the electrodes, 
are insulated from the sealing tubes DD by ebonite sleeves EE and top insulating rings FF. 
Copper bars connect the two bolts in one electrode, in order to ensure equal current distribu- 
tion, and copper cross strips are employed for placing the anodes and cathodes in parallel con- 
nection with the main current leads. 

6074. A large factor in the success of the Knowles cell is its simplicity of construction. 
All the bells are welded together to form one solid block, and by simply disconnecting the off- 
take pipes and electrical connections they may be lifted from the tank with the electrodes for 
inspection, adjustment or overhauling. It is, however, seldom necessary to cut out a cell for 
this purpose, provided that the plant is properly handled and nothing but pure distilled water 
is added to the electrolyte. By simply unscrewing the nuts forming the terminals of the 
electrode bolts the electrodes and insulators are readily accessible for examination or replace- 
ment. 

6076. Some of the advantages claimed for the Knowles cell construction are: (1) The 
electrodes are each supported by two or more leads, and these leads are staggered so that a 
very even distribution of current takes place. (2) Theso leads hang loosely down a tube open 
at the bottom and welded to the collecting bell at the top, and this tube forms a seal in the 
electrolyte, making it impossible to run the level of the electrolyte so low that any leakage of 
gas can take place around the bottom of the collecting bells. (3) These open tubes therefore 
allow the gas to escape around the leads long before a danger point can be reached, and this 
effect is further secured by an extra tube, quite empty, attached to each set of cathode bells 
in each cell. (4) The electrodes are kept so short that the cells will work satisfactorily without 
diaphragms, theso being added only to make the separation of the gases more perfect. 

6076. As regards industrial developments, it is learned from a reliable source that the 
cell is being operated in this country and abroad upon a scale which is producing in the aggre- 
gate over 100,000.000 cu. ft. of hydrogen per year, and that many of these plants have been 
in use for several years at a high efficiency, with low charges for repairs and depreciation. 

6077. The 5000 amperes type of cell produces SO cu. ft. of hydrogen and 40 cu. ft. of 
oxygen per clock-hour. The best working conditions as regards economy can only be ascer- 
tained by studying the local conditions. 

6078. Detailed Description. A partly sectioned view of a 14-bell cell is shown in Fig. 254, 
in which the various parts are clearly visible. The block of bells forming the gas-collecting 
chambers is supported by lugs resting on the edge of the tank containing the electrolyte so 
that the whole of the internal parts of the cell may be removed as one unit by simply discon- 
necting the copper connections and gas offtake pipes. The electrodes A A, alternately posi- 
tive and negative, are suspended by bolts CC from the bells BB. The bolts CC pass through 
steel tubes DD welded into the top of the bells and are insulated therefrom by insulating tubes 
EE. The end of each electrode bolt carries two nuts insulated from the steel tubes by caps 
FF on which the bottom nuts rest and carry the weight of the electrodes. Current is con- 
veyed to tho electrodes by copper connections GG clamped between these nuts. Gas offtake 
pipes JJ, one for each gas, collect tho gaa from alternate bells and these in turn are coupled 
to specially shaped pipes KK, one each for oxygen and hydrogen, r unnin g along the row of 
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oella. The electrodes are separated by asbestos diaphragms LL open at their lower ends. A 
skirting MM surrounds the entire block of bells and forms a stand on which it rests when 
removed from the tank. 


6079. Knowles Compact Column Cell. A drawback to the use of elec- 
trolytic cells for the production of hydrogen in large volumes has always been the 



Fig. 256. — Diagrammatic Drawino of Automatic Feed used in the Knowles Equip- 
ment, 8HOWINO THE MANNER IN WHICH THE GASES ARE WASHED. 

Distilled water which is to be used to supply the cells is employed to wash the caustic 
alkali spray from the gases. By this procedure the loss of alkali becomes negligible. The 
parts of this automatic feed are designated as foUows: A. Distilled water inlet. B. Piston 
valve. C. Ball float. D. Oxygen washing tank. E, Hydrogen washing tank. F. Oxygen 
inlet. O. Oxygen outlet. H. Hydrogen inlet. J. Hydrogen outlet. K. Distilled water 
outlet to cells. L. Water inlet to washing tank. M. Overflow pipe to center tank. 


great floor space required. With the recent rapid developments in the synthetic 
ammonia industry and other similar processes, the question of floor space has 
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been brought into special prominence, not only on account of the exceptionally 
large plant required but also because such plants have usually to be installed 
where much expensive excavating work is necessary to provide a level area for 


m 
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the cell room. This is naturally so, as in nearly every case the source of power is 
hydro-electric and the site for the works is consequently nearly always in moun- 
tainous districts. 

6080. Hitherto, floor area has been reduced by increasing the depth of the 
electrodes and running them at very high current densities, which seriously 
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reduces the life of the cell and also increases its internal resistance, resulting 
eventually in a serious loss of efficiency. Even cells with exceptionally deep 
electrodes run at very high current densities do not enable the floor area to be 
very greatly reduced and anything saved on the initial cost of the buildings 
may be soon expended on the greater cost of upkeep involved. 

6081. The Knowles Column Type plant, on the other hand, has electrodes 
of only moderate depth running at low current density and yet it is claimed 
that it occupies much less floor area than is usually required. 

6082. It will be seen from the sectioned photograph (Fig. 256) that the general 
design of each cell is similar in some respects to a bell type cell and does not 



Fia. 257 . — Society des engrais Azotes et Composes Usine Soulom. Pierrefitte- 

Nestalas H. P., France. 

In the foreground on the right is the gasholder for receiving the hydrogen produced by the 
Knowles electrolytic plant of 800 cells which is in the series of buildings behind the gasholder. 
The tall building in the center contains six converters of 3750 KW. each, supplying the elec- 
tricity used by the plant. 


depart from principles acknowledged to be best in electrolytic cell design. The 
superimposed arrangement adopted is, however, novel and enables a plant of 
large capacity to be installed on an exceptionally small area. For the sake of 
clearness, the illustration shows only two cells, but in practice the cells can be 
erected ten high. The current passes directly from each cell to the cell above, 
without any external connections, the polarity being reversed as it passes from 
one cell to the next, and the only electrical connections required are to the bot- 
tom of the lowermost cell and to the cover of the upper cell of each column. 
Upstanding electrodes on the base of one cell alternate with electrodes hanging 
from the base of the cell above, and form the anodes and cathodes respectively 
of each cell unit. Asbestos diaphragms suspended from the dividing or bell plate 




Fio. 259. — Knowles Plant at Pierrefitte, France. 

Automatic water feed and pas washing tanks on the left, ends of rows of cells with bush- 
bare on the right, and gas pipes to washer tanks over gangway. 
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Flo. 260. — Knowles Plant at Pierrefitte, France. 
Ends of rows of cells furthest from washer tanks. 



Fio. 261.— Knowles Plant at Pierrefitte, France. 

Ends of rows of cells showing on the right copper strip connections to end cell in one 
battery from rotary converters. 
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surround the hanging electrodes and prevent the gases which collect in the 
spaces from mixing. The containing tank, the inner surface of which carries an 
electrode, is built up of four iron castings bolted together and is of a specially 
rigid construction to carry the weight of the cells above. All the tanks in any 
particular plant are identical and interchangeable, so that any tank may be used 
for the bottom cell without risk of failure from the weight above. The base of 
the tank to which the electrodes are fixed rests on a projection and is bolted to 
it to form an electrolyte-tight and gas-tight joint. Suitable electrolyte separa- 
tors and vertical gas offtake pipes are provided and also a makeup water inlet. 
The tanks of adjacent cells are insulated from one another by special jointing 
rings which also form a gas-tight joint and insulate the bell plate from both the 
tank above and below it. There is no possibility of a short circuit occurring 
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between adjacent tanks as any electrolyte which may drip from a faulty pipe 
connection on the cell above falls clear from the projecting flange when it reaches 
the bottom of the tank. Due to the weight of the cells and electrolyte, no hold- 
ing down bolts are necessary to make the joint between the tanks gas-tight, 
and erection or dismantling is done by lifting the whole cell complete with elec- 
trodes. 

6083. Performance. Normally the cells run at 2.25 volts per cell, but are 
quite capable of running at any voltage up to 2.5, at which figure the gas produc- 
tion is 50 per cent above normal. The voltage may also be reduced to 2 volte per 
cell, representing a decrease in current consumption of 50 per cent below normal 
giving a corresponding decrease in the gas output, but with increased efficiency. 
This flexibility in operation is of great importance when the cells are to be used 
in connection with 44 off-peak ” power schemes where the power available varies 
greatly during the twenty-four hours of the day. Figure 262 shows the relation 
between current and voltage in a cell designed to operate normally at 7200 
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amperes, but the same curve applies equally to cells of other capacities by merely 
increasing or decreasing the current scale in proportion. In a similar way, 
curve, Fig. 263, applies to cells of any output. 

6084. Porous Diaphragm for Electrolytic Cell. Jauhert 10 forms a diaphragm suitable 
for use in electrolysis of alkaline solutions which comprises material such as perforated sheet 
metal, wire gauze or asbestos cloth carrying a coating and filler of a hydrogel of an organic or 
inorganic colloid such as may be formed by dipping the material in a solution of magnesium 
chloride or sulphate and then in a sodium silicate solution. The colloid may also be deposited 
on the diaphragm by a preliminary electrolytic treatment. When potassium or sodium car- 
bonate is used for the electrolyte, a hydrogel of magnesium hydrocarbonate may be used. 
Among the other colloids which may be employed are : iron silicate, kaolin, ferric hydroxide, 
natural or artificial yellow ocher, limonites, clays, magnesium or aluminum phosphates, gra- 
phite, wood charcoal, rubber, hydrates of alkaline earth or rare earth metals, and copper, 
nickel or other metal in flocculent form. When not in use the diaphragm may bo dipped in a 
50 per cent glycerol solution to prevent it from drying. 

6080. Casale 60 forms the electrodes of wire mesh or perforated metal. Scott 61 usee per- 
meable material permitting circulation of the electrolyte to the rear of the adjacent faces. 

6086A. Methods of production and fields of utilization of oxygen and hydrogen are 
reviewed by Dobson and Barnes, Amer. Electrochcm. Soc., Sept., 1919, advanco copy; Brit. 
Chem. Abat ., 1919 , 938B. Further possible outlets for these gases are considered and the 
prospects of the electrolytic process for producing them discussed. 


Automatic Control 

6086 . The control of the electric current employed in electrolysis of water 
to produce oxygen and hydrogen is of importance. Precautions must be taken 
against the discharge of current in a reverse direction from the electrolyzers 
through the generator. This condition, if allowed to develop, may result in 
reversal of the source of energy and consequent reverse functioning of the elec- 
trolyzers with the attendant mixing of gases. There is also to be observed 
the prevention of improper connection of terminals at the bank of electrolyzers 
during or after overhauling or for other reasons. The Davis-Bournonville 
Company developed an electrolyzer control designed to prevent reversal of 
current direction through cutting off the source of supply automatically. 

6087. Figure 264 shows, in a general manner, the electrical connections and methods of 
control. Figure 265 shows the equipment assembled on a panel. The necessary indicating 
volt ammeters, C and D , respectively, are mounted on each panel of this design; also, the 
necessary instruments for the automatic control of the electrolyzing circuit. The generator 
A is the source of electrical energy for the electrolyzers and its field regulator B is also mounted 
upon this panel. 1 * 

6088. The electrolyzer current proper, H, is controlled solely through the magnetic con- 
tactor F, the magnetic coil of which is wound for operation across the independent supply 
mains G. This independent supply main can be either alternating or direct current of any volt- 
age. This independent circuit G is controlled at three separate and distinct points, as foUows : 

1st — Potential Relay E , 

2d — Contactor Pilot Switch, hand reset, J, 

3d — Overload Relay, hand reset, M. 


m Brit. Pat. 281,674, Dec. 1. 19 >6; Chem. Abat., 1928, tt, 3591. 
M Brit. Pat. 268,998, June 1. 1926. 

#l Brit. Pat. 210,102, July 25. 1922. 

M U. S. Pat. 1,201,526, Oct. 17, 1916, to Swartley and Larsen. 
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6089 . The potential relay E is set to lift at a predetermined operating or charging voltage, 
thereby completing the electric circuit, which will throw into play the magnetic contactor F. 
This means that with the contactor pilot switch J % held closed and the overload relay closed, 
not until the generator will have reached the predetermined charging voltage will the poten- 
tial relay close the independent circuit from the power lines. It will be noted that it is impos- 
sible to pass electrical energy through the electrolyxers until the generator attains the charg- 
ing voltage. 

6090 . If, for any reason, during operation the generator voltage should drop below the 
charging voltage, the potential relay E will automatically drop out, opening the magnetic 
contactor, thereby breaking the electrolyzing circuit. This method of control entirely pre- 
vents the electrolyzers from discharging to the generator A , with the consequent possibility 
of polarity changes, if, through error or deliberately reversing electrical connections, the 
direction of flow of electrical current is changed. The smallest fraction of a reversed current 
through the shunt N brings the polarized relay into play, breaking the contact in the contactor 
switch J which, in turn, breaks the current through the coil of the potential relay E , thereby 
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releasing the connection 0 and breaking the circuit G , which drops out the magnetic contactor 
F which interrupts the main electric circuit to the electrolyzers. This makes it absolutely 
impossible to operate on a reverse polarity. 

6991 . The overload relay is manually operated and is calibrated slightly in excess of the 
normal operating amperage. In case of opening of the circuit, due to overload, it will be noted 
that the overload relay M will have to be reset by hand before the electrolyzing circuit can 
again be established. 

6092 . Under normal operating conditions the ground detector lights Q will glow slightly 
but, in case of a ground on one or both legs of the electrolyzing circuit, either or both of the 
lamps will glow brilliantly, showing the ground to exist. 

6093 . Hausmeister 6 * secures the purity of oxygen and hydrogen or other gases generated 
from an electrolyte in a closed container by maintaining a constant pressure in the container 
thereby preventing the release of a mixture of gases due to variations in pressure. 

6094 . According to Sebille,* 4 hydrogen and oxygen are generated electrolytically, then 
cooled as they pass from the generator into separate containers, the condensed moisture 
being led back into the generator. A diaphragm is so arranged, containing chambers through 
which the gases pass on their way to their respective containers, that a predetermined differ- 
ence of pressure on one side of the system causes the diaphragm to close the gas entrance K) 


M U. S. Pat. 1,581,944, Apr. 20, 1926. 
M U. S. Pat. 1,230,803, June 19, 1917. 
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the opposite container, until a balancing pressure has again been raised on that side. By means 
of a body of water the gases are automatically compressed to a pressure higher than that origin- 
ally generated. Sebille 66 also describes a system of gas storage chambers having automat- 
ically-controlled valves regulating the flow of gases. 
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6095. Separation of Oxygen and Hydrogen. 64 When oxygen and hydrogen have been 
electrolytically generated without separation the mixture is collected in a confined space under 
pressure, dried by cooling, and cooled in the condensing apparatus by liquid nitrogen to the 


66 U. S. Pat. 1,222,809. Apr. 17, 1917. 

66 The Consortium fur elektro-chem. Ind., Ger Pat. 414,187, Feb. 9, 1924. 
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liquefying point of the oxygen. The cooling effect in produced by vaporixing liquid nitrogen 
under reduced pressure, for example by means of the separated hydrogen. The collecting 
apparatus for the electrolytic gas is arranged so that an accidental explosion will not produce 
harmful effects. 

6096. Water Decomposition in the Arc. Dansette 67 has devised an arrange- 
ment for feeding water vapor into the zone of an electric arc produced in a gas- 
tight electric furnace, by passing water through the lower, vertical, carbon tube, 
which constitutes one of the electrodes. The furnace communicates by means 
of a valve with a reservoir, into which the hydrogen and oxygen produced by 
dissociation pass. The oxygen may either be absorbed by a suitable reagent, 
or the two gases separated by diffusion through a porous earthenware vessel. 

• 7 French Pat. 391,793, Sept. 6, 1907. 



CHAPTER LX I 


MISCELLANEOUS PROCESSES FOR MAKING HYDROGEN 

6100. The older processes that we shall consider in this chapter have but 
little industrial application. Most of them, however, have been of importance 
in aeronautics and as occasional sources of hydrogen. Among the newer meth- 
ods there are some which may be developed industrially. 

6101. Much attention has been given to the production of hydrogen by 
chemicals, which, when added to water or hydrated substances, liberate hydrogen 
freely, thus enabling the generation of hydrogen at any point without the neces- 
sity of setting up elaboate apparatus. 

6102. Powdered aluminum or silicon and alkali, “ activated " aluminum 
and water, ferrosilicon and calcium hydrate, calcium hydride and the like have 
been proposed under various names such as hydrone, hydrogenite, the Hydrik 
process, etc. Bergius has brought out a process involving the treatment of 
carbon or iron with water in a liquid condition under very high pressures. 

6103. Foersterling and Philipp 1 generate hydrogen by causing water, in a finely divided 
state, to react successively with relatively small masses of sodium, separated from each other, 
in the same containing vessel, in such a way that the supply of hydrogen is continuous, and 
at a rate that substantially prevents a solution being formed. They also propose silicides for 
the generation of hydrogen. An intimate mixture of equal parts by weight of sodium and 
aluminum silicide ("sical") is prepared by heating the two substances in a kneading machine 
until all the sodium is molten; the kneading appliance is then put into operation and kept 
continuously rotating while the mixture cools down, after which the latter is transferred to a 
press and briquetted. One kilo of the mixture, when acted on by water, generates about 700 
liters of hydrogen, the reaction being represented by the equation, 

AljSii + 8 Na + 18 H,0 = Alt (OH) 9 + 4 Na,SiO, + 15 H,. 

6104. Brindley 1 treats an alkali or alkaline-earth metal, for example sodium, in a finely 
divided state, with a crude hydrocarbon oil or similar substance, which will temporarily pre- 
vent oxidation of the metal, and with an inert substance such as infusorial earth, and the mix- 
ture is compressed into tablets or briquettes, which when brought into contact with water 
will generate hydrogen. In order to increase the yield of hydrogen, a metal (aluminum, sili- 
con) which forms a hydroxide, the hydrogen of which can be replaced by an alkali or alkaline- 
earth metal, is also incorporated in the mixture. 

6106. Philipp * generates hydrogen by the action of water on a mixture of metallic 
sodium and aluminum silicide. The action of water on this mixture does not proceed to com- 
pletion, and the method consists in first treating the mixture with water, and then passing the 
hot hydrogen and steam through a similar mixture which has previously been partially decom- 
posed by treatment with water. 

1 U. 8. Pat. 883,531, Mar. 31, 1908. 

* U. 8. Pat. 909,536. Sept. 14. 1909. 

9 U. 8. Pat. 1,041,865, Oct. 22 , 1912. 
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6106. A variant on zinc solution is afforded by a unique device described by 
Gardiner and Hulett. 4 * * A sodium hydroxide solution, containing some barium 
hydroxide, is electrolyzed between an amalgamated zinc anode and a cathode 
of platinum-black or of nickel, without the aid of an external current. The gen- 
erator operates at full capacity on short circuiting the electrodes. The gas 
supply is controlled by interposing a variable resistance. No oxygen is pro- 
duced and, in order to prevent the formation of a dead air space, the alkali solu- 
tion is saturated with hydrogen before setting up the apparatus. 

6107. A number of processes depend on the reaction between silicon in some 
form (usually ferrosilicon) and caustic soda. 

6108. The Siemens A Schuckert Company worked out a process for the production of 
hydrogen from the reaction between silicon and caustic soda solution. At first steam was 
employed, but later the heat set free during the reaction was found sufficient to maintain the 
proper conditions. The evolution of hydrogen gas takes place when a 25 per cent solution of 
caustic soda acts on silicon introduced in small quantities. The capacity of a transportable 
plant is 60 to 120 cu. m. per hour, while stationary plants are built for capacities up to 300 
cu. m. per hour. The process is a neat one, but the cost of production of hydrogen is high.* 

6109. A somewhat similar system is used in France under the name of the Silicol procesa. 
Ferrosilicon or other silicon alloy is treated with freshly prepared 35 to 40 per cent caustic 
soda solution. The heat of solution of the alkali raises the temperature to 60° to 80° and 
enables the reaction to progress rapidly. Hydrogen by this method likewise is costly.* 

6109 A. In another process of this type, 4 * silicon or ferro-silicon is introduced progressively 
and in adjustable amount into caustic alkali solution in a closed vessel under pressure by 
means of an adjustable distributor. 

6110. Jaubert 7 uses a strong solution of a caustic alkali, or a solution of sodium or potas- 
sium sulphate containing such, which is made to act upon a compound or alloy of silicon 
(preferably ferrosilicon, manganosilicon or silicospiegel) in such a way that the heat produced 
in preparing the alkali solution is utilized in effecting the reaction, no external heat being 
required. The reaction takes place in a generating vessel, fitted with a stirring device and sur- 
mounted by a feeding hopper containing the powdered alloy; this vessel communicatee both 
with an arrangement for washing and cooling the gas and with another vessel, also provided 
with a stirrer, in which the solution of caustic alkali is prepared (e.g., by dissolving 1 part by 
weight of sodium hydroxide in 1 j to 2 parts of water). The water which has served to cool 
the gas in the condenser passes either to the generator or to the dissolving vessel. A strong 
solution of alkali being used, an acid silicate is obtained; moreover, non-caustic residues, suit- 
able for use in dyeing and bleaching, are obtained. 

6111. The preparation of hydrogen under pressure by the wet method is detailed by 
Jaubert 8 as follows : The reaction by which the hydrogen is produced is carried out under a 
pressure above the vapor pressure of water at the temperature in question, the larger part of 
the heat produced is localized and stored in the reacting liquid, and by preventing the vapori- 
zation of this liquid, dry hydrogen is obtained, the speed of manufacture is increased, and the 
amount of liquid necessary for the reaction diminished. The pressure is produced automatically 
by working with an autoclave generator, in which the hydrogen produced is allowed to accu- 
mulate. The generator is a revolving cylinder, provided with an autoclave cover, a charging 
chamber which penetrates some distance into the interior of the cylinder and a blow-off cock, 
so that complete mixing of the reagents can be prevented before the reaction is started and 
to allow the hydrogen formed to be drawn off. 

6112. To obtain a rapid and constant evolution of hydrogen by the interaction of silicon, 

4 Trans. Amer. Elcclrochem. Soc ., 1928, 64, cited (from an advance copy) in Rep. Progress 
Appl. Chem., 1928, 331. 

4 Met. and Chem. Eng., 1911, 157. 

8 See Zcitsch. f. angew. Chem., 1912, 2405. 

•• Brit. Pat. 294,150, July 17, 1928, to Oxyhydrique Franc.; Brit. Chem. A6#f., 1999, 814B. 
See also U. S. Pat. 1,752,187, March 25, 1930; Brit. Chem. Abet., 1980, 419B. 

7 French Pat. 430,302, Aug. 6, 1910. 

•French Pat. 433,400,Oct. 25, 1910. 
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aluminum or alloys containing the same, with an alkali hydroxide, Jaubert 9 prepares an 
emulsion of a concentrated solution of the latter with a non-saponifiable oil or grease, such as 
paraffin, which mixture is heated to 100° C., with the elements or alloys named, in the form of 
fine powder, water being added as fast as it is decomposed, and the frothy mass being kept 
constantly agitated. 10 

6113 . The Hydrogenit process of Jaubert 11 involves mixing finely powdered 
ferrosilicon with soda-lime to produce a grayish granular mass which easily 
ignites and bums readily even with exclusion of air, the reaction being 

Si + Ca(0H),2 NaOH = Na,SiO,CaO + 2 H*. 

From 3 kilos of the mixture, which, by the way, is stable at ordinary tempera- 
ture, about 1 cu. m. of very pure hydrogen is obtained. The mixture is pressed 
to blocks and is shipped in metal containers holding 25 to 50 kilos, affording 8 to 
16 cu. m. hydrogen in about a ten-minute period. The mixture is kindled by a 
small amount of ignition powder or quick-match. Equipments for furnishing 
150 cu. m. hydrogen per hour have been made. 

6114 . A case of Hydrogenit is placed in each generator. The cover of the generator is put 
on and clamped in place and the mixture lighted through a closable opening in the cover. 
The generators are equipped with water jackets and the steam produced by the heat of the 
reaction is, towards the end of the run, turned into the generator, giving a larger yield of hydro- 
gen. The gas is washed and dried. The cost of hydrogen made from Hydrogenit is high. 

6115 . Jaubert 19 has described the following modification of the above. Metals such as 
aluminum or sine, or their alloys, or metalloids such as silicon or carbon, or their compounds, 
e.g., ferrosilicon, when mixed with alkali or alkaline-earth hydroxides in the form of dry pow- 
ders, yield mixtures quite stable at ordinary temperatures. If, however, reaction be induced 
by local application of heat, hydrogen is evolved and sufficient heat is developed to cause the 
propagation of the reaction throughout the mass. A suitable apparatus consists of a tube 
closed at one end by a screw cap and having near this end an opening (with a screw cap) 
through which a quick-match or piece of hot iron may be introduced to induce the commence- 
ment of the reaction. The other end of the tube is formed by a perforated plate, through 
which the hydrogen evolved passes into a chamber packed with filtering material, and thence 
into an annular space formed between the tube and a jacket extending nearly the whole length 
of the latter. The hydrogen accumulates in this annular space under pressure, and is with- 
drawn as required through a suitable outlet. 

6116 . Ferrosilicon containing 75 per cent of silicon, when heated to a very high tempera- 
ture is capable of decomposing steam with sufficient evolution of heat to carry on the reaction. 

3 FeSi# -f- 40 HjO = FeiOi -f- 18 SiOj + 40 H?. 

The reaction may be regulated by the addition of lime, which has the further advantage of 
forming an easily workable slag. The apparatus comprises a refractory chamber surrounded 
by a steam coil, the delivery end of which terminates in a series of injectors, which admit 
steam into the chamber; a feeding hopper is provided at the top of the chamber and a door 
for the withdrawal of the slag at the bottom. 11 

6117 . By the addition of lime, or calcium compounds that form lime, according to 14 Con- 
sortium ffir Elektro-chem. Ind. Ges. m. b. H., nearly the full theoretical quantity of hydrogen 

9 French Pat. 454.616, Apr. 30, 1912. 

10 See also U. S. Pats, to Jaubert: 943,022, Dec. 14, 1909; 1,029,064, June 11, 1912; 
1,037,919, Sept. 10, 1912; 1,040,204, Oct. 1, 1912. For a ferrosilicon method, available in 
the field in the absenco of a supply of water, see Lefebvre, Chxmie el Industrie, 1928, SO, 231; 
CKem. Abet., 1928, SS, 4732. 

11 Ger. Pat. 236,974. 

19 French Pat. 422,296, Jan. 14, 1910. 

19 Jaubert, French Pat. 438.021. Mar. 4, 1911. 

14 Brit. Pat. 21,032, Sept. 14, 1909. 
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is rapidly liberated on heating silicon in an aqueous solution of caustic alkali. The process 
may bo carried out in an iron generator fitted with stirrers. The temperature necessary for 
the generation of hydrogen from silicon and caustic alkali solutions may be obtained by the 
solution of the powdered alkali or alkali oxides in water, or by the heat produced in the chemi- 
cal reaction between aluminum or aluminum alloys and the alkali. 11 

6118 . An alkali or alkaline-earth hydroxide, or a mixture of the two, is mixed with char- 
coal and a finely divided metal or mixture of metals, and the whole is heated in a hermetically 
sealed vessel, with the exclusion of air, and under diminished pressure. Under the action of 
the metal, according to Hlavati, 18 the hydroxide is converted into oxide, and hydrogen and 
carbon monoxide are formed. 

6119 . Hydrogen is produced in the dry process of Jaubert 17 by ignition and autocombua- 
tion, in a closed generator, of a mixture consisting of an excess of a combustible substance 
(metal, metalloid or alloy), capable of decomposing steam at a high temperature, an oxidizer 
or other substance to maintain the combustion, and a substance evolving steam on heating 
(which is omitted, partially or wholly, if steam be introduced from an external source). 

6190 . Suitable mixtures, which may be packed in metal cartridges, to be opened and 
placed directly in the generator, are the following: (a) Powdered iron 20 kilos, slaked lime 10, 
potassium perchlorate 6, (6) ferrosilicon, with 75 per cent of silicon, 20, litharge 10, soda-lime, 
containing two-thirds of sodium hydroxide 60; (c) ferrosilicon 20, powdered iron 5, wheat 
flour 3, lime 5, and potassium chlorate 3. If the ingredient evolving steam be omitted, the 
generator may be surrounded by a water jacket, the two vessels being connected so that the 
necessary steam is supplied from the latter by the heat of the reaction; a pipe from the gener- 
ator conveys the gas either to the exterior or through a purifying and drying apparatus, to be 
utilised. The generator described is closed by a heavy lid which, for safety, is held in position 
by its own weight. 

6111 . Baillio 18 produces hydrogen and sodium silicate by the following method. An excess 
of silicon is repeatedly acted on with 10 per cent caustic soda solution, in a closed vessel and the 
hydrogen and sodium silicate solution produced by each treatment are removed before adding 
fresh caustic soda solution. 

6111 . In Teed’s process for the manufacture of hydrogen from ferrosilicon and caustic 
soda the residual sludge is continuously discharged into a trap adapted to be raised or tilted 
to prevent the ingress of air into the generator, while allowing the entire plant to be purged 
periodically to carry away any air which may leak into the system at other places. Should 
the pressure in the generator rise above a predetermined limit, the excess gas bubbles through 
a hydraulic seal into the atmosphere. The gas and steam from the generator pass through a 
condenser and the condensed water is returned wholly or in part to the generator to keep the 
strength of the solution more or less constant. 18 

6113 . Brindley and Bennie 10 use a mixture consisting of finely divided aluminum and 
molten sodium hydroxide, the proportion of the latter being between 1 and 3 mols. to 1 mol. 
of aluminum. Silicon and zinc may also be added. 

6124. By the Hydrik process aluminum powder is acted on by caustic soda 
giving hydrogen and sodium aluminate, according to the equation, 

2 A1 + 6 NaOH = 2 Al(ONa), + 3 H t . 

Fig. 266 shows a gas generator for the Hydrik process with an hourly capacity 
of 10 cu. m. 

6126. Mauricheau-Beaupre 51 adds to fine aluminum filings a small pro- 
portion of mercuric chloride and potassium cyanide, which causes a slight rise 
of temperature and produces a coarse powder, quite stable if kept from mois- 

18 Brit. Pat. 11,640, May 13, 1911. 

11 Ger. Pat. 250,128, Feb. 25, 1911. 

17 French Pat. 427,191, May 21. 1910. 

u U. S. Pat. 1,178,205; Chem. Abst ., 1916, 1582; J.S.C.I. , 1916, 633. 

** Brit. Pat. 250,700, Jan. 27, 1925, to Airship Guarantee Co., Ltd., and Teed. 

M U. S. Pat. 943,036, Sept. 14. 1909. 

11 Compt. rend., 1908, 147 , 310. 
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ture. This powder is treated with water (about 1 liter to a kilo) and the rise of 
temperature which occurs as the hydrogen is evolved is watched, and regulated 
if necessary by the addition of more water so that the temperature does not rise 
above 70° C. At this temperature 1 kilo of the powder is completely oxidized 
in about two hours. 

6126 . The advantages of this method are that the apparatus needed is of the simplest 
description, and can be made of almost any materials, as the product* are perfectly neutral; 
that the gas produced is pure; and that a very large volume is yielded by a small weight or 
volume of the reagent (1 kilo yields 1300 liters, or 1 cubic decimeter 1770 liters). Pure alu- 
minum filings with 1 to 2 per cent of mercuric chloride and 0.5 to 1 per cent of potassium 
cyanide should be used. (French Pat. 302,725, July 27, 1908.) Aluminum hydroxide is 
obtained as a by-product. 

6127. Chem. Fabr. Griesheim-Elektron recommend a preparation consist- 
ing of finely divided aluminum (98 parts) mixed with small quantities of 



Fio. 266. 


mercuric oxide (1 part) and caustic soda (1 part). On treatment with water, 
hydrogen is evolved steadily and uniformly, 1 to 1.2 cu. m. (calculated at 0° C. 
and 760 mm.) being obtained from 1 kilo of the product. The mass can be kept 
unaltered for a long time if protected from moisture, and can be easily trans- 
ported, 1 kilo occupying a volume of only 0.8 liter.” 

6128. According to Uyeno,” 78 to 98 parts by weight of aluminum are 
melted in a crucible and a mixture of 15 to 1.5 parts of zinc and 7.0 to 0.5 part 
of tin are added to the molten metal, after which the alloy is cast in the form of 

** Ger. Pat. 229,162, Jan. 17, 1909. In the corresponding Brit. Pat. 3188, Fob. 9, 1909, it 
is stated that aluminum in a divided form, such as filings, dust, chips or factory waste, is mixed 
with a small quantity of a compound of a metal such as mercury, which is electronegative to 
aluminum, and with a small quantity of an alkali or acid, or a borate, phosphate or other solu- 
ble substance. The alkali, etc., serves to generate sufficient hydrogen to reduce the mercury 
or other compound, which then forms an electrochemical couple with aluminum and decom- 
poses water until the aluminum is used up. 

M Brit. Pat. 11,838, May 18, 1912. 
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a plate. For each part of this alloy 0.12 to 0.025 part of mercury, or a quantity 
of zinc or tin amalgam containing this amount of mercury, is taken and amalga- 
mated with the upper and lower surfaces of the plate by rubbing it in with a 
steel brush. The plate is then heated to as high a temperature as possible with- 
out volatilizing the mercury, until the alloy has become uniformly amalga- 
mated, whereupon it is ready for the manufacture of hydrogen by acting on it 
with hot water. 

6129. Jaubert 14 suggests that the hydrogen evolved in such industrial 
processes as the production of electrolytic soda, be collected, deprived of any 
oxygen present (as by passage over red-hot copper), dried, directed into an iron 
tube charged with calcium in small pieces, and heated for some hours to redness. 
The dark grey calcium hydride thus obtained is preserved in closed vessels. 
When the hydride is brought into contact with cold water, there is a violent 
evolution of hydrogen. 


6130. Bamberger, Bock and Wan* ** generate hydrogen from calcium hydride which it 
mixed with substances such as gypsum, sodium bicarbonate, soda-lime or boric acid, which 
contain water or carbonic acid, but which react only when heated to about 80° C., or t 
higher temperature. 

6131. Gases which are prepared by the action of a liquid upon a solid, for instance, hydro- 
gen by the action of water on calcium hydride, are obtained pure and free from the water 
vapor which is frequently generated by the heat of the reaction, in the following manner .-j The 
solid is placed in a connected series of separate vessels, or in superposed compartments of the 
same vessel, and the liquid is admitted to the first, or lowest, of the series. The gas given off, 
along with some vapor of the liquid, passes through the next vessel, or compartment, and so 
through the series and leaves the last in a dry condition, the water vapor having been retained 
by the fresh material. When the first vessel is exhausted it is recharged and connected to the 
end of the series, the second vessel becoming the first. In this way the process becomes ooo- 
tinuous. ,# 

6133. A method for preparing hydrogen is described by Helbig 17 which is based on t ha 
reaction of aluminum with caustic soda; 810 g. aluminum and 3600 g. caustic soda are required 
to furnish 1 cu. m. of hydrogen. Inasmuch as commercial aluminum and caustic soda may be 
regarded as 99 and 77 per cent pure, respectively, 5485 g. of the latter would be required to 
furnish 1000 1. of hydrogen g&s. Activation of the aluminum is secured under the influence of 
heat, which brings about a considerable increase in the yield of hydrogen obtained when the 
product is subsequently treated with water.* The activation of the aluminum results from the 
surface amalgamation of the metal, principally upon the production of the amalgam by the 
reduction of the mercury compund, and from the etching action of caustic soda. The amount 
of hydrogen evolved is claimed to be greatly increased if the activation is effected in whole or 
in part with heating, either amalgamating the aluminum with heating, or etching with caustic 
soda in the heat, or carrying out the whole process at an elevated temperature. In the subse- 
quent evolution of hydrogen the use of hot water is not then necessary, e.g., 50 g. aluminum 
filings are heated on the sand bath in a dish for about thirty minutes at 180°, and then sprin- 
kled with 1 per cent mercuric chloride solution. The excess is poured off and washed with pure 
alcohol. After drying 0.2 g. of the product are drenched with about 10 cc. of a 1 per cent 
caustic soda solution which, after a short time, is made up to 1 liter with pur© water. In 
twenty-five minutes about 40 cc. hydrogen are evolved. Without previous heating of the 
aluminum, only 31 cc. hydrogen are evolved under otherwise like conditions. 

14 French Pat. 327,878, Dec. 31, 1902. 

u Ger. Pat. 218,257, Mar. 31, 1908. 

*• Jaubert. French Pat. 381,605, Nov. 14, 1907. 

17 Ph. praxi 8 , through Boll. chim. farm. 1914, 63, 71; Chtm. Abat., 1915. 1373. 

» Ger. Pat. 294,910, Jan. 27, 1916; L. Elkan Erben, G. m. b. H., J.S.C.I. , 1916, 38*; 
Chem. Abat ., 1918, 605. 
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6133. The Bergius Carbon Process. Steam acts on incandescent carbon to 
produce hydrogen and carbon monoxide. Below 650° C. carbon dioxide instead 
of carbon monoxide is formed to some extent according to the reaction, 

C + 2 HiO = COt + 2 H* 


Bergius has found that this reaction occurs almost exclusively if water at a tem- 
perature of about 300° C. is allowed to act on carbon under a pressure sufficient 
to keep the water in a liquid state. The addition of small amounts of thallium 



salts is beneficial as the reaction is thereby promoted 
through catalytic action. In order to work under the 
high pressures necessitated by these considerations 
Bergius has made use of apparatus as shown in Figs. 267 
and 268. 

6134. The successful closure of the reaction chamber was 
attained by tho use of a tapered plug forced into a seat having 
a taper of different angle so that the contact becomes a line 


Fio. 267. 


Fio. 268. 


rather than a surface. (Bergius, Die Anxrenduno hotter Drucke bet Chemischen VorganQen, 
Halle, 1913, 6.) A charge of say 100 kilos coke and 200 kilos water containing in solution 
1 kilo of thallium chloride is placed in a strong iron vessel provided with a valve, and the ves- 
sel is heated to 340° C.° The mixture of hydrogen and carbon dioxide which collects in the 
upper part of the vessel is blown off through the valve at intervals of half an hour, and the 
carbon dioxide is absorbed by lime. 

6136, Carbon-steam Process for Hydrogen, Nouvelle causes steam to act on finely 
divided carbon in presence of enough air to maintain the endothermic reaction. The carbon 
dioxide is separated in a diffusion apparatus. 10 


» Ger. Pat. 259,030, June 24, 1911. 

00 Brit. Pat. 256,631, Aug. 5, 1925; Chem. Ab*., 1927, SI, 2977, 
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6136. The Bergius Iron Process. Bergius 11 also describes a process of con- 
tinuously generating pure hydrogen from iron and water at a low temperature, 
from 200° to 300° C. The hydrogen is collected in the generator itself in a high 
state of compression and can be charged direct into cylinders. An example of 
his process is as follows: 50 kilograms of iron shavings and 265 kilograms iron 
protoxide and 50 kilograms of water are heated to 300° C. in a closed iron vessel. 
When the pressure reaches 150 atmospheres the release valve is opened just 
enough to allow the gas to escape as fast as liberated and to thus maintain the 
initial pressure. From the above charge 1 cu. m. of hydrogen is given off the 
first hour. This rate is maintained until about one-half the available gas is 
evolved, then the rate is somewhat slower. Common salt, iron chloride or small 
quantities of hydrochloric acid accelerate the reaction, and, in addition, if cop- 
per, nickel, or platinum, etc., are placed in the mass, the reaction is accelerated 
still more and maintains its activity until the iron is converted almost entirely 
into FeiO«. Thallium salts are specially good catalysts. One form of generator 
consists of a pressure vessel within which is a central heating tube and around 
the latter a series of reaction tubes, each of which can be brought in turn below 
a feed opening in the cover of the pressure vessel. 

6136A. Posen and Bergius ,f employ a somewhat similar method for the production of 
hydrogen by the action of water on metals in a closed vessel. The reaction is effected at a 
temperature below the sintering point of the metal or the solid reaction products, preferably 
below 500° C. Pure hydrogen is thus obtained in a highly compressed condition, and the yield 
is nearly quantitative. The addition of electrolyticaily conducting salts such as sodium 
chloride is stated to be advantageous. 

6136B. The decomposition of water by incandescent iron, as also the reduction of the 
resulting iron oxides by tho reducing gases requires a certain temperature of the contact 
material, which is usually maintained by the continued heating of the furnace containing the 
iron material, or by passing therethrough hot combustion gases. As a result of the latter 
practice, the employment of a highly heated gas may occasion caking of the contact material. 

6136C. This process was, at one time, in commercial use, successfully, at 
Hanover. We may yet see it in common use since high pressure is no longer a 
bugbear either to constructor or to operator. Bergius ( Zeiisch . /. anqew. Chem. t 
1913, 517) states that with his process hydrogen containing less than 1/100 of 
a per cent of impurities may be produced. In apparatus which has been thor- 
oughly tested at Hanover, a vessel of a capacity of 80 liters produced 12 cu. m. 
of hydrogen hourly. Bergius states that the construction of vessels of larger sixe 
up to a capacity of about 1 cu. m. offers no difficulty. In large plants which are 
arranged for proper heat utilization, Bergius estimates the cost of hydrogen at 
about 2 cents per cubic meter. The advantage of this process is that very pure 
hydrogen under high pressure may be produced at a low cost and without an 
expensive equipment, enabling works requiring only a small amount of hydrogen 
to produce this gas on the spot at low cost. The iron oxide formed by the reac- 
tion can be reduced by heating with carbon at 1000° C. and is then ready to be 
used a second time. 

11 U. S. Pat. 1,059,818, Apr. 22, 1913; Ger. Pat. 277,501, Nov. 30, 1913, addition to Ger. 
Pat. 254,593; French Pat. 447,080, of 1912; J.S.C.I . . 1915, 229. 

n Ger. Pat. 286,961, Nov. 21, 1913; addition to Ger. Pat. 254,593; J.S.C.I., 1916, 177. 
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6137. In the Lahousse process ** coal, mixed with barium sulphate, is heated at a red heat 
so as to produce carbon monoxide and barium sulphide, according to the equation, 

BaS0 4 + 4 C = BaS + 4 CO. 

The sulphide of barium produced is then heated to redness in a current of steam, with re-for- 
mation of barium sulphate and evolution of hydrogen. 

BaS + 4 HjO = BaS0 4 + 4 Hi. 

6138. Teissier and Chaillaux 14 heat a mixture of barium sulphate and manganous oxide 
to a red heat, finally to a white heat, and pass steam under pressure over the resulting mass, 
when the following reactions are stated to tako place: 

BaS0 4 + 4 MnO = BaS + 4 MnO,. 

BaS + 4 MnO, = BaS + 4 MnO + 20,. 

BaS + 4 MnO + 4 H,0 = BaS0 4 + 4 MnO + 4 II,. 

6139. Anaerobic Fermentation. Kessener ** produces hydrogen by the following method : 
Waste liquor sludges, or the liquors themselves (e.g., from paper factories), are inoculated 
with anaerobic bacteria capable of producing methano or hydrogen, selected with special 
regard to the nature of the particular wasto liquors employed. Suitable nutrient salts are added 
and the bacteria are grown under conditions which minimize the production of free nitrogen. 11 



Fio. 269. 


6140. When zinc dust is heated with hydrated lime,* 7 hydrogen is fon&ed according to 
tho equation, 


CaO,H, + Zn = ZnO + CaO + H,. 


On this reaction Majert and Richter * have based a technical process of generating hydrogen 
in which they employ apparatus as shown in Fig. 269. A heating chamber F carries a series of 
horizontal tubes r, each of which is provided at one end with a gas eduction pipe e, leading to 
a water seal V, and at the other end with a removable cap. Iron or carbon may bo used in 
place of zinc. 


** French Pat. 361.866, Oct. 24, 1905. 

M French Pat. 447,688, 1912, J.S.C.I. , 1913, 234 and 1914, 1137. 

** Ger. Pat. 290,126, Feb. 7. 1914; J.S.C.I .. 1916, 486. 

*• U. S. Pat. 1,706,707, Mar. 26, 1929, to Reilly and Blair (assigned to Commercial Solvents 
Corp.) deals with the separation of hydrogen from fermentation gases. 

17 Schwarz, Ber., 19, 1 140. 

* Brahmer, Chemic dt Gate, 101. 
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6140 A. Geuther **• gives a historical account of the preparation of hydrogen by ignition 
of powdered sine, cadmium, and iron with calcium hydroxide. 

6141. Separation by Diffusion. Many proposals have been made to separate 
hydrogen from gaseous mixtures by taking advantage of its rapid diffusion. 

6141. Jouve and Gautier * propose to pass water-gas through a porous partition, such ms 
un glased porcelain, in order to separate hydrogen by reason of its rapid power of diffusion. 
It is said that by one such operation the percentage of carbon monoxide may be reduced from 
45 to 8 per cent. 

6143. In Snelling’s process 40 hydrogen is separated from producer gas or other gases by 
diffusion through porous earthenware or alundum containers having a thin coating of platinum 
or palladium. The porous tube is electrically heated by resistance wires preferably to above 
800°, the gas being introduced under pressure. Hydrogen diffuses through the platinum or 
palladium film and porous tube and is then drawn off. Several other forms of apparatus are 
also described. Cobalt, nickel or iron may be used instead of platinum or palladium but with 
decreased efficiency. 

6144. The separation of the different components of a gas mixture is brought about by 
Wussow 41 by leading the gas over the surface of permeable or absorbing media. These media 
may be either solid or liquid, and different forms may be used simultaneously to separate the 
different constituents of a complex mixture. Moving permeable surfaces may be used to 
accelerate the diffusion. The diffused gas may be removed from the farther side of the dia- 
phragm by maintaining a low pressure or by circulating an indifferent gas, such as steam, 
ammonia, or carbon dioxide, which afterwards can be removed by solution or condensation. 
Diffusion may also take place through several media in succession, each of which causes a 
partial separation. As an example of the process, using a layer of water as permeable medium, 
at 0° C., this would absorb 85.2 times as much carbon dioxide as hydrogen, and at 20° C. f 49 
times as much. 

6146. In another diffusion process the gases containing the hydrogen are passed along 
one side of a permeable partition under a slight pressure, while an indifferent gas, such as 
sulphur dioxide or ammonia, which is easily separated from the hydrogen, is led along the 
other side, under a slightly reduced pressure. 4 * 

6146. In Bar jot's process the gas under treatment is allowed to circulate along a porous 
wall, on the other side of which there is an evacuated vessel in which nitrogen may circulate 
and take up the hydrogen diffusing through the wall. 41 

6147. Elsworthy 44 proposes to separate hydrogen from water-gas by passing the latter 
through a centrifugal gas separator. 

6148. MacDowell and Meyers heat a mixture of sulphur vapor and steam to 
a suitable temperature in presence of iron oxide as catalyst for a sufficient time 
to yield a mixture containing sulphur dioxide and hydrogen, and treat this mix- 
ture for separation of its components . 44 

6149. Epner 46 treats coke-oven gas with an alternating electric field of high 
frequency and high tension. Hydrogen and liquid products are obtained. 

Chem.-ZtQ., 1930, 64, 133; Brit. Chcm. Abet .. 1930, 322. 

» French Pat. 372,045, 1906. 

44 U. S. Pat. 1,174,631; Chem. Abet., 1916, 1424; J.S.C.I. , 1916, 527. 

41 Ger. Pat. 295,463, Apr. 15, 1913; J.S.C.I ., 1917, 330. 

41 French Pat. 599,895, Sept. 27, 1924, to Soc. d’Etudee et de Constructions M£talhir- 
giquee; Brit. Chem. Abat., 1926, 407B. 

44 French Pat. 601,774, May 7, 1925; Brit. Pat. 251,988, May 7, 1925. Brit. Pat. 291.576. 
Apr. 14, 1917, describee apparatus for separation of hydrogen by diffusion ( Brit . Chem. Abet ., 
1928, 568B). 

44 Brit. Pat. 10,581, May 5, 1906. 

44 U. S. Pat. 1,693,244, Nov. 27, 1928, assigned to Armour Fertliser Worke; Brit. Cheat. 
Abet., 1929, 172B. 

41 Brit. Pat. (application) 296,428 (convention date, Sept. 2, 1927). 
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6160. Carbon Disulphide and Hydrogen. Carbon disulphide and hydrogen, or gases 
containing hydrogen, are obtained by reaction, at temperatures above 100°, between hydro- 
gen sulphide or sulphurous gases such as those obtained in the hydrogenation of sulphur- 
bearing coal or oils, and hydrocarbons such as methane, natural gas, gases from cracking, 
distillation of coal or destructive hydrogenation of coal, tar or oils, etc. Catalysts may be 
used as alumina, active carbon, silica gel, pumice or carborundum, and an electric arc or an 
electrically heated carbon resistance may be used to effect the reaction. Air or carbon dioxide 
may be added if it is desired to produce water-gas. Unchanged hydrocarbons may be further 
cracked or otherwise decomposed to obtain additional hydrogen. 47 


ACTION OF ACIDS ON METALS 

6161. One of the oldest methods of generating hydrogen and one which is 
to-day commonly used in the laboratory and for the production of hydrogen 
on the small scale is that of acting on metals with acids, iron or zinc and sul- 
phuric acid being the materials usually employed. The cost of generation in this 
manner is too high to permit of large-scale operations except in those cases where 
hydrogen is obtained as a by-product in the preparation of metallic salts. Accord- 
ingly this method of hydrogen generation will be considered only very briefly. 

6162. C&rull&’s process yields alkali salts, hydrogen and iron oxide, the 
gas being generated by the action of hydrochloric acid on iron. Instead of 
using water alone for the absorption of hydrochloric acid in the Le Blanc process, 
some or all of the receivers or towers are packed with scrap iron or mild steel, 
ferrous chloride being thus formed and hydrogen evolved. The chloride is then 
converted, by precipitation, into iron oxide 48 and, since very dilute solutions 
are preferable for this purpose, the absorption of the last traces of hydrochloric 
acid is rendered very easy by this process, the ferrous liquor plant being con- 
veniently placed at the end of the system, and hydrochloric acid of high strength 
being produced, if desired, in intermediate parts of the plant. 

6163. According to Barton 49 dilute sulphuric acid is allowed to act on zinc 
and the zinc sulphate solution produced is filtered and mixed with a solution of 
sodium carbonate or bicarbonate, thus giving a precipitate which is separated, 
washed and dried, and sodium sulphate which is also recovered. 

6164. The insoluble zinc precipitate is proposed as “an excellent substitute for oxide 
of zinc used in the paint and rubber industries." The apparatus consists of a generating 
vessel, communicating with an acid tank by a feed pipe and a return pipe, and also with a 
gasometer and a mixing tank, the latter receiving the zinc sulphate solution from the generator 
and sodium carbonate solution from another vessel and communicating, in its turn, with a 
centrifugal separating and washing apparatus. The generator may be fitted with electrodes 
for the production of electrical energy. 

6166. An apparatus arranged to generate electrical energy when zinc is being dis- 
solved in sulphuric acid to produce hydrogen is set forth by Eastwick. 80 The apparatus, 
which is intended specially for the generation of hydrogen by the action of zinc on 
diluto sulphuric acid, consists of a generating chamber, with false bottom, on which 
rests the metal to be acted upon, and a liquid-collecting chamber situated below. The 

47 Brit. Pat. 293,172, May 26, 1927, to I. G.; Chem. Abat ., 1929, 23, 1481. Cf. Pier and 
Winkler, U. S. Pat. 1,735,409, Nov. 12, 1929, to the I. G.; Chem. Abat., 1930, 902. 

48 E. g., as in Brit. Pat. 27,302, 1908; J.S.C.I., 1909, 1126. 

49 Brit. Pat. 28,534, Dec. 8, 1910. 

80 Brit. Pat. 10,228, Apr. 27, 1911. 
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acid ifl delivered by gravitation into contact with the metal at a point near to, but above, 
the false bottom, and the salt solution produced runs through into the collecting chamber. 
An electrode may, if desired, be immersed in the liquid, within or below the reaction chamber, 
so that the apparatus may serve also as an electric cell. An apparatus described by way of 
example comprises superposed chambers contained within a single casing, the uppermost 
(containing sine) and the intermediate chamber being provided with porous or perforated 
false bottoms. Acid is conducted to the first chamber by a pipe which reaches down through 
the upper layers of sine into a cage having lateral perforations, and any excess of pressure forces 
the acid back in the supply pipe, but the sine sulphate solution produced percolates into the 
lowermost chamber. A sine rod or plate, to act as electrode, is placed above the false bottom 
in the first chamber and a copper electrode in the intermediate chamber, so that, with the 
descending liquid, an electric cell, suitable for electroplating work, ete., is produoed, this also 
ensuring the decomposition of any free acid in the spent liquid. 


6166. Hydrogen gas is obtained by Pratis and Marengo 61 by acting upon 
iron filings and water by gradual additions of sulphuric acid of 50° B6. f equal 
parte by weight being taken of each. The hydrogen produced is conducted 
first through water, then through a solution of a lead salt, and through a device 
containing diaphragms of wire gauze, to a gasometer, whence the gas traverses 
an insulating water valve, an elastic chamber and a second device similar to 
the first, when it is taken by branch pipes to the place of utilization. The arrange- 
ments described permit of the gas being produced under considerable pressure. 


6157. To overcomo the difficulties in the way of generating hydrogen from sulphuric acid 
and iron, Pratis and Marengo M propose to employ the following approximate proportions, by 
weight: Broken iron, 5 parts; water, 5 parts; 50° B6. sulphuric acid, 5.8 parts; these being 
found to produce a pasty non-caking residue, easy to remove from the apparatus and to work 
up for the manufacture of ferrous sulphate or Nordhausen sulphuric acid. The apparatus con- 
sists of a generating cylinder, fitted with a valve for discharging the residue. The acid and 
water are run in on to the charge of iron from reservoirs at a higher level, the supply valve 
being controlled by the bell of the gas holder, and is self-closing when the bell sinks below a 
certain level; or, if the gas is to be collected in receivers at high pressure, the full charge of 
liquids may be added at once. Purifiers are arranged between the generator and gas holder, 
and an excessive rate of generation is prevented by gas checks, which cause an increase of 
pressure in the generator, whereby the acid is driven back in tho supply pipe and the evolution 
of gas diminished. 


6168. The reaction which takes place in the spontaneous formation of iron 


rust, 


CO, + H,0 + Fe = FeCO, + H, 


may be accelerated by agitation, etc., so as to become a practicable method 
according to Bruno M for the production of hydrogen. Fragments of cast iron 
or steel or iron filings were introduced together with water into a steel bottle 
and carbon dioxide was passed in until the air was displaced and the liquid was 
saturated with the gas. The bottle was then closed by a steel cover, and placed 
in an apparatus where it made about 2000 revolutions per hour. There was no 
appreciable change in the pressure inside the vessel, and after 36 to 40 hours 
the gas withdrawn from the bottle consisted of pure hydrogen. At the end of 

11 Brit. Pat. 16,277, July 22. 1896. 

11 Brit. Pat. 15,509, June 29, 1907. 

M Bull. Soc . Chxm. (1907), 1, 661. 
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20 hours the gas consisted of about two-thirds of hydrogen and one-third of 
carbon dioxide. 

6169. Stuart 54 describes an apparatus for generating hydrogen by allowing 
acid to percolate through scrap iron. 

6159A. The iron is contained in crates which arc spaced away from tho walls of the gener- 
ator. The latter may be lined with lead, enamel, etc., to resist tho action of the acid. A layer 
of asbestos which is held between two perforated disks is placed above and below each crate. 
The acid is introduced under pressure at the top of the generator and percolates through the 
asbestos and then through tho scrap iron. This asbestos serves as a filter for the gas and fo* 



Fio. 270. 


the spent acid. Two or more crates of iron scrap may be used in each generator. Fig. 270 
shows the construction of the apparatus. 

6160. A method of utilising the acid values of sodium acid sulphate or bisulphate is recom- 
mended by Becquevort and Deguide 66 as follows: A solution of sodium bisulphate of density 
20° B6. (sp. gr. 1.16) is added to scrap iron in a suitable tank and heated by steam to 90° C. 
The liberated hydrogen is washed and collected in a holder. The resulting solution of ferrous 
and sodium sulphates is treated with an excess of powdered lime, producing a mixture of 
calcium sulphate and ferrous hydroxide, which is aerated to convert the latter into ferric 
hydroxide. The mass is filter-pressed, and the solution Bowing away is concentrated to 30° 
B4. (sp. gr. 1.26) and Glauber’s salt separated by crystallization. The material left in the 
filter-press is used as a gas-purifying agent. 


M U. S. Pat. 1,085,366, Jan. 27, 1914. 

M Brit. Pat. 107,807, July 11, 1916; J.S.C.I. , 1917, 962; Chem. Abat., 1917, 2947. 




CHAPTER LXII 


PRECAUTIONS IN HANDLING HYDROGEN. SAFETY DEVICES. 

PURIFICATION OF GAS 

6200. The handling of electrolytically derived gases brings with it the pos- 
sibility of explosions due to accidental mixing of the two gases, and to guard 
against serious results, at frequent intervals in the connections of the apparatus 
and service pipes, safety devices should be inserted. 

6201. The common form of safety device is the wire-gauze arrangement of Sir 
Humphry Davy. It usually consists of a roll of wire gauze or a number of disks 
of gauze inserted in the pipe connections. Such arrangements sometimes will 



check the progress of an explosion temporarily or completely, but as a rule when 
an explosion wave passes along the pipe in which the wire gauze is placed, 
although checked temporarily by the wire-gauze obstruction, it soon heats the 
latter to the ignition point. Thus the gas on the other side of the gauze is ignited 
and the explosion wave continues on its course. 

6202. When wire gauze is used preferably it should take the form shown 
in Fig. 271. A spool a carries perforations along its stem and over this wire 
gauze is wound to make a thick layer. The spool is placed in the holder b and 
fitted tightly in place against a rubber gasket so that gases entering one end 
of b will pass along the hollow stem, flow through its perforations and those of 
the gauze and make their exit at the opposite end of b . 

6203. Glass wool obstructs explosion waves in a fairly satisfactory manner 
if it is inserted into the pipe connections in such a way as to fill the cross-sec- 
tional area without being packed so tightly as to greatly reduce the flow of gas. 
Layers of glass wool, or finely divided refractory material, such as fire-brick 
granules of about 20 mesh, alternated with bundles of wire gauze, may be packed 
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into pipes of relatively large diameter to form an excellent safety device, which 
is rendered even more reliable if placed in a tank of water so as to be kept cool 
in event an explosion wave causes ignition of the gas at the surface of the outer 
layer. 

6204 . It is stated by Schoop that under the conditions occurring in prac- 
tice explosive mixtures are formed when either gas contains by volume 6 to 8 
per cent of the other gas. Such an impurity may quite readily occur through 
injury to the diaphragm of cells of the asbestos-diaphragm type, and in construc- 
tions similar to the Garuti cell care should be taken to prevent an excess voltage 
which will render the diaphragms bipolar. 

6205 . Boynton's device for preventing the transmission of explosions is 
shown in Fig. 272. A is the gas inlet, B the outlet, E one or more perforated 
plates and H a space filled with fragments of metal. 1 


iti 



6206 . For the prevention of hydrogen explosions steel wool is recommended by Ohmann.* 
He regards steel wool as very suitable to take up and carry off the heat developed and, by 
lowering the temperature in this way, proventing the spreading of an explosion. To insure 
against the danger of an explosion, a roll of the wool, somewhat tightly pressed together, is 
placed in the gas conduit. Trials with a mixture of } hydrogen and f air, also with the strong- 
est explosive gas mixture 2 H + O, showed that the explosive flame or wave was checked and 
extinguished in contact with the wool. 

6207 . The various possible causes of certain fatal accidents resulting from 
the explosion of oxygen or hydrogen cylinders has been discussed by Bram- 
kamp. 1 

6208 . In most cases it is certain that an explosive mixture of hydrogen 
and oxygen has been introduced into the cylinder. The two most important 
causes of this are: (1) the use of the same compressor alternately for both gases; 
and (2) unsatisfactory control and attention when the gases are obtained at the 
same time in the electrolysis of water. Other causes which may contribute 

1 U. S. Pat. 58,055, Sept. 18, 1866. See also U. S. Pats. 713.421, 730,807, 743,064, 819,202 
and 948,323. 

1 Z. phyrik. chem. Unterricht, 11, 272; Chem. Zentr., 1912, 1, 1426. 

• Zeit. anyew. Chem., 1912 , 536; J.S.C.I., 1912 , 920. 
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but which are unlikely in themselves to account for an explosive mixture in a 
full cylinder are: (1) the use of an oxygen cylinder as a hydrogen cylinder or 
vice versa, without previously removing all the original gas; and (2) the absorp- 
tion of hydrogen by finely divided iron inside the cylinder. The various methods 
by which the explosive mixture when present may be exploded include: (1) igni- 
tion of oil or other combustible material in the valve or pressure gauge by the 
compressed oxygen; (2) local rise in temperature of the gas due to sudden closing 
of the valve; (3) catalytic action of finely divided iron in causing combination 
in the mixture and raising its temperature; and (4) pyrophoric oxidation of 
finely divided iron. Bramkamp is of the opinion that with suitable precautions 
an explosive mixture need never be put into a cylinder, and that all cylinders 
should be tested by analysis of their contents immediately after filling. 

6209. Tubes of compressed hydrogen, accidentally contaminated with air, 
have been known to explode on connecting them with a manometer for the pur- 
pose of measuring the pressure of the gas. Lelarge 4 has found that if ordinary 
manometers are employed in the usual way, such explosions may occur when- 
ever the hydrogen contains enough air to render it explosive, and the pressure 
is sufficiently high. The reason probably lies on the rise of temperature produced 
by the sudden and more or less adiabatic compression of the air in the manom- 
eter. Such accidents may be avoided by interposing, between the tube of 
compressed gas and the manometer, a safety-tube containing disks of metallic 
gauze of such mass that they are not appreciably heated by combustion of the 
gas mixture in the manometer. By this means the ignition of the main body 
of gas is prevented. Similar safety-tubes should be employed whenever a 
highly compressed explosive gas mixture is allowed to expand suddenly into a 
confined space. Before measuring the pressure of compressed hydrogen, liable 
to contain air or oxygen, it is advisable to determine its density, as a further 
safeguard. 

6209A. Reducing the Inflammability of Hydrogen. Hydrogen is mixed with 0.5-2 per 
cent of the vapor of one or more compounds, c.g., petroleum hydrocarbons, benzene, alcohols, 
having a flame-propagation temperature above that of hydrogen. 4 * 

Summary 

6210. The majority of the numerous proposals for making hydrogen in 
various ways have been outlined in the foregoing for the reason that many 
investigators at the present time are studying the subject of hydrogen genera- 
tion, and everywhere present and prospective users of hydrogen are seeking 
information which may enable a better understanding of the subject. 

6210A. For oil hydrogenation at least four methods of generating hydrogen 
have found a place. These are the (1) steam-iron, (2) water-gas liquefaction, 
(3) water-gas and lime and (4) electrolytic systems. With the exception of 
the latter these all require a water-gas plant with a not wholly simple system of 

4 Compt. rend., 1912, 914. 

** Koku-Kcnkyujo, Brit. Pat. 294,958, July 9, 1928; French Pat. 658,515, Aug. 2, 1928; 
Brit. Chem . Abtt ., 1930, 58B. 
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purifiers, etc. As to the steam-iron method it may be noted that the oppo- 
nents of this system claim it has been shown in practice that the iron sponge 
will not regenerate after a few operations and the iron retorts used are demol- 
ished all too soon by the high heat employed and have to be continually replaced. 
The advocates of the system claim great improvement in the matter of longevity 
of the iron sponge and a low cost of production. The liquefaction system, 
although scarcely feasible to install in a small way, is more attractive for large 
scale operation. The water-gas and lime system has some features in its favor, 
but has as yet received no extensive technical application. The electrolytic 
process may be called the foolproof system, as with proper safe guards against 
mixing of the gases and suitable safety devices, the generating plant may be 
operated with unskilled labor. The objections raised against it are the floor 
space required and the high cost of the gas. If, however, the oxygen is saved 
and compressed it can usually be sold at a profit which, credited against the 
hydrogen account, greatly reduces the cost of the latter. For small plants elec- 
trolysis has much in its favor. 46 

Purification of Hydrogen 

6211. In the previous discussion of methods of producing hydrogen various 
procedures of purification have been mentioned. To summarize, oxygen may be 
eliminated by passing the gas through heated tubes containing copper turn- 
ings; carbon dioxide by exposure to hydrated lime, carbon monoxide by con- 
tact with soda lime at 300° C. or over, in the presence of moisture, or with acid 
cuprous chloride; and nitrogen may be removed by exposure to heated calcium 
carbide. Moisture may be reduced to a negligible amount by means of quick- 
lime, calcium chloride or other desiccating agent. 

6211A. Catalyzers of different types vary considerably in their resistance to 
impurities or catalyzer poisons in the hydrogen, but the period of activity of the 
more reliable catalyzers is at best all too short, and it may be laid down as a gen- 
eral rule that hydrogen free from moisture, oxygen, sulphur, phosphorus, chlorine, 
arsenic and cyanogen compounds should be employed. Of course there are 
exceptions to this, as, for example, with nickel oxide catalysts oxygen is thought 
not to be detrimental and in fact by some is regarded as advantageous. 

6212. The Badische Anilin und Soda-Fabrik 6 remove traces of carbon monox- 
ide from hydrogen by passing the gases through caustic alkali solutions at high 
temperatures and pressures, e.g., hydrogen containing 1 per cent of carbon mon- 
oxide is treated with (a) an 80 per cent solution of caustic soda at 50 atmos- 
pheres pressure at 260° C., or (6) a 25 per cent solution of caustic soda at 200 
atmospheres pressure at 240° C. 6 

46 The cost of hydrogen per cubic meter (I cu. m. = 35.3 cu. ft.) produced in various way* 
is given by Sander. Zcit9ch. f. anoew. Chem. t 1912, 2407. 

1 French Pat. 439,262. Jan. 22. 1912. 

• By heating a solution of caustic alkali under a pressure greater than five atmospheres, 
hydrogen is freed from sulphur and sulphur compounds. (Badische, Brit. Pat. 14,509. June 
23, 1913.) 
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6213. Hydrogen prepared from commercial zinc and acid, is bubbled through 
petroleum spirit cooled by liquid air. A temperature of —110° C., according to 
Renard, 7 suffices to insure the removal in this way of all the arseniuretted hydro- 
gen even from a rapid stream of the gas. 

6214. Wentzki removes arseniuretted hydrogen from impure hydrogen by 
passing the gas upwards through a cylinder packed with a mixture of two parts 
of dry chloride of lime and one part of moist sand or other inert material. If the 
column of purification material be sufficiently high, the whole of the arsenic is 
retained. A small quantity of chlorine is set free, but can be removed by passing 
the hydrogen through a second cylinder packed with nearly dry slaked lime. 8 

6216. Rabenalt 9 purifies hydrogen by passing it into a solution of iodine 
through which an electric current is simultaneously conducted. 



Fig. 274. 


6216. For purifying electrolytic gases Knowles 10 uses the apparatus as 
shown in Fig. 274. The gas to be purified is first passed through an ordinary 
washer then through an explosion trap and finally enters the purifier proper. 
In its entry into the purifier the in-going gas is preheated by passage around the 
conduit through which the out-going gas and vapor is passing. In the purifying 
chamber the gas passes through contact material and water vapor is formed 
and is condensed and removed. In the illustration the web F supports grids of 
porcelain on which the contact material is spread. Knowles states that when 
the apparatus is working properly no external heat is required on account of 
the rise in temperature caused by the condensation. 

6217. The removal of sulphur from gas by the Carpenter process 11 involves 

7 Compt. rend., 1903, 136 (22), 1317. 

8 Chcm. lnd., 1906, 405. 

• U. S. Pat. 1,034,646, Aug. 6, 1912. 

10 U. S. Pat. 1,073,246, Sept. 16, 1913. 

11 Jour. Ind. dt Chem. Eng., 1914, 262. 
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passing the gas over reduced nickel heated to 800° to 900° F. when carbon 
disulphide reacts with hydrogen to form hydrogen sulphide and the latter body 
is absorbed in the usual manner. 

6218. The treatment of water-gas to separate pure hydrogen, as described by 
Frank, 12 is of interest in this connection. Water-gas, previously dried as much 
as possible, is conducted over calcium carbide, at a temperature from 300° C. 
up to the melting-point of the carbide. When water-gas is conducted over car- 
bide thus heated an absorption of all the substances associated with the hydro- 
gen takes place. Carbon monoxide or dioxide forms with the carbide, lime or 
carbonate of lime and carbon. The nitrogen is likewise absorbed. The hydro- 
carbons are decomposed when passed over the heated lime-carbon material with 
the separation of carbon. The action of the carbide on various gases is indicated 
by Frank in the following reactions: 


CO 

+ 

CaC, — 

CaO + 3 C 

CO, 

+ 

2 CaC, 

= 2 CaO + 5 C 

3 CO, 

+ 

2 CaC, 

= 2 CaCO, + 5 C 

O 

+ 

CaC, = 

CaO + 2 C 

2 N 

+ 

CaC, = 

CaN,C + C 

SiH. 

+ 

3 CO + 

CaC, 4" heat = CaSiO, -(- 5 C ■(■ 2 H : 

CS, 

+ 

CaC, — 

2 CaS + 3 C 

H,S 

+ 

CaC, = 

CaS + 2C + H, 

zPH, 

+ 

CaC, = 

CaP* + 2C + 3 xH 

CS, 

+ 

2 COj 4- heat = 2 SO* -f- 3 C 

2 SO, 

+ 

3C + 2 

CaC, = CaS0 4 + CaS + 7 C. 


6219. Almost chemically pure hydrogen is ultimately obtained as the final 
product. Carbon monoxide or dioxide may be previously entirely or partially 
removed from the water-gas by mechanical separation of the constituent gases 
to relieve the carbide from the duty of separating the major part of the gases. 
If the water-gas is produced at a high furnace temperature and contains in addi- 
tion to hydrogen almost exclusively carbon monoxide and only a little carbon 
dioxide, the mechanical separation is preferably effected by conducting the 
water-gas, which has been suitably cooled, into a Linde’s air-liquefaction machine 
or other similarly constructed apparatus to liquefy the carbon monoxide; the 
dioxide and small quantities of silicon hydride, etc., being obtained solid, 
whereas the hydrogen remains gaesous and can be separated and conducted 
away. If the water-gas is produced at a low temperature, and if little carbon 
monoxide and principally carbon dioxide are obtained in addition to hydrogen, 
the previous mechanical separation may be effected by the water-gas being 
cooled down to a temperature below that of the congealing or liquefying point 
of the secondary constituents of the water-gas (carbon dioxide, carbon mon- 
oxide, etc.), these secondary constituents being separated in this manner in a 


11 U. S. Pat. 964,415, July 12, 1910. 
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solid or liquid form from the hydrogen which is obtained. After the previous 
mechanical separation of the secondary gases, the hydrogen which contains some 
remnant of other gases, as carbon oxides, silicon hydride, hydrogen sulphide, 
phosphoretted hydrogen, nitrogen, carbon disulphide, and hydrocarbons, is 
then subjected to a final purification by conducting it over carbide. Before 
being passed over the carbide, the water-gas may be freed from carbon dioxide 
and monoxide by treatment with lime and cuprous chloride solution respectively. 1 * 

6220. Bosch and Wild 14 have found that by treating hydrogen under pres- 
sure exceeding five atmospheres with a hot solution of fixed caustic alkali, sul- 
phur and compounds containing sulphur can be practically completely removed. 

The concentration of the alkaline solution and the temperature and pressure employed 
con be varied within wide limits. As an example, caustic soda solution of from 10 to 50 per 
cent can be employed at a temperature of from 150° to 225° C. and a pressure of 50 atmos- 
pheres. As a rule, if higher pressures be employed, the gases can be passed through the caustic 
alkali solution with a greater velocity while still effecting a total separation of all sulphur and 
sulphur compounds. 

6221. A purifier for separating dust and sulphur compounds from producer-gas, water- 
gas, and the like is described by Berlin Anhaltischo Maschinenbau 11 as follows: Within and 
spaced away from the wall of the purifier is a retort packed with turnings of iron or other 
metal capable of combining with sulphur compounds. Except at the two ends the wall of the 
retort is porous. The gas enters the purifier, and passes through the porous wall of the retort, 
which retains dust, etc. A blast of air may be passed into the purifier to bring it to and 
maintain it at the requisite temperature for the retention of the sulphur compounds by the 
iron turnings. 

6221A. Hydrogen containing oxidixablo impurities, e.g., carbon monoxido or hydrocar- 
bons, and also reducible impurities, e.g., sulphur or phosphorus compounds, is humidified 
and mixed with water vapor and with sufficient oxygen and hydrogen to combine with the 
impurities, and then passed under pressure over charcoal at not above 600°, the conversion 
product* of the impurities then being removed by known means. 14 * 

6222. It is stated by the Badische Company 18 that carbon monoxide can 
be very quickly and effectively removed from gas mixtures by means of aramo- 
niacal cuprous chloride solution under pressure. 

6223. The solutions contain, in 1 liter, considerably more than 60 grams of ammonia gas 
in the form of free base or carbonate. Iron apparatus or parts in motion are not injured by 
this solution so that high pressure can be employed, where stoneware and lead are not suitable. 
Ammonia is supplied as it is lost, the solution is kept in circulation between the absorption 
and a lower pressure chamber where the carbon monoxide is removed, and any oxidation of 
copper is corrected by the carbon monoxide before it is removed. A suitable solution is pre- 
pared by mixing 200 kilograms of cuprous chloride, 250 kilograms of ammonium chloride, 500 
kilograms of 25 per cent ammonium hydroxide and 500 kilograms of water. Operating at 
pressures above 100 atmospheres very small amounts of carbon monoxide may be removed 
from gases (such as hydrogen containing carbon monoxide) in a short time. 

6224. The absorption of carbon monoxide from oxygen-free gas mixtures by ammoniacal 
cuprous chloride solutions is carried out by tho Badische Company 17 with an addition of 

l# French Pat. 371,814, Nov. 26. 1906. 

14 U. 8. Pat. 1,133,087. Mar. 23. 1915. 

11 Ger. Pat. 271,122, Dec. 12. 1912; U. S. Pat. 1.129,558; J.S.C.I., 1914, 472. 

,4 *Soc. d’Etudes Minifcres A Industrielles, Brit. Pat. 302,306, Nov. 16, 1928; Bril. Chem. 
Abst., 1930, 143-4B. 

11 Ger. Pat. 282,505, Nov. 19, 1913; Chem. Abst., 1915, 2299; see also Brit. Pat. 9,271, 
Apr. 14. 1914. 

17 Chcm. Abst., 1917, 873; Austrian Pat. 72,240, Aug. 10, 1916. 
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oxygon to the gas sufficient in amount to prevent the separation of copper but not in such a 
quantity as to cause any marked oxidation of carbon monoxide. 

6226. A method of freeing gases from carbon dioxide present as impurity 
is given by Soc. L’Air Liquide, 18 which consists in subjecting the impure gas 
first to a physical purification by solution under pressure in water and then to a 
chemical purification by the action of a purifying reagent dissolved in the water. 

6226 . The process is applicable to the removal of carbon dioxide from water-gas or water- 
gas modified by catalysis or by passage over hydrated lime, prior to liquefaction of the gas. 
The process is effected by bringing the compressed gas into contact with a counter-current 
of water in a tower, at the upper portion of which is introduced a small quantity of lime or 
caustic soda. The dissolved gas may be subsequently removed from the liquid by relieving 
the pressure thereon, and, when lime is used, the precipitated carbonate may be filtered off and 
the water returned to the tower. 

6227 . For the purpose of freeing hydrogen from carbon dioxide by scrubbing with 
water or with an aqueous solution under pressure, the pressure is released from the resulting 
solution in separate stages, so that a gas richer in hydrogen than that in solution is first 
obtained. This may be again compressed and retreated. Various pressures up to 200 
atmospheres may bo used in the different stages of the process. 18 * 

6228 . In a process for the absorption of gases by liquids, under pressure, with subsequent 
regeneration of the absorbent by relieving the pressure, Ges. ffir Linde's Eismaschinen 19 absorp- 
tion is effected under as high a pressure as possible and the absorbed gas subsequently released 
by producing a partial vacuum in the absorption vessel and simultaneously passing through 
it a current of gas in which the concentration of the absorbed gas, if this be present, is lower 
than corresponds to its partial pressure, in the gas above the solution. It is stated that by 
this process the absorption of carbon monoxide in cuprous chloride solution, which hitherto 
has proved impracticable, may be used with good results, e.g., for the production of hydrogen 
free from carbon monoxide. 

6229. To remove oxygen from gaseous mixtures, Siemens and Halske* 0 
pass the gases over a metal heated to incandescence, the metal being one, such 
as zirconium or titanium, the oxide of which is not reduced by hydrogen or 
carbon monoxide at the temperature of working. In practice gases to be freed 
from oxygen frequently contain hydrogen or oil vapors. By the process 
described, it is stated that oxygen can be removed from such gases without 
formation of steam. 

6230. Ueno and Kimura 11 purify by-product hydrogen by treatment with 
metallic copper, a cuprous salt and ammonium hydroxide, with or without the 
addition of another ammonium compound. Ueno 51 employs colloidal platinum, 
palladium, iridium or osmium in an aqueous vehicle containing an organic body 
such as sugar or glycerine, gum arabic and soap. 

6231 . When working with hydrogen at raised temperature and under pressure in iron 
vessels, according to Bosch 23 if the iron contains carbon the strength of the vessel suffers to 
such an extent that after a very short time it is no longer able to withstand the higher pressure 
which is being employed, due to the action of the hydrogen upon the carbon. The use inside 
such iron tube of a lining which is chemically not acted upon by hydrogen is of little value, 
since, when high temperatures are employed, practically all substances are pervious to hydro- 

18 Brit. Pat. 15,053, Juno 23, 1914. 

I8m Gordon and Imperial Chem. Ind., Ltd., Brit. Pat. 311,299, Jan. 31, 1928; Chem . Abit .. 
1930, 928. 

19 Ger. Pat. 289,106. Mar. 29, 1914; 7.S.C.7., 1916, 523. 

20 Ger. Pat. 279,132, June 28, 1913; J.S.C.7., 1915, 230. 

21 Chem. Abal., 1918, 208; Japanese Pat. 31,292, July 10, 1917. 

22 Japanese Pat. 31.291, July 10, 1917. 

28 U. S. Pat. 1,188,530, June 27, 1916. 
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gen under pressure. Although the quantity of hydrogen which diffuses through the walls of 
the tube is only minute in comparison with the total quantity of gases treated in such tubo, 
yet in course of time this small quantity is sufficient to act on the carbon contained in tho 
iron of the tube to such an extent as to deteriorate the resisting power of the tube. 

6131 . Bosch states that he can work conveniently with flowing hydrogen under con- 
tinuous pressure and at raised temperatures if the vessel in which the reaction is being carried 
out and within which the high pressure is being maintained, be surrounded by some kind of 
structure which is capable of supporting the inner vessel, but which itself readily allows any 
gas to escape which may diffuse through the walls of the inner vessel. This can be effected by 
surrounding the inner vessel with a series of steel rings, or a suitable network of bars, or the 
inner tube may be covered with a second tube which is perforated, the essential condition 
being that the outer tube, which is supporting the inner tube, is not impervious to the hydro- 
gen which diffuses through the inner tube at the high temperature and pressures employed. 
It is most convenient to construct tho outer perforated tube, network or rings, of steel, while 
tho inner tube, in which the hydrogen is contained under pressure and heat, may bo con- 
structed either of steel, or of some material which does not contain carbon, such as wrought 
iron (practically free from carbon), nickel or silver. 

6133 . Reactions in which hydrogen is involved under pressure and at high temperaturoa 
are carried out in an apparatus comprising an exterior (metallic) receiver, capable of sup- 
porting the pressure, and an interior receiver (e.g., of glazed porcelain, glass, quartz, etc.), 
capable of resisting the chemical action and the diffusion of the hydrogen. Or, the reaction 
is allowed to take place in an inner metallic or non-metallic porous receiver, which is sepa- 
rated from the outer wall, supporting the pressure, by an alloy or composition capable of resist- 
ing the chemical action and diffusion of the hydrogen. 14 

6134 . Pier 16 describes an apparatus for effecting reactions with hydrogen under pressure. 
To prevent leakage of hydrogen, a layer of molten Wood’s metal or other readily fusible 
alloy is maintained between the upper wall and tho outer casing of the vessel (which inay 
be of steel). The inner wall may be of porcelain or metal. The apparatus will withstand 150 
atmospheres pressure without leakage. 

Effects of the Presence of Hydrogen in Electrolytic Oxygen 

6235. Experiments conducted by the Bureau of Mines tend to indicate that, 
at atmospheric pressure, mixtures of oxygen and hydrogen containing less than 
10 per cent by volume of hydrogen are inflammable but not explosive. Teras 
and Plenz find at least 30 per cent of oxygen is required for explosion. The 
electrolytic industry for making oxygen and hydrogen, as a general rule, attains 
on an industrial scale the generation of both oxygen and hydrogen at purities 
well above 99 per cent. Hydrogen containing but 1 per cent of oxygen appar- 
ently need not be considered a hazardous product, as the oxygen in such a 
mixture, it is claimed, cannot be made to combine with the hydrogen to produce 
an explosive reaction. 

6236. The attention of the Bureau of Mines 24 has been directed to a series 
of explosions of oxygen made by the electrolytic process in which life has been 
lost, as a result of hydrogen being mixed with oxygen. Rice, of the Bureau of 
Mines, reports that this is due to improper design in the manufacturing appara- 
tus, i.e., the cells and electrical connections; to insufficient safeguards con- 
nected with the electric apparatus, the polarity suddenly and unexpectedly 
shifting; to the manufacture of oxygen without frequent analyses; and to incom- 
petent or ignorant attendants. Unfortunately, certain makers of oxygen-manu- 
facturing apparatus have advertised that any laborer can take care of their 

11 Chem. Abat ., 1915, 28; French Pat. 469,391 and First addition, Mar. 7, 1914. 

14 U. S. Pat. 1,159,865, 1915. 

u Met. Chem. En 0 . % 1917, 402. 
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apparatus. It is believed that the manufacture of electrolytic oxygen can be 
carried on in a manner to make it entirely safe. Nevertheless, certain tanks 
from one batch caused three widely separated explosions in California, killing 
seven men in all, and an analysis of gas from a tank filled at the same time 
showed that it contained over 60 per cent of hydrogen. 

6237. The California Commission, after thorough investigation as to the 
cause of three explosions, limited the hydrogen content in oxygen containers 
to 2 per cent.* 7 

6238. Wohler 58 referring to the regulations which have been enforced in 
Germany with regard to the filling and use of compressed gas cylinders for oxygen 
and hydrogen gases, gives details of some explosions to show that in spite 
of all these precautions accidents due to carelessness and negligence are of 
frequent occurrence. 

6239 . The most disastrous of these, in which three men were killed and many were 
injured, occurred at Darmstadt. An empty oxygen cylinder of 210 cu. ft. capacity was filled 
with hydrogen, but the error was discovered before the gas was used and the cylinder was 
returned to the compressed gas works. Without emptying the cylinder, the men in charge 
of the oxygen-filling machinery filled the cylinder to its maximum capacity with oxygen, and 
when the cylinder arrived at the railway workshops the second time, and was put into use, it 
burst. Owing to the shortage of copper, during the war, the connecting gas couplings used 
at the filling works were made of iron or steel. The rule with regard to right- and left- 
handed threads to the cylinder fittings for the different gases was, therefore, easily evaded, for 
a steel or iron screw may be externally threaded on a brass connecting piece whatever the 
thread may have been on this originally. The regulations with regard to the use of distinc- 
tive colors for the cylinders containing the two gases were also often ignored, owing to labor 
shortage and similar difficulties, and cylinders were used indiscriminately for oxygen or 
hydrogen, without regard to their color or markings. As a precaution against similar acci- 
dents and explosions Wohler recommends the application of the Haber test for explosive gases 
before the gas from any cylinder is used, or the still more simple soap-bubble test, which con- 
sists in blowing a bubble with the gas from the cylinder, and then applying a light. These 
tests, however, are of little value if left in the hands of the workmen, since negative results 
can easily be obtained with them. 

6240. Hammond 19 describes an apparatus that prevents polarity reversal 
by use of an automatic switch which completes the connection with the cells 
only when the normal speed of the generator is reached. Reversal of phase 
is prevented by use of a polarized relay connected to a special shunt which 
provides for a single-pole relay in the control circuit. 10 


87 Brownell, Eng. Record , 1917, 594. 

» Z. angew. Chcm. t 1917, 30. 174; J.S.C.I . , 1917, 917. 

v Machinery , 23 , 1070, 1917; Chem. Abet ., 1917, 2860. Apparatus for the determination 
of purity of oxygen by absorption with metallic copper and of hydrogen by the combustion 
method are illustrated. Causes of explosions and precautions to bo observed are given. 

,0 An explosion arrester involving the use of a water seal is described by Ellis, U. S. Pat. 
1,170,055, Feb. 1, 1916. Oil-hardening tank explosion. (Byrne, Chem. Trade J., 58, 164, 1916; 
Chem. Abst., 10, 1271.) An explosion occurred May 22, 1915, in one of six tanks employed by 
Messrs. Ardol, Ltd., Selby, Yorks, in converting oil into a solid by means of hydrogen. Each 
tank was fitted with 3 vertical coils of copper tubing forming an endless circuit through which 
hot water was passed. Its temperature normally was about 290° and its pressure 2000 lb. per 
sq. in. The oil in the tank was heated to a temperature of about 260° and the hydrogen, at a 
pressure of 5 lb. per sq. in. was sent from the bottom upward through the tank to the cleansing 
plant. The accident is found to have been due to a leakage from the copper coil producing 
an undue pressure in the tank. 
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ADDENDA 

Since the major portion of the text of this book was placed in print additional 
material has come to hand which has received brief notice in the following 
appended items. These range through most of the subjects treated in the pre- 
ceding chapters. 

6300. Ortho- and Para-Hydrogen. Bonhoeffer and Harteck have shown that the 
change in the specific heat of hydrogen with temperature is due to the presence in molec- 
ular hydrogen of two components which have been termed ortho- and para-hydrogen. 
They have also shown that the transformation between the two forms can be catalyzed. 
CZ. physik. Chem., Abt. B, 1929, 5, 292; Chem. Abst ., 1930, 279.] At the ordinary tem- 
perature hydrogen comprises a mixture of one part of para-hydrogen to three parts of 
ortho-hydrogen, at the temperature of liquid air the ratio is about 1 : 1, while at 20.4° 
Abs. it is practically pure para-hydrogen. The triple points of the two forms are slightly 
different, as also are physical properties such as specific heat and thermal conductivity. 
^Bonhoeffer and Harteck, Z. Elektrochem ., 1929, 35, 621; Brit. Chem . Abst., 1929, 
1372A.] According to the theory of allotropy, there are several possible T-X diagrams 
for systems of ortho- and para-hydrogen. Depending on their mutual solubilities, 
there may be instead of a triple point, a pressure-temperature curve along which the 
solid phase melts under its own vapor pressure. CSmits, Proc. Acad. Sci. Amsterdam, 
1929, 32, 603-9; Chem. Abst., 1930, 279.3 To make para-hydrogen, ordinary hydrogen 
is absorbed to the point of saturation on A-charcoal at atmospheric pressure and at the 
temperature of liquid hydrogen. When the gas is pumped off after a few minutes it is 
99.7 per cent para-hydrogen, recognized by its increased conductivity. In their chemical 
and electrochemical behavior the two modifications show no difference. ^Bonhoeffer 
and Harteck, Z. physikal. Chem., Part B, 1929, 113; Brenn.-Chem., 1929, 369.] Rever- 
sion from para- to ordinary hydrogen can be brought about by irradiating the quartz 
conductivity vessel with the rays from a well-cooled mercury lamp, and the change in 
heat conductivity followed at the same time with a sensitive bridge arrangement. £Senft- 
leben, Z. physikal. Chem., Part B, 1929, 169; Brenn.-Chem., 1929, 370.] Smits regards 
the proof of the existence of para- and ortho-hydrogen as a proof of the principles on 
which the theory of allotropy is based. ^Physik. Z., 1929, 30, 425-7; Chem . Abst., 1929, 
4855.] A calculation of the probability of transition of the symmetrical into the anti- 
symmetrical hydrogen by spontaneous radiation. ^Bonhoeffer and Harteck, Z. physik. 
Chem., 1929, Abt. B, 4, 113-41; Chem. Abst., 1929, 4383.] Weber gives a brief sum- 
mary of the investigations of Eucken, and Bonhoeffer and Harteck on the modifications 
of hydrogen. CArhiv. Chem. Farm., 1930, 4, 16-20; Chem. Abst., 1930, 2655.] 

6301. Atomic Hydrogen. Atomic hydrogen from a Wood tube was passed through 
a straight tube, and the degree of dissociation at various points was determined by 
measuring the heat effect on platinum foil. The rate of recombination was found to 
conform to the three-body mechanism for exothermic binary reactions. ^Smallwood, 
J. Am. Chem. Soc., 1929, 51, 1985-99; Chem. Abst., 1929, 4397.] Dissociated water 
vapor seems to be more reactive than atomic hydrogen, in that it will reduce metallic 
salts which are not reduced by atomic hydrogen. Also the active gas is more easily 
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prepared from water vapor than from hydrogen. It has been suggested that there is 
another active constituent in the gas, probably the hydroxyl-radical. tUrey and Lavin, 
J. Am. Chem. Soc. t 1929, 61, 3290-3.] The disappearance of hydrogen in discharge 
tubes is attributed to the effect of atomic hydrogen. The combination of atomic 
hydrogen takes place on the surface of the glass, which becomes heated and gives up 
carbon monoxide and carbon dioxide. These gases react with hydrogen. If water 
vapor is excluded from the tube no disappearance of hydrogen is observed. tDelaplace, 
Compt. rend.y 1929, 189, 849-50; Brit. Chem. Abst., 1930, 45A.] The two quantum 
excited states of the hydrogen molecule. ^Kemble and Zener, Phys. Rev., 1929, S3, 
512-37; Chem. Abst., 1929, 4878.] Copaux discusses the properties and production 
of active nitrogen and hydrogen. The prediction of and experimental evidence for the 
existence of ortho- and para-hydrogen are outlined. XChim. et Ind., 1930, 23, 267—72; 
Brit. Chem. Abst., 1930, 524A.] 

6302. Reactions of Atomic Hydrogen. Atomic hydrogen, prepared by Wood’s 
method, was allowed to react with organic compounds. Azoxybenzene is reduced to 
aniline through the intermediate stages of azobenzene and hydrazobenzene. Dyes are 
immediately decolorized, but they partly regain their color on exposure to air; indigotin 
is reduced to indigo-white. Benzoic acid and acetamide catalyze the recombination of 
atomic hydrogen, but are not attacked themselves; formic acid also promotes this 
recombination, but is itself slightly reduced to formaldehyde in the process. Acetalde- 
hyde is polymerized to paraldehyde. CUrey and Lavin, J. Am. Chem. Soc., 1929, 61, 
3286-90; Brit. Chem. Abst., 1930, 46A.] Bonhoeffer and Harteck describe the reaction 
of atomic hydrogen with hydrocarbons. CZ. physik. Chem., 1928, 139, 64-74; Chem. 
Abst., 1929, 5154.] Active hydrogen, passed over metallic lead, forms a lead hydride 
which decomposes at red heat with formation of a lead mirror. Decomposition also 
takes place during condensation. CSchultze and Mliller, Z. physik. Chem., 1930, 6B, 
267-71; Chem. Abst., 1930, 2036.] Nagel and Tiedemann describe an apparatus for 
studying the action of atomic hydrogen, obtained in a Geissler tube according to the 
Wood-Bonhoeffer method, on organic material. With active hydrogen oleic acid is 
first changed into stearic acid and then polymerization occurs. \^Wiss. Verdffenilich. 
Siemens- Konzem, 1929, 8, 187-98; Chem. Abst., 1930, 2363.] 

6303. Adsorption. Constable has studied the kinetics of the hydrogenation of 
ethylene on a copper catalyst of measured surface area. The proportions of adsorbed 
gases, the activity of the catalyst and the area of the surface changed with repeated 
oxidation and reduction. XZ. Elektrochem., 1929, 36, 105-10; Chem. Abst., 1929, 4397.] 
The isotherms of adsorption of hydrogen, ethylene and ethane by catalytic nickel have 
been studied by Foresti. Theoretical considerations and the experimental data together 
favor the idea of the “ heterogeneity ” of the surface of the catalyst. CGazz. chim. itai., 

1929, 69, 243-58; Chem. Abst., 1929, 4615.] The differential heat of adsorption for 
hydrogen of various samples of platinum-black has been measured. The heat of 
adsorption is of the order of 30,000 g.-cal. Catalytic activity runs parallel to the 
adsorption characteristics of these samples of platinum-black. XQ. B. Taylor, Kistia- 
kowsky, and Perry, J. Phys. Chem., 1930, 34, 748-52; Brit. Chem. Abst., 1930, 522A; 
Chem. Abst., 1930, 2663.] Benton and White have studied the adsorption of hydrogen 
by reduced nickel at pressures from zero to one atmosphere and at temperatures from 
110 to —210°. They conclude that at the lowest temperatures the adsorption is of the 
“ secondary,” or ordinary molecular type, while at higher temperatures a progressively 
larger fraction of the nickel surface is capable of holding the hydrogen by adsorption of 
the *' primary ” type, involving a marked activation of the gas. X J- Am. Chem. Soc., 

1930, 62, 2325-36.] Catalytic combination of hydrogen with ethylene or carbon 
monoxide but not with nitrogen occurs appreciably over metallic cesium at room tem- 
perature, but more rapidly at 200°. The rate of combination is much retarded by the 
gradual formation of cesium hydride. It is concluded that only adsorbed hydrogen is 
available for hydrogenation, and that hydride formation serves merely to diminish the 
free surface. CHill and Kistiakowsky, J. Am. Chem. Soc., 1930, 62, 892-4.] 
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6304. Catalyst Poisons. Sulphur is found to be less poisonous to nickel catalysts 
than arsenic. CMoshkin, Masloboino-Zhirovoe DeJo, 1928, No. 10, 16-7; Chem. Abst., 
1929, 4839.3 Catalysis of the hardening of fatty (sardine) oils by nickel is retarded by 
the presence of minute quantities of nitric acid and ammonia. Nitrogen, ethylene, 
methane, and carbon dioxide have no effect. £Ueno and Yukimori, J. Soc. Chem. Ind., 
Japan, 1929, 32, 318-21B; Brit. Chem. Abst., 1930, 292B.] Ueno tried the effect of 
65 different organic compounds as negative catalysts in the hydrogenation of soya bean 
oil with nickel catalysts. Compounds which are poisons to the human body act as 
negative catalysts for nickel. Anesthetics, such as barbital and dial, which do not 
contain halogens, sulphur or phosphorus have a narcotic action on the nickel catalyst. 
tJ. Soc. Chem. Ind., Japan , 1926, 31, 303-6B; Chem. Abst., 1930, 3123.] As little as 
2 per cent of nitrogenous material in crude cod-liver oil and 1 per cent blood or the 
presence of free fatty acids diminishes the absorption of hydrogen by the oil. [Pincass, 
Seijensieder-Ztg., 1929, 56, 248; Chem. Abst., 1930, 2318.] In the formation of atomic 
hydrogen, glass walls may be permanently poisoned by covering them with oily phos- 
phoric acid. The protective action depends on a definite partial pressure of water in 
the hydrogen. Admixture of oxygen as a protective gas is effective only after formation 
of water. £von Wartenberg and Schultze, Z. physik. Chem., 1930, 6B, 261-6; Chem. 
Abst., 1930, 2036.] Andrews has noted the various impurities in oils which act as 
catalyst poisons during their hydrogenation. C Chem . Trade J ., 1929, 84, 277-8, 302-3, 
351-2, 369-70; Chem. Abst., 1930, 1530.] 

6306. Combination of Gases on Metallic Surfaces. The combination of hydrogen 
and oxygen on the surface of platinum has been studied by Donnelly and Hinshelwood 
CJ. Chem. Soc., 1929, 1727-33; Chem. Abst., 1929, 5398] by means of a wire heated 
below the temperatures at which explosion takes place. They affirm the existence of 
active centers of different kinds on platinum wire. There are no definite indications of 
chain reactions extending out from the wire. The rate of combination of hydrogen and 
oxygen on the surface of nickel is proportional to the partial pressure of hydrogen 
and independent of that of oxygen down to 50 mm. The hypothesis that the combina- 
tion takes place by molecules of hydrogen striking adsorbed molecules of oxygen is con- 
firmed. ^Donnelly, J. Chem. Soc., 1929, 2438-44; Brit. Chem. Abst., 1930, 42A.] 
When a surface of metallic silver is brought into contact with gaseous oxygen in sufficient 
quantity to form more than a complete unimolecular layer of oxide, it becomes coated 
almost immediately with a film of oxide. This oxide, formed at a low temperature, is a 
much more effective catalyst than that formed at a high temperature and is also more 
easily reduced by hydrogen. There appear therefore to be two forms of silver oxide, 
and it is assumed that in the active film, formed at a low temperature, some of the silver 
oxide molecules are in relatively unstable positions, but that on raising the temperature 
the arrangement becomes more stable and the film in consequence less active chemically. 
^Chapman and Hall, Proc. Roy. Soc., 1929, A, 124, 478-93; Brit. Chem. Abst., 1929, 
1020A.] 

6306. Adsorption on Platinum. Measurements of adsorption of fumaric, maleic, 
succinic, itaconic, mesaconic, and citraconic acids on platinum-black show that the 
solubility of these acids in a given solvent plays only a secondary part in their adsorp- 
tion, which is determined primarily by their structure. The adsorption is increased by 
the presence of an ethylenic linking, except in the cases of fumaric and maleic acids in 
ethereal solution. In the case of isomeric acids, the more readily reducible cis-isomeride 
is more strongly adsorbed than is the frans-isomeride. CPlatanov, J. Russ. Phys. 
Chem. Soc., 1929, 61, 1056-64; Brit. Chem. Abst., 1930, 28A.] In the reaction between 
carbon dioxide and hydrogen on the surface of platinum, Srikantan has found that the 
reaction starts with a high velocity, but this falls rapidly to a low and steady value, 
owing to the poisoning of the more active centers on the surface by the carbon monoxide 
that is formed. Comparative experiments with platinum wire scratched with emery 
show that a rough surface is more active than a smooth or sintered one. U. Indian 
Chem. Soc., 1929, 6, 931-47; Brit. Chem. Abst., 1930, 551A.] The active catalyst in the 
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reaction between carbon dioxide and hydrogen on a platinum wire coated with barium 
oxide is a complex of barium oxide and barium carbonate. The reaction is unimolecular. 
Carbon dioxide is readily adsorbed by the surface, and the rate of reaction rises with 
the carbon dioxide present up to a partial pressure of 300 mm., whereas excess hydrogen 
diminishes the rate of reaction. CSrikantan, J. Indian Chem. Soc., 1929, 6, 930—67; 
Bril. Chem. Abst., 1930, 551A.3 The decomposition of formic acid into carbon dioxide 
and hydrogen at 100° C. in presence of salts of osmium, platinum, iridium, rhodium 
and palladium is preceded by a reduction of the noble metal salt to metal. The cata- 
lytic decomposition is due to adsorption of hydrogen by the metals. CM Oiler and 
Loerpabel, Monatsh ., 1929, 63 and 54, 826-51; Chem. Abst., 1930, 290.3 

6307. Reduction of Metal Oxides by Hydrogen. Taylor and Starkweather have 
investigated the rate of reduction of iron, copper, zinc and nickel at temperatures below 
500° by measuring the volume of hydrogen consumed. Ferric oxide gel is reduced to 
ferroso-ferric oxide at 350° and to metallic iron at 450°. Ignited ferric oxide is not 
reduced at an appreciable rate at 350° but goes to metal at 450°. Foreign metal inter- 
faces with iron oxide accelerate the reduction to iron. £G- B. Taylor and Starkweather, 
J. Am. Chem. Soc., 1930, 62, 2314-25.3 In order to determine the lowest temperatures 
at which oxides show reduction, dry electrolytic hydrogen was passed over a known 
amount of oxide heated at a known temperature. The loss in weight of the oxide was 
measured, and the water formed was also absorbed and weighed. Appreciable reduction 
is noticed first at 140°-1° with cupric oxide, 310° with zinc oxide, 185° with litharge, 
280° with cadmium oxide and 185° with arsenious oxide. £St. John, J. Phys. Chem., 
1929, 33, 1438-40; Chem. Abst., 1930, 2365.3 

6308. Contact Isomerization. Certain cases have been noted of isomerization of 
organic compounds induced by contact with a catalyst and in the presence or 
absence of hydrogen. For example, spirocyclodec&ne is isomerized in presence of plat- 
inized charcoal and hydrogen at 190° to a compound , CioHig. Isomerization occurs 
more slowly in an atmosphere of carbon dioxide. The isomer does not become dehydro- 
genated in presence of palladized asbestos or platinized charcoal at 300°. CZelinski 
and Schuikin, Ber., 1929, 62B, 2180; Brit. Chem. Abst., 1929, 1287A.3 Platinov has 
found that maleic acid is partially converted into fumaric acid by adsorption on plati- 
num-black. This is also true of other cia-Jrarw-isomerides. £J. Russ. Phys. Chem. Soc., 
1929, 61, 1055-64; Bril. Chem. Abst., 1930, 28A.3 Treatment of an alcoholic solution 
of AMetrahydroanthraquinone with colloidal palladium in the absence of air, causes 
migration of the 5-atoms to the carbonyl group, with formation of 9, 10-dihydroxy-l, 4- 
dihydroanthracene. ^Diels, Alder and Stein, Ber., 1929, 62B, 2337; Brit. Chem. Abst., 
1929, 1303A.3 The shifting of the double bond in an aliphatic compound from the 
end carbon atom has been effected at a relatively low temperature without pressure. 
2, 6-Dimethyl-7-octene slowly passed (2 drops per minute) in a slow current of carbon 
dioxide over palladium-asbestos at 200° is completely changed into 2,6-dimethyl-6-octene 
(dihydrobupleurolene). CZelinski and Levina, Ber., 1929, 62B, 1861-3; Chem. Abst., 

1929, 5466.3 When catalytically reduced under the influence of finely divided nickel, 
cyc/oheptene undergoes rearrangment, methylcyctohexane being obtained. ptozanov, 
J. Russ. Phys. Chem. Soc., 1929, 61, 2313-8; Brit. Chem. Abst., 1930, 602A.3 The 
products obtained by passing the vapors of carane, cycZofenchene and tricyclene, mixed 
with hydrogen, over platinum catalyst at a temperature of 160° and at atmospheric 
pressure have been identified and found to be the result of the breaking of one of the 
rings of the original compound. A similar study has been made of the breaking of the 
rings and the formation of double bonds when carane, thujane,pinane,fenchane, wo-borny- 
lane and cycJofenchene are mixed with carbon dioxide and passed over platinum catalyst 
at temperatures of 300° to 360° at atmospheric pressure. Pinane yields p-cymene. 
CZelinski and Levina, Ann., 1929, 476, 60-70.3 During hydrogenation of nopinene 
with excess hydrogen there is isomerization of 0- to a-pinene and production of p-cymene. 
CLipp and Witgert, Ber., 1930, 63B, 411-6; Brit. Chem. Abst., 1930, 610A; Chem. Abst., 

1930, 3002.3 
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6309. Noble-Metal Catalysts. According to Pennycuick £Kolloid-Z., 1929, 49, 
407-12; Chem. Abst., 1930, 1009] part of the surface of colloidal platinum particles is 
probably platinic acid, the hydrogen ion of which is exchangeable for the cations of 
added salts. The surface ionization stabilizes the particle and gives it its negative 
charge. Part of the surface also contains a weakly acidic oxide of platinum which is 
converted by bases into an ionizing salt. This accounts for the protective action of 
univalent bases on colloidal platinum and for the repeptization of the coagulum by such 
bases. A platinum-iridium alloy containing 30 per cent iridium is catalytically the 
most active of these alloys for the carbon dioxide-hydrogen reaction, but the activity 
cannot be correlated with the composition because a 5 per cent alloy is more active than 
either a 10 or 15 per cent alloy. CSrikantan, J. Indian Chem. Soc ., 1929, 6, 949-58; 
Bril. Chem. Abet., 1930, 551A.] G. B. Taylor, Kistiakowsky, and Perry have shown 
that in a scries of platinum-black catalysts, the preparations possessing the smaller ulti- 
mate particle size show greater catalytic activity. [J. Phys. Chem., 1930, 34, 748-52; 
Bril. Chem. Abet., 1930, 552 A.; Chem. Abst., 1930, 2663.] Vrabely C Magyar Chem. 
Folydirat , 1929, 35, 28-32, 38-43; Chem. Abst., 1929, 5398], gives a summary of the lit- 
erature and a critical description of methods of catalytic hydrogenation, i.e., reduction 
with platinum black and hydrogen. Bourguel and Gredy postulate the preliminary 
formation of a complex, Pd*H,, when colloidal palladium is used. They consider this 
complex as the actual catalzying agent. £Compt. rend., 1929, 189, 909-11; Brit. Chem. 
Abst., 1930, 171 A.] Absorption of hydrogen by aqueous solutions of permanganate is 
considerably accelerated in presence of silver salts. £Hein and Daniel, Z. arurrg. Chem., 
1929, 181, 78-82; Brit. Chem. Abst., 1929, 1020A.] X-ray investigation of palladium- 
silver-hydrogen alloy. COsawa, J. Study Met., 1928, 5, 443-54; Brit. Chem. Abst., 1929, 
1374A.] Osmium as hydrogenation catalyst. CZelinski and Turova-Pollak, Ber., 1929, 
62B, 2865-9; Brit. Chem. Abst., 1930, 77A.] 

6310. Catalyst Supports. Holmes and Williams have described a method for the 
uniform distribution of catalysts throughout porous solids. Porous silica gel was 
soaked in a salt solution, and dried. A water-soluble gas was then admitted to the gel, 
which was later immersed in water to allow the salt and the gas to react within the 
capillary pores. Pairs used were: silver nitrate and hydrogen sulphide; ferric chloride 
and ammonia. Platinum and palladium were deposited similarly. C Colloid Symposium 
Monograph , 1928, 6, 283-5; Chem. Abst., 1929, 3844.] Impregnating porous gels with 
metals or other insoluble material. ^Holmes, U. S. Pats. 1,739,306 and -7, Dec. 10, 
1929; Chem. Abst., 1930, 931.] Catalytic reactions with suspended catalysts, such as 
pulverized silica gel carrying active material. CBrit. Pat. 304,269, July 12, 1927, Silica 
Gel Corp.; Chem. Abst., 1929, 4756.] Catalytic hydrogenation of organic compounds 
with the aid of a silicious or non-silicious base-exchange material carrying the effective 
catalyst. CJaeger, Brit. Pat. 306,803, Feb. 25, 1928, to Selden Co.; Brit. Chem. Abst., 
1929, 806B; Chem. Abst., 1929, 5192.] Catalyst masses are prepared by using a granu- 
lated carrier, for example, magnesia or lime, as a precipitant for the oxide or hydroxide 
of the catalyst metal. CBrit. Pat. 305,198, Dec. 3, 1928, to Holzverkohlungs-Ind. A.-G.; 
Brit. Chem. Abst., 1930, 452B. See also French Pat. 667,784, Jan. 19, 1929; Chem. 
Abst., 1930, 1118.] Catalysts such as chromium oxide, molybdic acid or tungstic 
acid or sulphides, carbides, or solid metalloids, arc converted into a stable, coherent 
form by adding a small quantity of metals of the second or third groups such as 
zinc, aluminum, beryllium, cadmium, or the earth metals, or their alloys or carbides. 
Cl. G. Farbcnind. A.-G., Brit. Pat. 326,580, Dec. 24, 1928; Chem. Age (London), 1930, 
468; Brit. Chem. Abst., 1930, 493B.] 

6311. Activity of Catalyst Carriers. Adadurov and Brodovitsch [^Ukraine Chem. J., 
1929, 4, 123-127; Brit. Chem. Abst., 1929, 1245A] have investigated a number of sub- 
stances used as to their own catalytic effect. Asbestos had a catalytic effect of 47 per 
cent, silica gel precipitated by nickelous chloride had an activity of 67 per cent, the 
substance precipitated by ferrous chloride 64 per cent, while refractory material itself 
had an activity of 73 per cent. When moistened with a mixture of 3 volumes of alum- 
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inum sulphate find 1 volume of chromium sulphate it had an activity of between 
91.4 per cent and 100 per cent. Experiment* on the hydrogenation of fumaric acid 
with palladium supported on blood charcoal, sugar charcoal and barium sulphate indi- 
cate that the support affects the activity of the catalyst. Of the supports tested, blood 
charcoal proved the most effective. CSabalitschka and Zimmermann, Bex., 1930, 63B, 
375-80; Chem. Abst., 1930, 2367.] 

6312. Metallic NickeL The conditions of formation and properties of very thin 
electrolytic nickel deposits have been determined by Oesterle HZ. Elektrochem ., 1929, 36, 
505-19; Chem. Abst., 1929, 5391.] Films of nickel deposited on rock salt by sputtering 
show a hexagonal structure on removal from the rock salt and examination by cathode 
ray diffraction. ^Thomson, Nature, 1929, 123, 912; Chem. Abst., 1929, 4386.] Gas 
content, crystal structure, and hydrogen absorption of sputtered nickel films. Clnger- 
soll and Hanawalt, Phys. Rev., 1929, ii, 34, 972-7; Brit. Chem. Abst., 1929, 1368A.] 
The lattice structure of nickel. CValentiner and Becker, Naturwissenschaften, 1929, 17, 
639-40; Chem. Abst., 1929, 5369.] The permeability of hot nickel to hydrogen. 
CHendricks and Ralston, J . Am. Chem. Sac., 1929, 61, 3278.] 

6313. Nickel Catalysts. K usama and Uno have prepared a basic carbonate from 
nickel chloride and sodium carbonate. The reduced nickel is found to have the same 
catalytic effect as a catalyst prepared from nickel nitrate. HBull. Inst. Phys. Chem. 
Research (Japan), 1929, 8, 461-6; Chem. Abst., 1929, 4616.] Weinberg describes the 
purification of solutions of nickel sulphate. CJ/astoboino Zhirov. Dido, 1928, 3, 13-6; 
Chim. el ind., 22, 560-1; Chem. Abst., 1930, 692.] Finely divided nickel is obtained by 
precipitating nickel hydroxide from a nickel salt under conditions such that the whole 
of the nickel is precipitated, and reducing the hydroxide. £Brit. Pat. 314,944, July 5, 
1928, to N. V. de Bataafsche Petroleum Maatachappij, Chem. Abst., 1930, 1476.] Finely 
divided copper, nickel, or cobalt is obtained by reducing the corresponding carbonate 
or hydroxide precipitated on kieselguhr. CBrit. Pat. 293,749, June 28, 1928, to the I. G., 
Brit. Chem. Abst., 1929, 82 IB.] Weichself elder and Kossodo describe the preparation 
of nickel hydride. HBer., 1929, 62B, 769-71; Chem. Abst., 1929, 4632.] Nickel car- 
bide has been proposed as a catalyst. CH. A. Bahr and T. Bahr, Ber ., 1930, 63B, 99-102 ; 
Brit. Chem. Abst., 1930, 309A.] Molten material such as an alloy of iron, nickel and 
cobalt is cast in water to solidify it and produce a fine-grained crystalline strycture ; the 
resulting product is then reduced to finely divided condition. [^Harris, to Bell Tele- 
phone Laboratories, Inc., U. S. Pat. 1,739,068, Dec. 10, 1929; Chem. Abst., 1930, 820.] 
Martini, Mikrochem., 1929, 7, 235, reports the natural occurrence of nickel in bones. 
Bertrand and Mokragnatz describe the distribution of nickel and cobalt in plants. 
They suggest that these metals may act as catalysts in vegetable cells. HBull. Soc. 
Chem., 1930, iv, 47, 326-31; Brit. Chem. Abst., 1930, 823A.] Rosenthaler states that 
nickel occurs in minute quantities in a relatively large number of drugs. HP harm. 
Zentralhalle, 1930, 71, 241-2; Chem. Abst., 1930, 3321.] The action of nickel on hydro- 
carbons, halogenated in the side chain, is similar to that of copper, but a higher tem- 
perature is required. Nickel cyanide can replace cuprous cyanide in catalytic reactions 
between aromatic hydrocarbons and potassium cyanide. Nickel can also serve as a 
catalyst in the bromination of benzene, nitrobenzene and naphthalene in the same way 
that iron is used. [TCorczynski, Reinholz and Schmidt, Roczniki Chem., 9, 731-40, 
1929; Chem. Abst., 1930, 1818.] Reactivated nickel does not lose its activity when 
kept in contact with air for one month, provided it is treated with carbon dioxide directly 
after exposure to hydrogen. £Bag, Masloboino-Zhirovoe Delo , 1928, No. 5, 6; Chem. 
Abst., 1929, 4839.] Kazamovski gives a survey of some methods for the regeneration 
of nickel from nickel catalysts freed from oil by means of extraction or saponification. 
HIbid., 1928, No. 1, 12-4; Chem. Zentr., 1929, II, 2417; Chem. Abst., 1929, 4839.] Kal- 
yuzhin reviews the losses of nickel in hydrogenation plants and considers means of mini- 
mizing them. C Ibid., 1929, 46, 10-3; Chem. Abst., 1930, 2625.] 

6314. Metal Carbonyls. The best results in the preparation of nickel carbonyl 
depend upon having very finely divided nickel. Traces of air hinder the formation of 
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carbonyl. Increase of pressure favors the production of iron pentacarbonyl, Fe(CO)§. 
By subjecting iron pentacarbonyl to the action of light of short wave length a diferro- 
nonacarbonyl, Fe a (CO)t, results, which can be converted back to the pentacarbonyl 
by heating. Cobalt carbonyl, Co(CO)i, requires pressures of at least 30-40 atmospheres 
for its formation. By heating above the melting point a tricarbonyl, Co(CO) *, is produced. 
Molybdenum carbonyl, Mo*(CO) a e, is not formed at pressures less than 150 atmospheres. 
A chief difficulty is to get the molybdenum into an active form. The insolubility of the 
carbonyl in most organic solvents distinguishes it from the other carbonyls. Chromium 
carbonyl, Cr(CO)#, could not be isolated. CMond, Chim. el ind., Apr.-May, 1929; 
Brenn.-Chem., 1929, 352.] By the action of xylene solutions of nickel carbonyl on 
organic compounds containing a labile halogen atom substances of high melting point 
are produced. The nickel of the carbonyl molecule is probably substituted by an 
organic group. CGallas and Alonso, Anal. Fis. Quim., 1929, 27, 663-667; Bril. Chem. 
Abel., 1930, 80A.] In effecting reaction between cobalt and carbon monoxide, oxidiz- 
ing agents such as oxygen, carbon dioxide or water vapor are excluded both from the 
reducing gas used in preparing the metal and from the carbon monoxide. Cl. G. Far- 
benind. A.-G., Brit. Pat. 307,112, Dec. 3, 1927; Chem. Abst., 1929, 5281.] Cobalt 
carbonyl obtained by the action of carbon monoxide under pressure on cobalt is sepa- 
rated from the reaction gases by cooling before expansion. CB-A.S-F., French Pat. 
33,951, Aug. 1, 1927; Chem. Abst., 1929, 4783.] The hydrogen and carbon monoxide 
content of some metals melted in a vacuum. CVillachon and Chaudron, Campt. rend., 
1929, 189, 524-6; Chem. Abst., 1929, 5073.] Nickel carbonyl and acetyl chloride. 
CReihlen, Gruhl and von Hessling, Ann., 1929, 472, 268; Chem. Abst., 1929, 4674.] 
Mond gives a very complete account of the metal carbonyls. £7. Soc. Chem. Ind., 1930, 
271T.] 

6315. Manufacture of Metal Carbonyls. In order to prepare metals in the most 
suitable condition for production of metal carbonyls, metal oxides such as roasted 
pyrites or oxidic ores, are reduced by heating above 500° in the presence of hydrogen, 
carbon monoxide, hydrocarbons, etc., and, to prevent sintering, the metals, as soon as 
reduction is complete, are cooled rapidly in a non-carbonizing atmosphere preferably 
consisting of or containing hydrogen. CBrit. p a t. 424,382, Sept. 12, 1928, to I. G. 
Farbenind. A.-G.; Brit. Chem. Abet., 1930, 289B.] Sintering of the metals during 
reduction may also be prevented by the presence of oxides, nitrates, carbonates, sul- 
phates, sulphides, acetates, etc., of alkali, alkaline earth or earth metals, or the residues 
left in the reduced metal when the reduction is effected with lignite, semi-coke, oil shale, 
asphalt, and pitchlike residues. CL G. Farbenind. A.-G., Brit. Pat. 323,021, Aug. 18, 
1928; Chem. Age (London), 1930, 181; Chem. Abst., 1930, 2841. See also French Pat. 
674,216, May 2, 1929; Chem. Abst., 1930, 2841.] Better yields are obtained when the 
materials which are to be treated with carbon monoxide are subjected to preliminary 
repeated oxidation and reduction. CGer. Pat. 490,415, May 15, 1927, to the I. G., 
Schlecht and Kennecke, inventors; Chem. Abst., 1930, 2250.] The easily fusible or 
slag-forming substances are removed from the ores prior to conversion by carbon 
monoxide. £Brit. p a t. 312,629, May 29, 1928, to the I. G.; Chem. Abst., 1930, 925.] 
Carbon monoxide is allowed to act on metals suspended in a liquid or melt. Suitable 
liquids are hydrocarbons or the metal carbonyls themselves. [[Brit. Pat. 323,332, Nov. 
30, 1928, to the I. G.; Bril. Chem. Abst., 1930, 189B.] Carbon disulphide or a sulphide 
of an alkali or alkaline-earth metal may be added to prevent decomposition of the 
carbon monoxide. CBrit. Pat. 327,956, Dec. 14, 1928, to the I. G.; Chem. Age (Lon- 
don), 1930, 581; Bril. Chem. Abst., 1930, 612B.] 

6316. Iron CarbonyL The original Mond and Langer process of making iron car- 
bonyl was very tedious and gave a yield of about 1 per cent, calculated upon the iron 
used. A recent I. G. Farbenind. A.-G. process uses iron ore and carbon monoxide from 
producer gas or water-gas, with at least 5 per cent hydrogen present, with temperatures 
near 500° and pressure near 200 atmospheres. It has not been possible to make the 
process continuous, but the gas is circulated until its carbon monoxide content is less 
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than 10 per cent. The iron carbonyl formed may be converted into metallic iron or 
oxide of great purity, suitable for use as catalyst. CPincass, Chem.-Ztg., 1929, 53. 
525-6; Chem. Abst., 1929, 4538.] Iron carbonyl is prepared by leading carbon monoxide 
over iron at ordinary or slightly raised pressure, and temperatures of 15°— 100°. The 
velocity of the carbon monoxide stream is increased so as to lead off the iron caxbonyL 
CL G. Farbenind. A.-G., Mittasch, Muller and Schlecht, inventors, Ger. Pat. 485,886, 
Mar. 31, 1925; addn. to 447,130; Chem. Abst., 1930, 1187.] Technical iron carbonyl 
is purified by distillation in the presence of one or more liquids which boil below 100®, 
such as benzol, alcohols and ketones. CGer. p a t. 491,855, Nov. 10, 1925, to Cbem. 
Fab. von Heyden A.-G.; Buchheim, inventor; Chem. Abst., 1930, 2555] Coal gas. 
stored at 50 to 80 atmospheres, has been found after 30 years to contain considerable 
quantities of iron pentacarbonyl. A steel cylinder was used. [Triend and Vallanoe, 
J. Chem. Soc., 1930, 718-20; Brit. Chem. Abst., 1930, 724A.] Hieber, Sonnekalb and 
Becker have prepared compounds of iron pentacarbonyl and various organic bases. 
££er., 1930, 63B, 973-86; Brit. Chem. Abst., 1930, 723 A.] The method of preparation 
of iron carbonyls containing pyridine is to be stricken from the literature, since it is 
based upon an incorrect gas analysis. [[Hieber and Sonnekalb, Ber., 1929, 62B, 422; 
Chem. Abst., 1929, 4449.] The reaction of carbon monoxide on iron is accelerated by 
the presence of metallic copper. Copper oxide may be added to iron oxide before its 
reduction to iron. CVereinigte Stahlwerke Akt.-Ges., Brit. Pat. 319,356, Sept. 21, 1928; 
Chem. Age (London), 1929, 533.] Reaction of iron carbonyl on mercaptans and also 
on acetyl acetone while exposed to ultraviolet rays. fReihlen, Gruhl and von Hessling, 
Ann, 1929, 472, 268; Chem. Abst., 1929, 4674.] Iron carbonyl is removed from the 
gases used in the methanol synthesis by passing them through a layer of active carbon. 
□Pier, Muller-Cunradi, Wietzel and Winkler, U. S. Pat. 1,766,763, June 24, 1930, to 
the I. G.] The photochemical decomposition of iron carbonyl. PEyber, Z. physikal. 
Chem., 1929, 144, 1-21; Brit. Chem. Abst., 1929, 1248A.] The vapor pressure and 
heat of vaporization of iron pentacarbonyl. [Trautz an d Badsttibner, Z. Elektrochem^ 
1929, 35, 799-802; Brit. Chem. Abst., 1929, 1372A.] The interaction of nitric oxide 
and iron pentacarbonyl at room temperature in the presence of methanol results in the 
formation of a methanol compound of iron nitrosyl. [[Manchot and Gall, Ann., 1929. 
470, 271-4; Chem. Abst., 1929, 3870.] Finzel outlines the best methods for preparing 
pyrophoric iron. £*/. Am. Chem. Soc., 1930, 62, 142-9; Chem. Abst., 1930, 1275.] 

6317. Iron Carbonyl in Motor Fuels. Among the substances which have been 
tested as anti-knocks, only lead tetraethyl and iron carbonyl appear to have found 
commercial application; the latter seems to be restricted to Germany, as “ motyl ,f 
dope and “ motalin ” petrol, and it has the disadvantage that a deposit of iron oxide 
on the spark plugs causes short-circuiting. Nickel carbonyl and thallium oleate 
each have practical disadvantages, iodine compounds are costly, while aniline and its 
derivatives are responsible for gumming. Soc. Chem. Ind., 1930, 90.] It is recom- 
mended to use in conjunction with iron carbonyl one or more organic compounds of 
metals or metalloids such as boron, silicon, phosphorus, etc., which are soluble in the 
liquid. This prevents deposition of iron oxide in the motor. CL G. Farbenind. A.-G., 
Brit. Pat. 252,018; April 7, 1927.] Various organic compounds containing oxygen or 
nitrogen which are benzine-soluble may also be used in a liquid fuel that contains more 
than 0.2 gram iron carbonyl per gallon, in order to improve the anti-knock qualities 
imparted by the iron carbonyl and prevent oxide deposition in the motor. CL G. 
Farbenind. A.-G., Brit. Pat. 252,019; March 17, 1927.] Iron carbonyl may be used in 
conjunction with an organic halogen compound such as a halomethane or halobenioL 
CGer. Pat. 491,431, April 5, 1925, to the I. G., addn. to 448,620; Chem . Abst., 1990, 
2285.] Iron carbonyl also may be used along with lead tetraethyl or nickel carbon vl. 
CHurley, Brit. Pat. 315,706, July 16, 1928; Chem. Abst., 1930, 1735.] 

6318. Uses of Metal Carbonyls, Hydrocarbons, mainly liquid, are produced by the 
thermal decomposition of metal carbonyls in the presence of hydrogen. CL G. Farben- 
ind. A.-G., Ger. Pat. 487,379, May 11, 1926, Muller, Schlecht and Schubardt, inventors; 
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Chcm. Abst., 1930, 2139.] Metallic deposits are produced from carbonyls by introducing 
them into a vessel in which the article to be coated is maintained at a temperature above 
that of the decomposition of the carbonyl. If the deposit is made on a soluble substance, 
such as a large crystal of sylvine, a thin transparent film of the metal is obtained by 
subsequent dissolution of this substance. CBrit. Pat. 324,363, Oct. 12, 1928, to I. G. 
Farbenind. A.-G.; Brit. Chem. Abst ., 1930, 289B.] Finely divided iron produced by 
the thermal decomposition of iron carbonyl is formed into magnet cores by molding 
under pressure with a binder consisting of a urea-formaldehyde resin. QBrit. Pat. 
319,854, July 14, 1928, to I. G. Farbenind. A.-G.; Chem. Abst., 1930, 2847.] Montan 
wax or conversion products of the wax may also be used as a binder. CBrit. Pat. 
320,016, Chem. Abst., 1930, 2847.] Metal powders may be mixed with pitches and 
asphalts to form magnet cores. A soft coumaron resin may be added to the pitch if 
desired. CBrit. Pat. 320,611, July 14, 1928; Chem. Abst., 1930, 2847.] Wittek recom- 
mends the use of metal carbonyls or their metallic decomposition products as plant 
stimulants. They may be applied to the soil or to seeds, and may also be used alone or 
mixed with fertilizers. £Ger. Pat. 493,367, Nov. 24, 1928; Chem. Abst., 1930, 2827.] 
Insulating masses are produced by passing jets of iron or nickel carbonyl into melted 
paraffin. The carbonyl is decomposed and finely divided metal remains suspended in 
the paraffin. CSiemens 4 Halske A.-G., Brit. Pat. 306,900, Feb. 19, 1928; Brit. Chem. 
Abst., 1930, 429B; Chem. Abst., 1929, 5254.] Organic insulators such as those used 
for condenser foils, which are unstable at slightly raised temperatures, are coated with 
metal by deposition from the vapor of iron or nickel carbonyl. CSiemens 4 Halske 
A.-G., Brit. Pat. 306,902, Feb. 27, 1928; Chem. Abst., 1929, 5255.] 

6319. Dehydrogenation. Zelinski and Balandin C Bull. acad. sci. union rep. sov. 
social., Classe sci. phys.^math., 1929, 29-52; Chem. Abst., 1930, 774] have made a 
quantitative study of the catalytic dehydrogenation of decahydronaphthalene : 
CioIIis =» CjoHs + 5Hi. Platinized active charcoal is three and one-half times as 
effective in this catalysis as platinum deposited on asbestos. Arrhenius’ formula, 
k = hoe “ Q/RT , applies up to 270°. Above 270° the catalyzing surface begins to destroy 
decahydronaphthalene and, on becoming covered with a thin film of the decomposition 
products, gradually loses its activity. ay-Diphenylpropane is unchanged by passage 
over platinized charcoal at 300°-310° in an atmosphere of carbon dioxide. Stilbene 
at 300° affords phenanthrene quantitatively. Hydrindane gives a mixture of unchanged 
material and hydrindene. a /3-DicycJohexylcthane is dehydrogenated successively to 
dibenzyl, 9 : 10-dihydrophenanthrene, and phenanthrene. CZ^elinaki and Titz, Ber., 
1929, 62B, 2869-2873; Brit. Chem. Abst., 1930, 80A.] Mixtures of basic and acidic 
oxides (with the latter in excess) are used for dehydrogenation, prepared by igniting 
compounds such as basic zinc ammonium chromate, with or without small additions of 
alkali metal compounds. ^Lazier and Zeisberg (to E. I. DuPont de Nemours 4 Co.), 
Brit. Pat. 313,093, June 6, 1928; Chem. Abst., 1930, 860.] Dehydrogenation reactions 
such as the conversion of ethyl alcohol into ethyl acetate are effected at high temper- 
atures and pressures with a catalyst comprising copper and one or more difficultly 
reducible oxides such as those of metals of the second group. [Tazier (to E. I. DuPont 
de Nemours 4 Co.), Brit. Pat. 312,345, May 26, 1928; Chem. Abst., 1930, 862.] 

6320. Exchange Hydrogenation. By treating a compound which is capable of split- 
ting off hydrogen with one capable of easy reduction, in presence of an activating agent 
(palladium-black), transference of hydrogen takes place from the former to the latter. 
Cinnamic acid, oleic acid, eugcnol, and coumarm when heated with tetrahydronaphtha- 
lene and palladium give good yields of hydrocinnamic acid, stearic acid, hydroeugenol, 
and hydrocoumarin, respectively. A mixture of tetrahydroquinoline (1 mol) and 
maleic acid (2 mols) is converted quantitatively into quinoline and succinic acid. 
Piperidine is not reduced by maleic acid and palladium but gives an almost theoretical 
yield of pyridine with safrole and palladium. Tetrahydroisoquinoline is, and tetra- 
hydropapaverine is not, reduced by anethole and palladium; nicotine gives small quan- 
tities of nicotyrine with these reagents. CAkabori and Suzuki, Proc. Imp. Acad. Tokyo , 
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1929, 5, 255-6; Brit. Chem. Abst ., 1929, 1170A.] A 11 more or less completely hydro- 
genated compound ” is caused to react with a compound capable of taking up hydrogen, 
in the presence of a hydrogenation catalyst or catalyst mixture. Cyclohexanone is 
formed from cydohexanol and phenol. Camphor is formed from wobomeol and phenol, 
or from wobomeol and carbon monoxide under pressure. CSchering-Kahlbaum A.-G., 
Brit. Pat. 310,055, April 21, 1928; Chem. Abst., 1930, 625. See also French Pat. 
672,780, April 6, 1929.] 

6321. Competitive Hydrogenation. The factors determining the distribution of 
hydrogen by platinum between two competing reactants bear little relationship to those 
factors which determine the amount of material reacting in unit time. The addition of 
zinc and nickel acetates retards the rate of reduction but does not modify the distribu- 
tion of hydrogen. It seems that the salts poison the catalyst for the reaction of the 
two unsaturated compounds to an equal extent, presumably through adsorption in 
certain areas of the catalyst. It may be suspected that in addition to this the solvent 
plays a part in the rate of formation and the stability of an intermediate compound of 
platinum-hydrogen-reactant-solvent. The relative ease of reduction of two substances 
in a mixture may not be certainly determined even qualitatively by determining the 
rates of reduction of the two substances separately. CAdkins, Diwoky and Broderick, 
J. Am. Chem. Soc., 1929, 51, 3418-23; Chem. Abst., 1930, 94.] 

6322. Hydrogenation in Analysis. The catalytic hydrogenation of mixtures of 
pinene and dipen tene proved to be a satisfactory method of determining the proportion 
of the two constituents. Pinene absorbs one mole of hydrogen, dipen tene two; the 
two compounds are isomeric; therefore the composition of a mixture may be calculated 
from the amount of hydrogen absorbed by a given weight of material. CConant and 
Carlson, J. Amer. Chem. Soc., 1929, 3465.] The hydrogenation of supposedly pure cyclo- 
hexene yielded some water, thus showing the presence of an impurity containing oxygen. 
^Waterman and van Westen, Rec. trov. chim., 1929, 48, 637-9; Chem. Abst., 1929, 4455.] 
Shaefer describes a simple and accurate method for quantitative hydrogenation at 
ordinary temperature and atmospheric pressure with palladium as a catalyst. The 
method was used in the hydrogenation of maleic acid, a-terpineol, abietic acid and ethyl 
abietate. It is stated that the method should prove of value in the study of pure com- 
pounds of unknown constitution. C/nd. and Eng. Chem., Analyt. Edit., 1930, 2, 115.] 
Opotzki £«/. Chem. Ind. (Russia), 1929, 6, 532-3; Chem. Abst., 1930, 803] gives a review 
of ter Meulen’s work on the determination of oxygen, nitrogen, sulphur, chlorine, 
bromine, arsenic and mercury in organic compounds by hydrogenation. When the 
quantity of halogen fixed by the action of halogenating reagents on ethylene compounds 
is less than the theoretical iodine number, Cerdeiras suggests that it should be compared 
with the hydrogen value. [.Anales soc. espan, fls quim., 1930, 28, 56-62; Chem. Abst., 
1930, 2000.] “Subsidiary odors” are destroyed by selective hydrogenation of impurities 
present in resins, balsams, essential oils or synthetic products such as ionone or methyl 
ionone. Cl- G. Farbenind. A.-G., Brit. Pat. 305,555, Oct. 29, 1927; Chem. Abst., 1929, 
4778.] Hydrogenation is sometimes an aid in the identification of organic substances. 
For example, Walbaum and Rosenthal C Ber. Schimmel, 1929, 209-218; Brit. Chem. 
Abst., 1929, 1049B], obtained an oil from the French violet which by fractional distilla- 
tion yielded an aldehyde and this was oxidized to the corresponding acid and then 
converted into the methyl ester. When the latter compound was reduced by palladium 
and hydrogen, with the resulting addition of 4 atoms of hydrogen, methyl nonoate was 
produced. Analysis of d-0-octyl p-dimcthylaminobcnzoate has been effected by ter 
Meulen’s method, nickel being used as the catalyst. CRule, Miles and MacGillivray, 
J. Chem. Soc., 1929, 2279.] A method for the determination of the hydrogen value of 
unsaturated compounds is described by Waterman, Perquin and van Westen. Hydro- 
genation is performed in the presence of a catalyst, and the volume of gas absorbed is 
measured directly. C^- Soc. Chem. Ind., 1928, 47, 363-5T; Chem. Abst., 1929, 5079.] 
Preparation of substances showing a theoretical hydrogen value: amylene C Waterman, 
van’t Spijker and van Westen, Rec. trav. chim., 1929, 48, 612-5; Chem. Abet., 1929, 
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4439], hexadecene ZIdem , ibid., 1103-11; Chem. Abat ., 1930, 823], decylene [[/dem, 
ibid., 1097-102; Chem. Abat., 1930, 823], pinene [[/dem, ibid., 1191-8; Chem. Abat., 
1930, 824], isoprene [[Waterman and van Wes ten, ibid., 1084-0; Chem. Abat., 1930, 824.] 

6323. Hydrocarbons. Heated to 1000°-1100° C. for one-fifth to one-twentieth of a 
second, methane gives benzene and other aromatic hydrocarbons. Hydrogen is also 
formed and may be reconverted to methane by reaction with carbon monoxide or 
dioxide, using a nickel catalyst. CFischer and Pichler, Brit. Pat. 316,126, July 23, 1928; 
Chem. Age (London), 1929, 294; Chem. Abst., 1930, 1649.] Aromatic hydrocarbons are 
obtained by passing methane or ethane together with unsaturated hydrocarbons over 
catalysts. [[Brit. Pat. 311,899, April 10, 1928; Chem. Abat., 1930, 860.] Hydrogen is 
removed from the residual gases by passing them over cupric oxide, by diffusion, or by 
treatment with carbon monoxide and nickel. [[Wheeler, Brit. Pat. 324,939, Sept. 3, 
1928, to Imperial Chem. Industries, Ltd.; Brit. Chem. Abat., 1930, 406B.] To produce 
acetylene and hydrogen from saturated hydrocarbons, the gases are passed through 
several arcs. £1. G. Farbenind. A.-G., French Pat. 674,459, May 2, 1929; Chem. Abat., 
1930, 2385.] Taylor and Hill [[/. Amer. Chem. Soc., 1929, 51, 2922-36] have made a 
study of the reaction between hydrogen and ethylene under the influence of excited 
mercury atoms and with varying conditions of pressure, concentration and temperature. 
Pease has studied the non-catalytic polymerization and hydrogenation of pure ethylene. 
ZJ . Amer. Chem. Soc., 1930, 62, 1158-64; Brit. Chem. Abat., 1930, 709A.] The action 
of hydrogen on organo-metallic lead compounds such as lead tetraphenyl, tetraethyl, 
and tetramethyl results in irreversible displacement of the metal and production of 
a hydrocarbon according to the equation: Pblt 4 + 2Hj =* Pb + 4RH. [[Ipatiev, 
Razubaiev and Bogdanov, Ber., 1930, 63B, 335-42; Brit. Chem. Abat., 1930, 463A.] 
The thermal decomposition of mercury diethyl in a mixture of ethylene and hydrogen 
has been found to produce mainly an ethylenic polymer and a small amount of saturated 
hydrocarbons. [[Taylor and Jones, J. Amer. Chem. Soc., 1930, 52, 1111-21.] Hydro- 
genation of pentachlorethane (nickel at 270°) yields trichlorethylene. Over nickel 
chloride it yields tetrachlorethylene. [[Mailhe and Sabron, Bull. Soc. chim., 1930, iv, 
47, 349-50; Brit. Chem. Abat., 1930, 735A.] Chamberlin and Bloom describe experi- 
ments dealing with the thermal decomposition of natural gas in tubes of silica, steel, 
copper, iron, nickel, monel and clay. Between temperatures of 500° and 900° C. the 
various tubes have different effects on converting methane into benzene, naphthalene, 
anthracene, acetylene, etc. [[/nd. <t Eng. Chem., 1929, 21, 945.] Thermal reactions of 
pure organic substances with hydrogen under high pressures. ^Hofmann and Long, 
Brennstoff-Chem., 1929, 10, 203-5; Chem. Abat., 1930, 596.] Behavior of various 
organic vapors under high-tension oscillatory discharges. [[Hiedemann, Ann. Physik, 
1929 (5), 2, 221-32; Chem. Abst., 1929, 4858.] The action of the spark discharge on 
methane. [[Stanley and Nash, J. Soc. Chem. Ind ., 1929, 48, 238-42T.] The splitting 
of organic compounds by catalytic hydrogenation and the r61e of nickel in heterogeneous 
catalysis. [[Balandin, Z. physik. Chem., Abt. B, 1929, 3, 167-94; Chem. Abat., 1929, 
5090.] Catalytic hydrogenation of halogenated organic compounds. [[Busch and 
Schmidt, Ber., 1929, 62B, 2612-20; Brit. Chem. Abst., 1929, 1433A.] Synthesis and 
free energy of methane. [Tlandall and Mohammad, Ind. & Eng. Chem., 1929, 21, 
1048-52; Brit. Chem. Abat., 1930, 49B.] Lush gives a review of the hydrogenation of 
organic compounds. [[/nd. Chemist, 1930, 6, 142-4; Chem. Abat., 1930, 2715.] 
Frolich, White and Dayton have studied the cracking of pure methane at tempera- 
tures above 1000° C. and pressures down to 25 mm. At these temperatures acetylene 
is a primary product but has a tendency to polymerize into benzene and similar com- 
pounds as well as to decompose further into carbon and hydrogen, [[/nd. Eng. Chem., 
1930, 22, 20-3.] 

6324. Ethylenic Hydrocarbons. Hydrogenation of squalene, obtained from the 
liver oil of Centrophorua grannloaua. [[Heilbron and Thompson, J. Chem. Soc., 1929, 
883.] Hydrogenation of illipene, obtained from the unsaponifiable matter of illipd 
butter. [Tsujimoto, J. Soc. Chem. Ind. Japan, 1929, 32, 365-7B; Brit. Chem. Abat., 
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1930, 317A.] The catalytic reduction with platinum-black of l-tsoarnyl-AWyri* 
pentenc affords isoamylcycZopentane. ^Harris, J. Amcr. Chcm. Soc ., 1920, 51, 2591; 
Brit. Chcm. Abst., 1929, 1170A.] Hydrogenation of 2,3,6,7-tctromethyl-2,6-octadiine 
gives 2,3,6,7-tetramethyloctane. CMidgley and Hcnne, J. Am. Chcm. Soc., 1930. 62, 
2077-8; Chcm. Abst., 1930, 3129.] Synthesis of l,2-dimethyl-3-wopropylcyc/opentAn^ 
by catalytic reactions. [Kasanski, Bcr., 1929, 62B, 2205-10; Chcm. Abst., 1930, 75 ] 
Cyclic disubstituted cthylenic derivatives are hydrogenated more readily than tri- 
substituted ones and the latter more readily than tetrasubstitued ones. CLebedev ^ 
Platonov, J. Russ. Phys. Chcm. Soc., 1929, 61, 2151-74, and J . Chcm. Soc., 1930, 321-M; 
Brit. Chem. Abst., 1930, 587A; Chem. Abst., 1930, 2729.] A'-Cydohcxylcyclohcxene is 
reduced catalytically (palladized charcoal) to dicycZohexyl. CHuckel, Neunhoefhr, 
Gcrcke and Frank, Ann., 1929, 477, 99-160; Brit. Chem. Abst., 1930, 206A.] Bcaucourt 
describes the hydrogenation of a hydrocarbon obtained by distillation of txwwellic acid 
from olibanum. £ Monatsh ., 1929, 63 and 64, 897-913; Brit. Chem. Abst., 1929, 1457A ] 

6325. Unsaturated Alcohols and Amines. 2-Octene-4-ol is reduced with hydrogen 
and palladium to give octane-4-ol. l-Heptene-3-ol on reduction gives heptane-3-o! 
CLcvene and Ilaller, J. Biol. Chcm., 1929, 83, 578-89; Bril. Chcm. Abst., 1929, 1260 A.] 
Z-Hexa-l,5-diene-3-ol gives d-hexane-3-ol. Cldcm., ibid., 1929, 83, 185-90; Brit. Chn: 
Abst., 1929, 1041A.] d-Methylheptenol, gives d-2-methylhcptane-6-oI. £Idem., ibvi. 

1929, 83, 177—83 ; Bril. Chcm. Abst., 1929, 1038 A.] Dibenzoyldiaminoethylenc is 
obtained by benzoylation of imidazole in alkaline solution. It is catalytically reduced 
in presence of palladium or nickel to give dibenzoyldiaminoethane. [Ttuggli, Ratti and 
Henzi, Hclv. Chim. Acta, 1929, 12, 332-01; Chcm. Abst., 1930, 116.] Guyot and 
Fournier have used hydrogenation catalysts consisting of nickel, cobalt, copper and iron 
in the preparation of primary and secondary amines from alcohols and ammonia or 
amines. [Bull. Soc. chim., 1930,47,203-10; Chcm. Abst., 1930, 2992.] Organic bases 
which are valuable as insecticides are produced by acting on an aliphatic hydrocarbon 
containing more than one double bond with a nitrogenous base, such as ammonia or 
primary or secondary amines, in the presence of an alkali metal or an alloy of alkali 
metals. Methyl-dibutenylamine is prepared from methylamine and butadiene; methyl- 
dibutylaminc is obtained by hydrogenation of this base in the presence of palladium: 
A-butenylpiperidine prepared by the reaction between piperidine and butadiene is 
catalytically reduced in presence of palladium to give A-butylpipcridine. HBrit. Pat. 
313,934, Jan. 14, 1928, to I. G.] 2-n-Amylquinoline is prepared synthetically by con- 
densation of 2-methylquinoline with n-butaldehyde to the unsaturated base, CmHi^N. 
and hydrogenation of the latter compound in presence of palladized charcoal. [Spath 
and Pikl, Bcr., 1929, 62B, 2244-51; Brit. Chcm. Abst., 1929, 1319A.] Meisenheimer and 
Link describe the following reductions with platinum-black: ar-phcnylallyl ethyl ether 
to a-phcnyl-n-propyl ethyl ether; cinnamylethylaniline to 7-phenyl-n-propylethyl- 
aniline; phenyl-A*-pentenylmethylamine to n-amylmethylaniline; diethyl-A*-pentenyl- 
amine to diethyl-n-amylamine; a-phthalimido-A*-pentene to n-amylphthalimide. £Ann., 

1930, 479, 211-77; Brit. Chcm. Abst., 1930 769A.] 

6326. Unsaturated Aldehydes and Ketones. In presence of platinum-black, hydro- 
genation of 2-ethylidenecycZohexanonc gives 2-ethylcycZohexanone, and 2-propylidene- 
cycZohexanone gives 2-propylcycZohexanone. £Vavon and Mitchovitch, Bull. *S or. 
chim., 1929, iv, 45, 961-72; Brit. Chem. Abst., 1930, 206 A.] Reduction of cinnamaldo- 
hvde in presence of alcohol and alumina gives /3-phenylpropionaldehyde. ^Weston and 
Adkins, J. Am. Chem. Soc., 1929, 61, 2589; Chcm. Abst., 1929, 4461.] 1,3-Dipropyi- 
idenecycZepcntan-2-onc, hydrogenated in ether in presence of platinum-black, is con- 
verted into cis-1, 3-dipropylcyc/opentan-2-one. Reduction of the latter in acetic arid 
affords mainly cis-l,3-dii)ropyl-ei5-<rw-cyc/opentan-2-ol. fVavon and Flurer, Bull Soc. 
chim., 1929, (iv), 46, 763-7; Brit. Chcm. Abst., 1929, 1299A.] 5-Benzylidene-2-mcthyl- 
cycZopentanone gives 5-ben zyl-2-methylcycZopentanone. 2-Methyl-5-tsopropylidene- 
cycZopentanone gives 2-methyl-5-isopropylcycZopentanone. nComubert and Bond. 
Bull. Soc. chim., 1930, iv, 47, 301-22; Brit. Chem. Abst., 1930, 776A.] Dibenzylidene- 
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eycfopentylidenecycZopentanone i a hydrogenated in presence of nickel to give the di- 
benzyl compound. [Cornubcrt, Compt. rend., 1930, 190, 440-2; Bril. Chem. Abst., 
1930, 474A; Chem. Abst., 1930, 3225.] l-Propylci/cZopentan-2-one is obtained by 
hydrogenation of l-propylidenecycfopcntan-2-one in ether in presence of platinum- 
black. [Vavon and Flurer, Bull. Soc. chim ., 1929, (iv), 46, 754; Bril. Chem. Abst., 
1929, 1290A.] 2-Benzyl-O-methylct/ciohexanone, obtained by catalytic hydrogenation 
of benzylidene-2-methylcycZohexanone in presence of platinum or nickel. [Cornubert 
and Borrel, Bull. Soc. chim., 1929, iv, 46, 1148-61; Bril. Chem. Abst., 1930, 347A; 
Chem. Abst., 1930, 2730.^ 2-Methylstyryl ethyl ketone, on hydrogenation in presence 
of colloidal palladium, gives 0-o- tolyldiethyl ketone. [Harvey, Heilbron and Wilkinson, 
J. Chem. Soc., 1929, 425; Brit. Chem. Abst., 1930, 593A.] When the phenylhydrazone 
of o-hydroxydiphenylacetaldehyde is boiled with dilute sulphuric acid it loses 1 mol of 
water and forms a red substance which is probably diphenylketenphenylhydrazonc. 
When the latter is reduced by hydrogen in presence of palladized charcoal and benzene 
the phenylhydrazone of diphenylacetaldehyde is obtained. [Zerner and Goldhammer, 
Monotsh ., 1929, 63 and 64, 48^-92; Brit. Chem. Abst., 1929, 1450AJ 

6327. Unsaturated Acids and Esters. Succinic esters are prepared by hydrogenating 
a mixture of fumaric or maleic acid and an alcohol at a raised temperature. Malic 
esters are prepared by using steam instead of hydrogen. Cl. G. Farbenind. A.-G., 
Ger. Pat. 485,313, Nov. 8, 1924; Chem. Abst., 1930, 862. j Potassium phenyl-isopropyl, 
K — C(CH a )i-C*H6, reacts with certain unsaturated hydrocarbons by substitution of 
metal (usually in a methyl group) to form an organo-metallic compound of the un- 
saturated hydrocarbon. When this is decomposed by means of carbon dioxide an 
unsaturated acid is obtained. Thus, o>o>-dimethyl8tyrene yields /3-benzylidene-n-butyric 
acid, reduced by hydrogen in presence of palladized barium sulphate and alcohol to 
0-benzyl-n-butyric acid; aa-diphenyl-A “-propylene gives 77-diphenyl-A^-butenoic acid, 
reduced to 77-diphenyl butyric acid; aor-diphenyl-/3^-dimethylethylene affords an acid, 
reduced to 0-benzhydryl-n-butyric acid. [Ziegler, Crossman, Kleiner and Schafer, Ann., 

1929, 473, 1-35; Brit. Chem. Abst., 1929, 1091AJ Ethyl 2-methyl-5-allylct/cZopen- 
tanone-5-carboxylate gives ethyl 2-methyl-5-propylcycZopentanone-5-carboxylate. [Cor- 
nubert and Borrel, Bull. Soc. chim., 1930, iv, 47, 301-22; Brit. Chem. Abst., 1930, 
776 A. 3 /socrotonic acid is much more readily reduced than is cro tonic acid. This 
confirms its cis-configuration, since cts-forms are more readily and smoothly hydro- 
genated than the Zrans-forms. Differences in the rates of hydrogenation of erucic and 
brassidic acids serve to establish them as cis - and trans-varieties, respectively. [Paal 
and Schiedewitz, Ber., 1930, 63B, 766-78; Brit. Chem. Abst., 1930, 740A.] 3-Methyl- 
A*-pentenoic acid is hydrogenated to 3-methyl-valeric acid, [Reichstein, Ber., 1930, 
63B, 749-54; Brit. Chem. Abst., 1930, 61 1A.] Bcnzaldehyde, malonic acid, and piperi- 
dine react to form piperidine benzylidenemalonate and not a /3-amino-/?-arylethane-aar- 
dicarboxylic acid as described by Rodionov. [Brt/. Chem. Abst., 1929, 557.] One proof 
of this is that when the compound is reduced with hydrogen and palladized barium 
sulphate, benzylmalonic acid is obtained. [Boehm, Arch. Phorm., 1929, 267, 702-14; 
Brit. Chem. A bst., 1930, 88A.] Hydrogenation of a-acetamidoacrylic acid in the presence 
of palladium gives acetyl-dZ-alanine. [Bergmann and Grafe, Z. physiol. Chem., 1930, 
187, 187-95; Brit. Chem. Abst., 1930, 585A.] van Romburgh and van Veen have 
described the hydrogenation of a highly unsaturated acid obtained from the resinous 
exudation from the wood of Pentaspadon motleyi. [Proc. Acad. Sci. Amsterdam, 1929, 
32, 692-7; Chem. Abst., 1930, 123 J Hydrogenation of glycyldehydrophenylalanyl- 
glycine yields glycyl-dZ-phenylalanylglycine. Glycyldehydrophenylalanyl-d-glutamic 
acid yields glycyl-df-phenylalanyl-d-glutamic acid. [Bergmann, Schmitt and Miekeley, 
Z. physiol. Chem., 1930, 187, 264-76; Brit. Chem. Abst., 1930, 772 A.] Proteins, reduced 
by hydrogen and spongy palladium, give the corresponding thiol compounds. f-Cystinc 
gives Z-cysteine; dialanylcystine, dialanylcysteine. [Bergmann and Michalis, Ber., 

1930, 63B, 987-9; Brit. Chem. Abst., 1930, 754 A.] Ethyl P-phcnyl-AMmtenoatc is 
reduced (nickel) to ethyl o-phenylbutyrate. [Rupe and van Walraven, Hdv. Chim. 
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Acta , 1930, 13, 361-77; Brit. Chem. Abst., 1930, 770A.] 3,4-Dimethoxy4>vinylbenzoic 
acid, reduced (palladium) to 3,4-dimethoxy-6-ethylbenzoic acid. CH. Kondo and 
T. Kondo, J. pr. Chem., 1930, ii, 126, 24-52; Brit. Chem. Abst., 1930, 794A.] Catalytic 
reduction, with hydrogen under ordinary pressure with a nickel catalyst deposited on 
diatomaccous earth, of pure ethyl cr-eleostearate, and ethyl 0-eleoetearate, haa been 
repeated and the previous results have been confirmed. CSee Brit. Chem. Abst ., 1927, 
1169A.] This presents further proof that eleostearic acid contains a conjugated system 
of three double bonds. [[Bocsekcn, van Krimpcn and Blankcn, Rec. trav. chim., 1930, 
49, 247-56; Brit. Chem. Abst., 1930, 451A J Iso-oleic acid, which is produced during 
the hydrogenation of oleic acid, has been found to consist of a mixture containing a 
considerable amount of solid A-9,10 oleic acid (A-9,10 elaidic acid?) and a small quantity 
of other solid oleic acids (A-10,11 oleic acid?; A-11,12 oleic acid?). The double bond of 
ordinary oleic acid migrates to a certain extent during hydrogenation. £Ueno and 
Kusel, J. Soc. Chem. Ind., Japan , 33, Suppl. binding 62, 1930; Chem. Abst., 1930, 
2908; Brit. Chem. Abst., 1930, 577A.] 

6328. Hydrogenation of Marine Oils. By polymerisation of fish oil in an atmos- 
phere of hydrogen at 280°-290° for 14 hours the characteristic odor of the oil disap- 
pears, and is not regenerated by hydrolysis, heating, or keeping of the product. Strong 
sunlight, however, rapidly causes the products to become odorous. [[Hashi, J. Soc. 
Chem. Ind., Japan, 1930, 33, 58B; Brit. Chem. Abst., 1930, 430B.] Cod-liver oil is 
deodorized by the silent discharge. The oil retains its vitamin and nutritive value. 
Clwamoto, ibid., 1929, 32, 308-12; Chem. Abst., 1929, 4840.] The physical and chemi- 
cal properties of hydrogenated sardine oil, herring oil and cod-liver oil are not appre- 
ciably affected by ultraviolet irradiation. The antirachitic value of the fats is consid- 
erably increased by irradiation. CUeno, Yamashita and Ota, ibid., 1930, 33, 61 B; 
Brit. Chem. Abst., 1930, 430B J Suzuki and Yokoyama have isolated and hydrogenated 
two new acids from sardine oil. [Proc. Imp. Acad. Tokyo, 1929, 6, 265-73; Brit. Chem. 
Abst., 1929, 1271A.] Ueno has found that the catalytic activity of platinum and 
nickel in the hydrogenation of sardine oils is reduced by treatment with anaesthetics. 

C J • Soc. Chem. Ind., Japan, 1929, 32,{321-3B; Brit. Chem. Abst., 1930, 282B.] By hydro- 
genation of sperm oil over a nickel catalyst large quantities of octadecyl alcohol arc 
obtained. CFrangois, Bull. Mat. Grasses , 1929, 189-202; Brit. Chem. Abst., 1929, 860B.] 
The precipitated semi-solid glycerides of pilchard oil have been hydrogenated to a solid 
white, odorless and tasteless mass. DBrocklesby, Can. Chem. Met., 1929, 13, 212-4; 
Chem. Abst., 1929, 4585.] 

6329. Hydrogenation of Other Oils. Waterman and van Tussenbroek CChem. 
Weekblad., 1929, 26, 410-3; Brit. Chem. Abst., 1929, 861B; Chem. Abst., 1929, 5340] have 
conducted investigations on the effect of heating soya bean oil in air and in vacuo , with 
and without the addition of nickel. They conclude that the changes in the constants 
of the oil when heated with nickel arise chiefly from changes in the glycerides of linoleic 
acid, llbid., 1929, 26,566-7; Brit. Chem. Abst., 1930, 66B.] Ueno and Kuzei CJ.Soc. 
Chem. Ind., Japan, 1928, 31, 217-20; Chem. Abst., 1930, 2320] have determined the 
comparative amounts of unsaturated solid acids (so-called iso-oleic acids) formed during 
the hydrogenation of soya bean oil with mixed catalysts prepared in various ways. The 
chrysalides of the silk-worm on extraction yield over 20 per cent, of an oil which can be 
readily solidified by hydrogenation. [[DeConno and Quarto, Ann. chim. applicata, 1929, 
19, 91-7, Chem. Abst., 1929, 5053; cf. Paras. 3277-9.] Markman and Vaailiev have 
studied the effect of temperature on the hydrogenation process of sunflower oil. C3/aa- 
lob. -Zhirov. Delo , 1928, No. 8, 23-4; Chem. Abst., 1929, 4839.] Slightly deteriorated 
linseed oil absorbs more hydrogen than can be accounted for by the decrease in iodine 
number. This is explained by reduction of hydroxyl groups formed during the oxida- 
tion process. [[Vasiliev, ibid., 1928, No. 7, 9-11; Chem. A bst., 1929, 4839.] Heat-bodied 
drying oils, when hydrogenated, always yield stearic acid, indicating that the so-called 
polymerization is an extra-molecular phenomenon. [[Cutter, J. Oil and Colour Chem. 
Assoc., 1930, 13, 66-83; Chem. Abst., 1930, 2901.] An interesting method of hardening 



ADDENDA 


879 


oils and fata is described by von der Heide £Ger. Pat. 482,919, June 17, 1926; Chem. 
Abst., 1930, 519.] Unsaturated oils and fata are hardened by adding them, generally 
in emulsified form, to cultures of hydrogen-producing bacteria. Hardening oils and 
fata. [Burman, Brit. Pat. 309,502, April 11, 1928; Chem . Abst., 1930, 744.] Chogo 
describes an apparatus for mixing liquid and gas, which is applicable to the hydrogena- 
tion of fats. £U. 8. Pat. 1,740,441, Dec. 24, 1929, to 8. Kubota; Brit. Chem. Abst ., 
1930, 538B.] 

6330. Uses of Hydrogenated Oils. Soaps which contain beef tallow are less stable 
than those that contain “ stearol ” (hydrogenated fish oil), according to Tomajoti 
£Oliie Grassi , June 30, 1929; Bril. Soap Manufr ., 1929, 6, 235-6.] The properties and 
constitution of kusum (macassar) fat from the seeds of Schleichera trijuga , which grows 
abundantly in various parts of India, have been studied by Dhingra, Hilditch and 
Vickery. £ J.S.C.I., 1929, 48, 281-286T; Brit. Chem. Abst., 1929, 1022B.] The quali- 
ties of the soap are reminiscent of those of a hydrogenated fish oil. Montero describes 
the various uses of hydrogenated fish oil. £Quim. e ind., 1930, 7, 28-9; Chem. Abst., 
1930, 2321.] Hydrogenated sunflower-seed oil is said to contain forty-five per cent of 
iso-oleic acid. It is claimed that the presence of various isomers of oleic acid in such 
hydrogenated sunflower oil makes the material more suitable for the manufacture of 
soap. £Maslob. -Zhirov. Delo , 1927, No. 1, 28-7; Oil & Fat Ind. } Oct., 1929, 37.] Astra 
fat is a white, soft, hydrogenated peanut oil in which the iodine number due to unsat- 
urated acids is reduced from 95 to about 63. CGfeller, Pharm. Acta Helv., 1928, 3, 154- 
63; Chem. Abst., 1929, 5011.] According to Maeder £Pharm. Acta Helv., 1929, 4, 
56-8; Chem. Abst., 1929, 5011] astra fat is a suitable substitute for hog lard in pharma- 
ceutical preparations in view of its appearance and keeping qualities. When lard is 
mixed with 25 per cent of hydrogenated oil it does not become rancid. £Fiero, Am. J. 
Pharm., 1930, 102, 146-54; Chem. Abst., 1930, 2318.] Freedman and Rickets describe 
products having piezoelectric properties and containing hydrogenated oils or fats. 
CBrit. Pat. 311,055, March 29, 1928; Chem. Abst., 1930, 699.] The product obtained 
by treating a mixture of colophony and castor oil with hydrogen under pressure and at 
a raised temperature is used as initial material for the manufacture of greases. £A. 
Ricbeck'sche Montanwcrkc A.-G., Ger. Pat. 482,965, June 23, 1922; Chem. Abst., 1930, 
519-20.] A viscous mass, suitable for pharmaceutical purposes, is obtained by heating 
castor oil and formaldehyde with a catalyst such as nickel. CHauschka, U. S. Pat. 
1,728,205, Sept. 17, 1929; Chem. Abst., 1929, 5276.] Hardened blubber oil, heated with 
butyric acid and glycerol, is suggested as a butter substitute. CTaufel and Preiss, 
Z. Enters. Lebensm., 1929, 68, 425-33; Brit. Chem. Abst., 1930, 568B.] Smith £Food 
Manuf., 1929, 4, 130-2, 197-8, 343-6, 367] outlines the utilization of oils and their 
hydrogenation products in the foodstuff industry. 

6831. Analysis of Hydrogenated Oils. Kaufmann describes the detection of hard- 
ened fats by spectroecopical identification of nickel. The nickel solution obtained from 
cautiously ashed fat (1-50 g.), or by acid extraction, is electrolyzed, the nickel being 
deposited on the tip of copper-plated platinum wire electrodes, and subsequently iden- 
tified by its spark spectrum. Careful manipulation is essential, but quantities down 
to 10~ 8 milligrams of nickel (0.0001 mg. of nickel per kg. of fat mixture) can be identified 
with certainty. £Chem. Umschau , 1930, 37, 17-21; Brit. Chem. Abst., 1930, 430B.] 
Kubclka, Wagner and Zuravlev £CoUegium, 1929, 374-396; Brit. Chem. Abst., 1929, 
924B] have made comparative determinations of the iodine values of hardened whale, 
rape, sesame, cod-liver, linseed, and castor oils, by the Hanus, Margosches, and Rosen- 
mund methods. Trevithick and Lauro £OU & Fat Ind., Dec. 1929, 21-3] recommend 
the Bomer test for differentiating lard and lard compounds, particularly those contain- 
ing hydrogenated vegetable oils. Grossman describes a method of determining the 
molecular weight of higher saturated fatty acids and points out its application to the 
determination of lignoccric acid in mixtures containing hardened peanut butter. 
£Z. Enters. Lebensm., 1929, 58, 209-61; Brit. Chem. Abst., 1930, 381B; Chem. Abst., 
1930, 3390.] Groesfeld £Apoth. Ztg., 1929, 44, 1387-91, 1403-6; Chem. Abst., 1930, 
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742] states that the estimation of iso-oclic acid via Twitchell is of special importance for 
the recognition of hardened fats. Grossfeld also describes a method for separation of 
solid and liquid fats and for the detection of hardened fats in cacao butter. \JChem. 
Umschau , 1930, 37, 3-13, 23-8; Brit. Chem. Abst., 1930, 466B.] The determination 
of the thiocyanogcn-iodine value combined with the iodine number offers the possibility 
of obtaining an insight into the linoleic acid and linoleic glyceride content of fats which 
arc free from linolcnic acid. [Waterman and Bertram, J. Soc. Chem . Ind., 1929, 48, 
79-80T.] 

6332. Acids and Esters. The monoalkyl esters and also the acid salts of various 
dibasic acids, such as oxalic, malonic and succinic acids, may be hydrogenated, according 
to Dreyfus [Brit. Pat. 316,158; Brit. Chem. Abst ., 1929, 807B] by treatment with 
hydrogen in the presence of reduced nickel at temperatures ranging from 15°-100° C. 
and at pressures of 100-150 atmospheres. Paal and Schicdewitz have noted the differ- 
ing behavior of or- and 0-chlorobutyric acids during catalytic hydrogenation. [Z?er . , 

1929, 62B, 1935-9; Brit. Chem. Abst., 1929, 1270A.] Catalytic reduction of the acid 
chloride of ar-acetoxydiphenylacetic acid gives at-hydroxydiphcnylacctaldchyde. [Zcr ner 
and Goldhammer, Monatsh ., 1929, 63 and 64, 485; Chem. Abst., 1930, 352.] Mono- 
carboxylic acids are obtained from phthalic anhydride and other polycarboxyl ic acids 
and their derivatives such as diphenic, adipic, succinic, maleic or tartaric acids, by 
passing over catalysts which tend to split off carboxyl groups in the presence of hydrogen. 
[Jaeger, to Selden Co., Brit. Pat. 314,035, June 23, 1928; Chem. Abst ., 1930, 1123.] 
Acetic anhydride is hydrogenated (palladium-black), giving acetaldehyde and a little 
ethyl acetate. Reaction goes more readily in presence of hydrochloric acid. Pro- 
pionic anhydride behaves similarly. Laurie anhydride is reduced with greater diffi- 
culty. [Mannich and Nadelmann, Ber., 1930, 63B, 796-9; Brit . Chem. Abst., 1930, 
740A.] 

6333. Acetylene and Acetylenic Compounds. Fischer, Peters and Koch describe 
the catalytic hydrogenation and condensation of acetylene over an iron-copper-alkali 
catalyst. [ Brennstoff-Chem ., 1929, 10, 383-5; Brit. Chem. Abst., 1929, 967B.] Ethyl 
acetylene may be obtained from methanol by electrolytic disaggregation of calcium 
carbide electrodes. This may be hydrogenated to n-butylenc. [Dutt, French Pat. 
677,338, Oct. 17, 1928; Chem. Abst., 1930, 2956.] Acetaldehyde or acetic acid is 
prepared by passing acetylene over contact substances such as salts of mercury, silver, 
tin or copper preferably containing vanadium in the acid radical, in the presence of 
hydrogen and an oxidizing gas or substance liberating oxygen. [I. G. Farbenind. 
A.-G., French Pat. 645,967; Chem. Abst., 1929, 1910.] In producing ethylene, acety- 
lene and hydrogen are passed over aluminum powder, cerium, or cerium oxide, which 
may be mixed with active carbon, asbestos or kicselguhr. [I. G. Farbenind. A.-G., 
Brit. Pat. 325,695, Feb. 22, 1929; Chem. Age (London), 1930, 400; Brit. Chem. Abst., 

1930, 452B.] Polymerization of acetylene in the production of ethylene is minimized 
by adding 5-20 per cent by volume of water vapor to the acetylene-hydrogen mixture. 
[Brit. Pat. 325,152, Mar. 23, 1929, to I. G. Farbenind. A.-G.; Brit. Chem. Abst., 1930, 
408B.] The selective action of a palladium catalyst in the reduction of acetylenic 
compounds is described by Bourguel and Gredy. [Comp*, rend. 1929, 189, 757-9; Brit. 
Chem. Abst., 1930, 79A.] They also suggest a mechanism for the reaction. [75td., 
1083-5; Brit. Chem. Abst., 1930, 171A.] /socrotonic acid is prepared by partial 
hydrogenation of tetrolic acid. Also, isostilbene is obtained from tolane. [Paal and 
Schiedewitz, Ber., 1930, 63B, 766-78; Brit. Chem. Abst., 1930, 740A.] Hydrogenation 
of phenylpropiolic acid in ethyl acetate yields primarily Liebermann’s aZfowocinnamic 
acid, together with its more stable transformation products, Erlenmeyer’s wocinnamic 
acid, and al/ocinnamic acid, but no *rarw-isomeride. Acetylenedicarboxylic acid simi- 
larly yields maleic acid, and tolane gives wostilbenc. Phenylpropiolic alcohol yields 
cis-cinnamyl alcohol. [Bourguel, Bull. Soc. chim ., 1929, (iv), 46, 1067-91; Brit. Chem. 
Abst., 1930, 317A.] 1,1,1,3-Tetraphenylpropinene, (CJI*)CEiCC(C 4 H»)i, is reduced 
in presence of platinic oxide (but not of palladium-black) to 1,1,1,3-tetraphenylpropane. 
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Also, 1 -phenyl-3, 3, 3-tri-p-tolylpropinene gives l-cycZohexyl-3,3,3-tri-p-tolylpropane. 
1,1,4,4-Tctraphenylbutinene gives the saturated compound. 1,1,3-Triphcnylpropinene, 
in presence of palladium-black, gives 1,1,3-triphenylpropanc, and in presence of platinic 
oxide, l-ct/c/ohexyl-3,3-diphcnylpropane. pVieland and Kloss, Ann., 1929, 470, 201- 
23; Brit. Chern. Abst., 1929, 1053A.] Hydrogenation of 2,6-dimethyl-10-ethinyl- 
undecan-10-ol gives 2,6-dimethyl-10-vinylundecan-10-ol. [[Fischer and Lowenburg, 
Ann., 1929, 476, 183-204; Chem. Abst., 1930, 595.] Catalytic hydrogenation of tetra- 
phenylbutinenediol in presence of colloidal palladium gives the highest yields of the 
0-tetraphenylbutenediol, when the reaction occurs slowly. Hydrogenation of either 
butenediol affords tctraphenylbutanediol. [[Salkind and Tcterin, Ber., 1929, 62B, 
1746-50; Brit. Chem. Abst., 1929, 1067-8A. See also, J. Russ. Phys. Chem . <Soc., 1929, 
61, 1751-7; Brit. Chem. Abst., 1930, 574A.] Hexinene-l,2,5,6-tetrol, in presence of 
colloidal platinum, absorbs one molecule of hydrogen, yielding A'-hexene-l^^jG-tetrol. 
l,6-Dimethoxy-A , -hexane-2,5-diol is obtained similarly. [[Lespieau and Bourguel, 
Compt. Rend., 1930, 190, 378-80; Brit. Chem. Abst., 1930, 450A.] 3,7-Oxido-3,7-di- 
mcthyl-octinene-1, in the presence of aqueous alcohol, hydrogen and a nickel catalyst, 
gives 3,7-oxido-3,7-dimethyloctane. CRupe and Lang, Helv. Chim. Ada., 1929, 12, 
1133-41; Brit. Chem. Abst., 1930, 61A.] 2,6-Di-^-phenylethinylpyridine, reduced by 
hydrogen and palladized barium sulphate to 2,6-distyrylpyridine. CScheuing and 
Winterhalder, Ann., 1929, 473, 126-36; Brit. Chem. Abst., 1929, 1086A.] 

6334. Poly-Hydroxylated Compoimds. Glycerol, or its reduction product, propylene 
glycol, is obtained by catalytic hydrogenation of polyhydroxylated compounds in 
presence of metals of the iron or platinum group. Sorbitol at 200°-250° and 70-100 
atmospheres pressure gives first, glycerol and then, propylene glycol; dextrose or 
sucrose is reduced at 150° and 40 atmospheres to the hexitol and then at 200°-250° and 
150 atmospheres to glycerol and the glycol. Starch and cellulose are similarly reduced. 
CBrit. Pat. 299,373, Oct. 24, 1928, to I. G. Farbenind. A.-G.; Brit. Chem. Abst., 1930, 
500B. See also French Pat. 662,874, Oct. 24, 1928; Chem. Abst., 1930, 378.] 
Formaldehyde or a polymer is boiled with a catalyst such as lead oxide in the presence 
of a mono- or poly-hydric alcohol miscible with water. The catalyst is separated and 
the solvent evaporated to obtain the sugar as a clear syrup. Thirty per cent aqueous 
formaldehyde, methyl alcohol and lead oxide may be thus treated ; also trioxymethylene, 
glycerol and lead oxide; and formaldehyde, methyl alcohol and lime. The sugars may 
be reduced catalytically to obtain polyhydric alcohols. CL G. Farbenind. A.-G., Brit. 
Pat. 327,193, Appln. date Dec. 3, 1928; Chem. Age (London), 1930, 520.] Hepta- 
acetylamygdalin in glacial acetic acid is converted by hydrogen and spongy palladium 
into heptaacetylgentiobiosc. Hydrogenation of hexaacctylgentiobial affords hexa- 
acetylhydrogentiobial. CBergmann and Freudenberg, Ber., 1929, 62B, 2783-8; Brit. 
Chem. Abst., 1930, 70A.] Cellulosic material is treated with sulphuric acid and then 
mixed with calcium carbonate and heated with acetylene and hydrogen under pressure 
at 600° C. The gases formed are passed over nickel, pumice and copper, and an oil 
resembling crude petroleum is obtained. CFisichella, French Pat. 677,649, June 26, 
1929; Chem. Abst., 1930, 3353.] 

6336. Aldehydes. The vapor of croton aldehyde mixed with hydrogen and prefer- 
ably with steam is passed over a mixed copper and silver catalyst at 120° C., yielding 
butyl alcohol [[Horsley and Imperial Chem. Industries, Ltd., Brit. Pat. 316,399, June 
29, 1928; Brit. Chem. Abst., 1929, 806B.] Hydrogen is introduced through a per- 
forated central pipe-lead and mixes gradually with crotonaldehyde vapor which contains 
steam. Over-heating is thus avoided. [^Horsley and Imperial Chem. Industries, Ltd., 
Brit. Pat. 321,253, Aug. 22, 1928; Brit. Chem. Abst., 1930, 275B.] Hydrogenation of 
crotonaldehyde is secured without the use of steam and without formation of products 
of high boiling point by treating crotonaldehyde with hydrogen in the presence of a 
nickel catalyst at a temperature below 140° C. until most of the aldehyde has been 
converted into saturated compounds containing the propyl group; then treating the 
product with hydrogen at a higher temperature to produce butyl alcohol. CHolden, 
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assr. to Carbide A Carbon Chemicals Corporation, U. S. Pat. 1,724,761, Aug. 13, 1929; 
Chem. Abst., 1929, 4712; Brit. Chem. Abst., 1929, 1887B.] Butyl alcohol prepared by 
the catalytic hydrogenation of crotonic or butyric aldehyde is purified by treatment 
with chlorine or bromine or their hypo-acids. £1. G. Farbenind. A.-G., Brit. Pat. 
312,512, June 20, 1928; Chem. Abst., 1930, 865.] Aldehydes or ketones are catalytically 
hydrogenated to alcohols at pressures of 10-100 atmospheres which enables a gas mix- 
ture containing less than 80 per cent of hydrogen to be used. £Brit. Pat. 327,573, 
I. G. Farbenind. A.-G., April 6, 1929; Chem. Age (London), 1930, 562.] Aldol is reduced 
to 1,3-butylene glycol by passing it in the liquid or dissolved state together with hydro- 
gen over a hydrogenating catalyst at temperatures of 50°-110°. Catalysts containing 
nickel, cobalt or copper may be used with or without activators such as alumina. 
£1. G. Farbenind. A.-G., Brit. Pat. 311,671, Feb. 9, 1928; Chem. Abst., 1930, 865.] As 
a step in the process of making isoprene for conversion into artificial rubber, aldol is 
subjected to hydrogenation under the above conditions. £Brit. Pat. 320,362, March 30, 

1928, I. G. Farbenind. A.-G.; Chem. Age (London), 1929, 551.] In producing mono- 
and poly-hydric alcohols by catalytic reduction with hydrogen of the condensation prod- 
ucts of aldehydes or ketones, the condensing agent is removed from the condensation 
product previous to the reduction. £1. G. Farbenind. A.-G., Brit. Pat. 311,788, Dec. 2, 
1927; Chem. Abst., 1930, 861.] 2,3-Dimethoxybenzaldehyde, hydrogen and platinum- 
black, give 2,3-dimethoxybenzyl alcohol. £Montequi, Anales soc. espan. fls. quim., 

1929, 27, 692-4; Chem. Abst., 1930, 605.] Ethylisoamylamine is converted by formal- 
dehyde and hydrogen in presence of colloidal platinum into methylethylisoamylamine. 
When similarly treated with acetaldehyde, propaldehyde, and wobutaldehyde, the sec- 
ondary amine affords diethylisoamylamine, ethyl-n-propylisoamylamine and ethylwo- 
butyltsoamylamine, respectively. Acctylacetone and dimethylamine affords 5-dimethyI- 
aminopentan-0-ol. Hydrogenation of a mixture of acetylbenzoyl and ethylamine leads 
to /3-ethylamino-of-phenylpropan-a-ol, converted by reduction in presence of formalde- 
hyde into 0-methylethylamino-or-phenylpropan-<*-ol. Catalytic reduction of benxoyl- 
acetone in presence of dimethylamine yields the two diastereo isomeric y-dimethylamino- 
ar-phenylbutan-or-ols. Catalytic reduction of acetylacetone in presence of ethylamine 
yields 5-ethylaminopentan-0-ol. £Skita and Keil, Ber., 1930, 63B, 34-50; Brit. Chem. 
Abst., 1930, 327 A.] The hydrogenation of aliphatic acetals produces the mixed ether 
of ethyl and the acetal-forming alkyl, and the acetal-forming alcohol itself, in accordance 
with the reaction: CH*CH(OR)i + Hi =* CiH*OR + ROH. £Cabanac, Compt. rend., 
1929, 188, 1257-9; Chem. Abst., 1929, 3900.] Aldehyde and ketone sulphoxylates are 
produced by reducing aldehyde or ketone bisulphites or aldehyde hyposulphites by hydro- 
gen or by gases containing hydrogen, in the presence of a hydrogenation catalyst, and, 
generally, with or without increase of pressure, but when formaldehyde bisulphite is to 
be reduced an activated catalyst must be used or a pressure of at least 20 atmospheres 
must be employed. £1. G. Farbenind. A.-G., Brit. Pat. 308,229, Sept. 19, 1927 ; Chem. 
Abst., 1930, 127.] Primary alcohols are obtained by treating an alkylene oxide with 
hydrogen in the presence of a hydrogenation catalyst, more particularly finely divided 
metals of the 8th group. A mixture of a- and 0-butylene oxides yields butyl alcohols. 
Treatment of styrene oxide gives 0-phenylethyl alcohol. £1. G. Farbenind. A.-G., Brit 
Pat. 320,424, July 17, 1928; Chem. Age (London), 1929, 575; Chem. Abst., 1930, 2468.] 

6336. Ketones. Acetone is hydrogenated in the vapor phase in the presence of a 
catalyst containing copper and (or) silver and an oxide or hydroxide of a divalent metaL 
£Horsley and Imperial Chemical Industries, Ltd., Brit. Pat. 327,224, Jan. 25, 1929; 
Chem. Age (London), 1930, 520; Brit. Chem. Abst., 1930, 602B.] Triflu orace tone 
(CFjCOCHj) is quantitatively and rapidly reduced to trifluorowopropyl alcohol by 
hydrogen under 48 atmospheres in the presence of platinum-black. £Swarta, Bull. soc. 
chim. Belg ., 1929, 38, 99-109; Chem. Abst., 1929, 4440-1.] To prepare 2-methyl-2,4- 
pcntanediol, diacetone alcohol is treated with hydrogen and finely divided nickel at high 
temperature and pressure. £1. G. Farbenind. A.-G., Leopold-inventor, Ger. Pat. 
486,767, Apr. 1, 1925; Chem . Abst., 1930, 1870.] Pentan-2-ol-5-one and hydrogen in 
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the presence of platinum-black give pentan-2,4-diol. The latter is also obtained by the 
hydrogenation of acetylacetone. CBaudreughien, Bull. sci. acad. roy. Belg., 1929, 15, 
53-80; Chem. Abst ., 1929, 4196.] Ethyl cyc/opentyl ketone, when hydrogenated in 
acetic acid in presence of platinum-black, gives ethyl-cycZopentylcarbinol. CVavon and 
Mitchovitch, Bull. Soc. chim., 1929, iv, 46, 961-72; Bril. Chem. Abst., 1930, 206A.] 
Reduction of cyclohexylcyclohex&none by Skita’s method gives cis-2-cyclohexy\cyclo- 
hexanol. CHuckel, Neunhoeffer, Gercke and Frank, Ann., 1929, 477, 99-160; Brit. 
Chem. Abst., 1930, 206A.] 5-Methoxy-4-ethoxyacetophenone, reduced to 5-methoxy- 
4-ethoxy-l-ethylbenzene. P3. Kondo and T. Kondo, J. pr. Chem., 1930, ii, 126, 24-52; 
Brit. Chem. Abst., 1930, 794 A. ] Reduction of 2-cyctopentylcydopentanone with sodium 
and alcohol gives the Jrans-alcohol in large amount, while catalytic reduction (Skita) 
affords mainly m-2-cycfopentyl-cr/cJopentanol. CHiickel, Neunhoeffer, Gercke and 
Frank, Ann., 1929, 477, 99-160; Brit. Chem. Abst., 1930, 206 A. 3 cts-l-Propylcyc/o- 
pentan-2-ol is obtained by hydrogenation of the corresponding ketone in presence of 
platinum-black in acetic acid containing hydrochloric acid. A mixture richer in the 
fra ns-isomeride is obtained in absence of hydrochloric acid. CVavon and Flurer, Bull. 
Soc. chim., 1929 (iv), 46, 754-762; Brit. Chem. Abst., 1929, 1290A.] Methylethylketone 
is condensed with formaldehyde to form methyl-2-keto-3-butanol and this is catalyti- 
cally hydrogenated to 2-me thy 1-1 : 3-butylene-glycol. CBrit. Pat. 320,362, March 30, 

1928. I. G. Farbenind. A.-G.; Chem. Age (London), 1929, 551.] Hydrogenation of 
2-ethylq/cfohexanone in presence of platinum-black in acetic and hydrochloric acid yields 
cw-2-ethylq/cZohexanol. CVavon and Mitchovitch, Bull. Soc. chim., 1929, iv, 46, 
961-72; Bril. Chem. Abst., 1930, 206 A.] 77-Diphenyl-a-hydrindone resists reduction 
by sodium and alcohol or catalytic hydrogenation. ^Gagnon, Ann. chim., 1929, x, 12, 
296-343; Brit. Chem. Abst., 1930, 90A.] In connection with the oxidation of lobclanine, 
Wieland and Dragendorff obtained a neutral fraction which when hydrogenated in the 
presence of palladium-black yielded l,7-dibenzoyl-*n-heptane. Catalytic reduction of 
the neutral fraction in the presence of acetic acid gave l,9-diphenyl-n-nonane-l,9-diol. 
ZAnn., 1929, 473, 83-101; Brit. Chem. Abst., 1929, 1085A.] Buck and Jenkins describe 
the following reductions which have been effected with almost quantitative yields: 
benzil, anisil, and piperil to the corresponding benzoin and hydrobenzoin derivatives; 
furil to furoin; phenyl benzyl ketone to phenylbenzylcarbinol; anisyl-methoxybenzyl 
ketone to a/9-di-p-anisylethyl alcohol, and piperonyl mp-methylene-dioxy benzyl ketone 
to a/9-dipiperonylethyl alcohol. [\7. Amer. Chem. Soc., 1929, 61, 2163; Brit. Chem. 
Abst., 1929, 1072 A.] The hydrogenation of aldehydes and ketones to alcohols and of 
aldehyde alcohols to glycols is carried out in presence of oxide catalysts such as oxides 
of beryllium, magnesium, zinc, aluminum, silicon, titanium, germanium, zirconium, tin, 
cerium, thorium, vanadium, bismuth, chromium, molybdenum, tungsten, uranium, 
manganese, iron or rare earths, and substances are added to prevent dehydrating effects 
of the catalyst such as compounds of the alkali or alkaline earth metals of groups 1 and 2 
in the form of oxides, carbonates, hydroxides or salts with weak acids such as organic 
acids. ^Lazier (to E. I. DuPont de Nemours & Co.), Brit. Pat. 312,043, and -4, May 18, 
1928; Chem. Abst., 1930, 860.] Amino alcohols are prepared by the catalytic hydrogen- 
ation of a hydroxy-carbonyl compound, a polyhydroxy-carbonyl compound or a poly- 
carbonyl compound, in the presence of ammonia or an amine. CSkita and Kcil, Brit. 
Pat. 313,617, June 16, 1928; Chem. Abst., 1930, 1119.] Phenyl c*-oximi noethyl ketone 
is hydrogenated almost quantitatively in presence of hydrogen chloride (3 mols) and 
palladized charcoal to a-hydroxy-a-phenyl-tsopropylamine hydrochloride. p-Tolyl 
cr-oximinoethyl ketone is similarly reduced to the hydrochloride of o-hydroxy-<jr-p-tolyl- 
tsopropylamine. CHartung and Munch, J. Am. Chem. Soc., 1929, 51, 2262-6; Brit. 
Chem. Abst., 1929, 1066A.] 

6337. Amino-Ketones. Phenylmethylaminopropanol (ephedrine) is prepared by 
reducing phenyl methylaminoethyl ketone by hydrogen in the presence of finely divided 
platinum. CFoumeau, French Pat. 659,882, Dec. 23, 1927; Chem. Abst., 1929, 5196.] 
Fourneau and Barrelet ZAnales soc. espah. fis. quim., 1929, 27, 500-7; Chem. Abst., 
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1930, 352] have prepared three higher homologs of ephedrine. These are phenyl-a- 
mcthylaminopropylcarbinol, phenyl-a-methylaminoisobutylcarbinol and 2-benzyt-2- 
methylaminowopropanol, prepared by reducing the corresponding ketone by means of 
hydrogen in presence of platinum. De Buruaga has prepared a homolog of ephedrine 
by catalytic reduction of p-tolyl cr-methylaminoethyl ketone to p-tolyl-ar-methylamino- 
carbinol. C Anales soc. espan. fls quim . , 1929, 27, 712-6.3 M-Phenyl-2-methylajnin<>- 
propanol-1 and d-l-phenyl-2-methylamino-propanol-l, production by catalytic hydro- 
genation. £Brit. Pat. 318,488, Sept. 3, 1928, to I. G.; Chem. Age (London), 1929, 
479.3 Ketones of the type represented by AT-methyl-3:4-dihydroxyphenacylamine, 
when hydrogenated in alkaline solution in the presence of nickel catalyst, yield amino 
alkylarylcarbinols or AT-alkylaminoalkylarylcarbinols. CSoc. Chem. Ind. in Basle, 
Brit. Pat. 296,006, Aug. 22, 1928; Brit. Chem. Abst., 1929, 807B.3 A mixture of 
acetylbenzoyl and dimethylamine on reduction gives df-A’-methylephedrine as does a 
mixture of acetylbenzoyl, methylamine and formaldehyde. CSkita and Keil, MonaU A,. 

1929, 63 and 64, 753-63; Brit. Chem. Abst., 1929, 1436A; Chem. Abst., 1930, 336J 

6338. Nitro-Compounds. Williams has obtained high yields of aniline by the 
reduction of nitrobenzene vapor with hydrogen at 310° with tin oxide catalysts. No 
evidence was obtained of the reduction of the oxide to the metal in the experiments, 
and it was, moreover, found that normal specimens of tin do not catalyze this reaction 
at this temperature, which happens to be above the melting point of tin. C Trans . 
Faraday Soc., 1929, 26, 446-51; Brit. Chem. Abst., 1929, 1021A; Chem. Abst., 1929, 
4874J Busch and Schulz have made a study of the catalytic reduction of nitro com- 
pounds using palladized calcium carbonate (1 per cent) as the catalyst and hydrazine 
as the source of hydrogen. £Ber., 1929, 62B, 1458-66; Chem. Abst., 1929, 493$. 3 
p-Glycollylaminonitrobenzene may be treated with hydrogen under pressure in the 
presence of nickel to reduce to the amino-group. HBrit. Pat. 318,491, Sept. 3, 1928, to 

I. G.; Chem. Age (London), 1929, 479.3 o- and p-Nitroethylbenzene in acetic acid and 
in presence of platinum-black are hydrogenated to o- and p-ethylaniline. pVavon and 
Mitchovitch, Bull. Soc. chim., 1929, iv, 46, 961-72; Brit. Chem. Abst., 1930, 206A.3 
Methyl ethyl p-nitrophenyl-ethyl-malonate is reduced by catalytic hydrogenation with 
platinum oxide to the amino-derivative. CBousquet and Adams, J. Am. Chem. Soc., 

1930, 62, 224-9; Chem. Abst., 1930, 1086.3 Ethyl-5w-(4-nitrophenyl)-me thane is 
reduced in alcohol in presence of Adams' platinum catalyst and hydrogen to give cthyb 
6w-(4-aminophenyl)-methane in quantitative yield. CHussey, Marvel and Hager, 

J. Amer. Chem. Soc., 1930, 62, 1124.3 /3-Nitro-a,2,5-trimethoxy-3,4-methylenedioxy- 
ethylbcnzene is reduced by either hydrogen and platinum-black under pressure or bv 
sodium amalgam to the amino-derivative. [Mannich and Falber, Arch. Pharm., 1929, 
267, 601-9.3 Reduction of dinitroabietic acid gives an undefined nitrogen-containing 
product. The amount of hydrogen absorbed is 1.74 mols. [Goldblatt, Lowy and 
Burnett, J. Am. Chem. Soc., 1930, 62, 2132-6; Chem. Abst., 1930, 3019.3 Jaeger 
describes catalysts for production of hydrogenated organic nitrogen compounds. 
nBrit. Pat. 304,640, Jan. 23, 1928; Chem. Abst., 1929, 4709.3 2 : 4-Din itro-1 -methyl- 
naphthalene, reduced by platinum-black and hydrogen, gives 2-nitro-4-amino-l-methyl- 
naphthalenc. CVesely, Stursa, Olejnicek and Rein, Coll. Czech. Chem. Comm., 1929, 1, 
493-515; Brit. Chem. Abst., 1929, 1288 A. 3 

6339. Nitriles. Tertiary amines are formed in the reduction of nitriles alone or in 
mixture with carbonyl compounds in basic solution. Skita and Keil describe the 
hydrogenation of acetonitrile, propionitrile, butyronitrile, valeronitrile, p-methoxy- 
benzonitrile, and p-hydroxybenzonitrile. They also describe the hydrogenation of 
these nitriles in presence of cyclohexanone. [Monatsh., 1929, 63 and 64, 753-63; Brit. 
Chem. Abst., 1929, 1436A; Chem. Abst., 1930, 336.3 Catalytic hydrogenation of 
nitriles under reduced pressure has been carried out by Escourrou £ Bull . Soc. chim., 
1929, (iv), 46, 735-44; Brit. Chem. Abst., 1929, 1298A.3 When hydrogenated at 190 3 
under a pressure of 240 mm., phenylacctonitrile affords mainly phcnylacetaldimine, 
together with a little ethylbenzene and /3-phenylethylamine; at 200° under a pressure 
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of 220 mm. the aldimine is obtained alone. Benzonitrile is converted in presence of 
nickel at 175° under a pressure of 10-11 mm. into benzaldimine. /3-Hydroxy-cr-phenyl- 
acraldehyde is produced by the catalytic reduction of 0-hydroxy-a-phenylacry- 
lonitrile and subsequent hydrolysis of the aldimine obtained thereby, [Rupe, 
Swiss Pat. 120,517, Feb. 5, 1926; Brit. Chem. Abst. , 1930, 51B.] Anisaldehyde is 
readily converted by hydrogen in presence of nickel into anisyl alcohol, transformed by 
the usual methods into p-anisylacetonitrile, which is reduced to /3-p-anisylethylamine. 
[Von Braun, Bahn and Munch, Ber., 1929, 62B, 2766-76; Brit. Chem. Abst ., 1930, 
73A.] Catalytic hydrogenation (pyrophoric nickel) of /3-methylpentane-ory-dicarboxylo- 
nitrile results in the direct production of about 30 per cent of the disubstituted piperi- 
dine, hexahydro-/3-collidine, owing to simultaneous hydrogenation and cyclization. 
[De Montmollin and Martenet, Helv. Chim. Acla t 1929, 12, 604—9; Brit. Chem. Abst., 
1929, 1078A.] The reduction, with nickel as a catalyst, of cyano-ketones and cyano- 
acids gives always the product most suitable for ring formation, if this is at all possible. 
The reduction of ethyl phenylcyanopyroracemate goes as far as the primary amin e 
which splits off ethyl alcohol with closing of the 5-ring to give 4-phenyl-2,3-diketopyr- 
rolidine. Ethyl benzoylcyanoacetate gives ethyl a-benzoylpropionate. Ethyl ben- 
zylidinecyanoacetate gives the half-aldehyde of benzylmalonic acid and a new amin o 
acid, a-benzyl-0-aminopropionic acid. Plupe and Pieper, Helv. Chim. Acta , 1929, 12, 
637-49; Chem. Abst., 1929, 4463.] A mixture of hydrogen and hydrocyanic acid gas 
passed over a hydrogenating catalyst such as a platinum catalyst at a temperature of 
150°-170° forms methylamine. [Barsky, to American Cyanamid Co., U. S. Pat. 
1,736,872, Nov. 26, 1929; Chem. Abst., 1930, 630; Brit. Chem. Abst., 1930, 602B.] 

6340. Reduction of Other — N=C — Linkages. 2-Ethylq/cfohexanone oxime, 
hydrogenated in aqueous alcohol in presence of hydrochloric acid and platinum-black, 
yields 2-ethylcycZohexyl-/3-hydroxylamine. [Vavon and Mitchovitch, Bull. Soc. chim., 
1929, iv, 46, 961-72; Brit. Chem. Abst., 1930, 206A.] Hydrogenation of methyl-p- 
methoxyphenylglyoxime gives an equilibrium mixture of two isomers, methyl-p- 
methoxyphenylfuroxane and methyl-p-methoxyphenylglyoxime peroxide. [Ponzio, 
Gazz . chim. ital., 1929, 69, 713-7; Chem. Abst., 1930, 845.] Catalytic reduction of 
fluorene oxime in acetic acid gives hexahydroaminofluorene. [Nakamura, Proc. Imp. 
Acad. (Japan), 1929, 6, 469-72; Chem. Abst., 1930, 1637.] Catalytic hydrogenation 
of tsonitrosoacetone converts it into irans-2,5-dimethylpiperazine. [Godchot and 
Mousseron, Compt. rend., 1930, 190, 798-800; Brit. Chem. Abst., 1930, 617A.] The 
semicarbazone of l-propyIc^c/opentan-2-one, when hydrogenated in aqueous hydro- 
chloric acid, yields the hydrochloride of l-propylcyc/opentyl-2-semicarbazide. 
CVavon and Flurer, Bull. Soc. chim,. 1929, (iv), 46, 754; Brit. Chem. Abst., 1929, 1290 A.] 
The semicarbazone of 1, 3-dipropylcycZopentan-2-one gives 1, 3-dipropylcyc/opentanyl-2- 
semicarbazide. [/dem, ibid., 1929 (iv), 46, 763; Brit. Chem. Abst., 1929, 1299A.] 
Hydrogenation of laevul-p-toluidide anil, followed by hydrolysis of the product, affords 
l-phenyl-2-methyl-5-pyrrolidone. The p-tolylimide of laevulanilide gives p-toluidine 
and l-p-tolyl-2-methyl-5-pyrrolidonc. [Lukes and Prelog, Coll. Czech. Chem. Comm. 
1929, i, 617-23; Brit. Chem. Abst., 1930, 322A.] Compounds of the typeIi(NHN= 
C#H4 =NOH)i, obtained by the action of benzoquinone monoxime on the dihydrazides 
of various dibasic acids, are reduced by hydrogen and colloidal palladium in normal 
sodium hydroxide solution to give p-aminobenzenehydrazo derivatives, R^NHNHCJI*- 
NHj)j. [Borsche, Mliller and Bodenstein, Ann., 1929, 476, 120-31; Brit. Chem. Abst., 
1929; 1438A.] 

6341. Azoimide. The reducing action of molecular hydrogen on an alkaline solution 
of axoimide in presence of colloidal palladium is very slight, but in acid solution reduc- 
tion takes place to completion with the formation of ammonia and hydrazine. The 
latter product is recognized after separation of the colloidal palladium by dialysis. The 
same result is obtained by the action of nascent hydrogen from zinc or iron and hydro- 
chloric acid. Thee quation HN* + 6H = NHj + NjH 4 is suggested. £Ricca and 
Pirrone, Gazzetta, 1929, 69, 379-84; Brit. Chem. Abst., 1929, 1150A.] 
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6342. Nitrosoamines. Reduction of diphenylnitrosoamine in alcoholic solution in 
presence of palladized calcium carbonate or barium sulphate gives, almost quantita- 
tively, nitrogen and diphenylamine. Nitrosopiperidine gives nitrogen, piperidine and 
piperylhydrazine. Di-n-propylnitrosoamine affords nitrogen, di-n-propylamine and 
di-n-propylhydrazine. p-Nitrosodimethylaniline is hydrogenated to p-aminodi methyl- 
aniline. CPaal and Yao, Ber., 1930, 63B, 57-66; Bril. Chem. Abst ., 1930, 336A.] 

6343. Nitrogen-Heterocyclic Compounds. Piperidine and its homologs are made 
by hydrogenating pyridine and its homologs with hydrogen and a nickel catalyst under 
a pressure of 180-300 lb. per square inch. ^Technical Research Works, Ltd., and Lush, 
Brit. Pat. 309,300, March 31, 1928; Chem. Abst., 1930, 382.] 2-Phenacetylpyridine is 
hydrogenated, with a nickel catalyst, to form 2-phenylhydroxyethylpyridine; on further 
hydrogenation with platinum as catalyst, 2-phenylhydroxyethylpiperidine is formed. 
CBoehringer, Brit. Pat. 312,919, June 1, 1928; Chem. Abst., 1930, 862.] Wibaut and 
Van de Lande have studied the formation of aminopyridine by the action of ammonia 
on pyridine in presence of catalysts. £Rec. trcw. chim., 1929, 48, 1005-9; Brit. Chem. 
Abst., 1929, 1313A.] Catalytic reduction of 2,3-diphenylquinoline gives 2,3-diphenyl- 
1,2,3,4-tetrahydroquinoline-A. [[Plant and Rosser, J. Chem. Soc., 1929, 1861-70; Chem. 
Abst., 1930, 117.] Hydrogenation of tsoquinoline in acetic acid solution at the ordinary 
temperature, using platinum oxide as catalyst, gives tetrahydrowoquinoline. At 100° 
there results decahydrowoquinoline. CRanedo and Vidal, Anal. fis. quim., 1930, 28, 
76-78; Brit. Chem. Abst., 1930, 480A.] l-(4-Methoxybenzyl)-6,7-dimethoxy-3,4- 
dihydrowoquinoline, reduced (paUa<hum) to 6,7-dimethoxy-l-(4-methoxybenzyl)-l,2,3,4- 
tetrahyd^owoquinoline. £H. Kondo and T. Kondo, J. pr. Chem., 1930, ii, 126, 24-52; 
Brit. Chem. Abst., 1930, 794A.] Zelinski and Jurjev have investigated the catalytic 
hydrogenation of l-methylpyrrole and the dehydrogenation of 1-methylpyrrolidine. 
£Ber., 1929, 62B, 2589-90; Brit. Chem. Abst., 1929, 1461A.] According to Craig 
[ [J . Am. Chem. Soc., 1930, 52, 804-808; Brit. Chem. Abst., 1930, 480A] pyrrole is best 
hydrogenated in presence of alcoholic hydrochloric acid and a platinum oxide-platinum- 
black catalyst. 1-Phenylpyrrole is reduced to 1-cycZo-hexylpyrrolidine. Pyrrole and 
substituted pyrroles are reduced in good yields to the corresponding pyrrolidines with a 
platinum oxide catalyst. [T>eJong and Wibaut, Rec. trav. chim., 1930, 49, 237-46; Brit. 
Chem. Abst., 1930, 479 A; Chem. Abst., 1930, 3011.] Indoxyl, naphthindoxyl, their 
homologs and acyl derivatives, are catalytically hydrogenated to obtain dihydroin- 
doxyls. Cl- G. Farbenind. A.-G., Brit. Pat. 326,523, Nov. 6, 1928; Chem. Aqe (Lon- 
don), 1930, 467. See also French Pat. 672,258, Mar. 29, 1929; Chem. Abst., 1930, 
2142.] Reduction of tetramethylpyrazine hydrochloride using a platinum oxide- 
platinum catalyst gives mixture of 0- and y-tetramethylpiperazines. CKipping, J. Chem. 
Soc., 1929, 2889-97; Brit. Chem. Abst., 1930, 223A.] Hydrogenation of 2,5-dimethyl- 
pyrazine in presence of nickel or platinum-black gives £ran$-2,5-dimethylpiperazine. 
CGodchot and Mousseron, Compt. rend., 1930, 190, 798-800; Brit. Chem. Abst., 1930, 
617A.] Hydrogenated over nickel at 170°, octahydrophenazine gives etradecahydro- 
phenazine. In presence of platinum-black, an isomeric tetradecahydtrophenazine is 
obtained. CGodchot and Mousseron, Compt. rend., 1930, 190, 442-3; Brit. Chem. Abst., 
1930, 618A; Chem. Abst., 1930, 3017.] 

6344. Alkaloids and Their Derivatives. ^-Anhydrodihydrolupinine, CioHi*N, is 
obtained by reduction of ^-anhydrolupinine with hydrogen and palladium. Anhydro- 
methyl-lupinine, CuHi*N, is reduced (palladium) to a mixture of anhydrodihydromethyl- 
lupinines, CuHsiN. Anhydrolupinine, under reduction conditions similar to the above, 
yields a mixture of lupinanes, CioH m N, i.e., absorbs four atoms of hydrogen. CGlemo 
and Raper, J. Chem. Soc., 1929, 1927-40; Brit. Chem. Abst., 1929, 1318A.] Reduction 
of disinomenine by hydrogen in presence of colloidal palladium gives tetrahydro- 
disinomenine (CifHuOiN)* Similarly, f-disinomenine yields ^tetrahydrodisinome- 
nine. CGoto, Bull. Chem. Soc. Japan, 1929, 4, 129-32; Brit. Chem. Abst., 1929, 1089A.] 
Reduction of 4-benzyloxy-2-3' : 4'-dimethoxy-etyrylquinoline in presence of palladized 
charcoal, gives galipoline. 4-Methoxy-2-4'-hydroxy-3'-methoxy- and 4-methoxy-2-3'- 



ADDENDA 


887 


bydroxy-4'-mcthoxy-styrylquinoline are reduced catalytically to 4-methoxy-2-/3-4'- 
hydroxy-3'-methoxy- and 4-methoxy-2-/9-3 '-hydroxy-4 '-methoxy-phenyethylquinoline, 
respectively. [Spath and Papaioanou, Monatsh ., 1929, 62, 129-140; Brit. Chem. Abst ., 

1929, 1Q87A.] von Braun and Lemke have described various hydrogenated quinoline 
derivatives obtained by the hydrogenation of cinchonine under pressure in presence of 
reduced nickel. [Ann., 1930, 478, 176-96; Bril. Chem. Abst., 1930, 485A; Chem. Abst ., 

1930, 3242.] Catalytic reduction of nicotine hydrochloride with hydrogen and a plati- 
num oxide-platinum-black catalyst gives a mixture of amines which contain about one 
part of hexahydronicotine to three parts of octahydronicotine. [Windus and Marvel, 
J. Am. Chem. Soc., 1930, 62, 2543.] Reduction of 2 : 6-di(benzoylmethylene) piperidine 
with hydrogen in presence of platinum oxide and pyridine at 40°-50° yields the isomeric 
unsaturated glycols, a (racemic)- and /3(meso)-norlobelanidiene. [Wieland and 
Drishaus, Ann., 1929, 473, 102-118; Brit. Chem. Abst., 1929, 1Q36A.] The amine- 
oxide of methyl 5-deoxydihydro-morphinate is converted by catalytic hydrogenation 
into the corresponding amine. [Speyer and Roell, Ber., 1930, 63B, 539-51 ; Brit. Chem. 
Abst., 1930, 623A.] Hydrogenation of norlobelanine and its derivatives. [Scheuing 
and Winterhalder, Ann., 1929, 473, 126-36; Brit. Chem. Abst., 1929, 1Q86A.] 6-Keto- 
13-vinylhexamorphenol methyl ether is reduced (palladized charcoal) to the octahydro- 
ether. [Cahn, J . Chem. Soc., 1930, 702-5; Brit. Chem. Abst., 1930, 795A.] Speyer 
and Roell describe the action of ozone on hydrogenated bases of the morphine series. 
[Ber., 1930, 63B, 539-51; Chem. Abst., 1930, 3243.] 

6346. Other Heterocyclic Compounds. The di-ethyl ester of chelidonic acid has 
been hydrogenated with platinum oxide to give diethyl hydropyrandicarboxylate and a 
small amount of the 7-hydroxy derivative. Hydrogenation in decalin gives a hydrate 
of the 7-hydroxy hydropyrandicarboxy lie acid ester. [Davila, Ancdes soc. espan. fis. 
quim., 1929, 27, 637-46; Chem. Abst., 1930, 368.] 6-(3,4-Methylenedioxystyryl)-5- 
carbethoxypyronone is hydrogenated in presence of palladium to 6-(3,4-methylenedioxy- 
phenylcthyl)-5-carbethoxypyrononc. [Lampe and Sandrowski, Rocz. Chem., 1930, 10, 
199-210; Brit. Chem. Abst., 1930, 611 A.] Pierce and Parks [J. Am. Chem. Soc., 1929, 61, 
3384-7; Chem. Abst., 1930, 109] have studied the effect of temperature on the reduction 
rate of furfural with the catalyst from PtOj-HjO. 0-2-Furylacraldehyde is reduced with 
hydrogen at 80° and under a pressure of 20 atmospheres in alcoholic solution with a nickel 
catalyst to 2-furfurylacetaldehyde. Similar reduction of a-2-furyl-Aory-hexadien-«-one 
at 100° gives 7-furfurylbutyl methyl ketone. Reduction of furfurylidenemesityl oxide 
at 140°- 150° and under a pressure of 24 atmospheres yields /3-2-tetrahydrofurylethyl 
isobutyl ketone. [Wienhaus and Leonhardi, Ber. Schimmel, 1929, 223-32; Brit. Chem. 
Abst., 1929, 1309A.] 

6346. Terpenes and Terpene-like Substances. Geraniol is reduced exclusively to 
tetrahydrogeraniol by means of platinum-black in alcohol; in ether, some 2,6-dimethyl- 
octane is also formed. [Longinov and Margoliss, Bull. Soc. chim. (4), 1929, 46, 156-67; 
Chem. Abst., 1929, 4441.] Hexahydro-^-ionone has been synthesized according to 
Ishizaka’s method [Ber., 1914, 47, 2453], the only modification being that the hydro- 
genation of the geraniol was carried out at 130° under pressure, a nickel catalyst sup- 
ported on charcoal being used in place of platinum-black. [Heilbron and Thompson, 
J. Chem. Soc., 1929, 889.] Reduction of geraniol with platinum-black gives the reac- 
tions CioH 18 0 — * CioHaoO CioH„0, the former reaction being more rapid than 

the latter. A small amount of ferrous sulphate represses the reaction velocity. Citro- 
nellal adds 1 mol hydrogen to give dihydrocitronellal. Addition of ferrous sulphate 
hinders reduction of the double bond, yielding citronellol, probably containing some 
dihydrocitronellol. A fatigued catalyst may be activated by shaking with air. [Suzuki, 
Chem. News , 1929, 139, 153; Chem. Abst., 1929, 5467.] Dipentene is hydrogenated 
(nickel) at high pressure and temperature to form menthane. [Brit. Pat. 327,924, 
July 7, 1929, to Schering-Kahlbaum A.-G. ; Bril. Chem. Abst., 1930, 604B.] The general 
opinion that on hydrogenation of aliphatic terpenes the double bond 6 is reduced first, 
secondly the functional group, and last the double bond 2, does not hold in all cases. 
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Citronellal is reduced to dihydrocitronellal, in which case the double bond 2 is reduced 
before the aldehyde group. [Sabetay and Blegcr, Bull. Soc. chim. } 1929, 45, 497-8; 
Chem. Abst., 1930, 55.] A 1 :6 -Mcnthenol on reduction by the Sabatier method gives 
a saturated alcohol. Hydrogenation does not take place when other reduction methods 
are used. [Sandborn, Organic Syntheses, 1929, 9, 52-53; Bril. Chcm. Abst., 1929, 
1986A.] Thymol is prepared by treating hydroxy thymol with hydrogen with or with- 
out a solvent in the presence of a hydrogenating catalyst at a high temperature and 
under pressure until 2 atoms of hydrogen are fixed. In addition to a hydrogenating 
catalyst, a surface catalyst such as “ franconite ” may be used. Menthol is obtained 
by continuing the hydrogenation until 8 atoms of hydrogen are fixed. [Schcring- 
Kahlbaum A.-G., French Pat. 604,520, Nov. 23, 1928; Chcm. Abst., 1930, 865. Sec 
also Brit. Pat. 301,087, Nov. 23, 1928; Brit. Chem. Abst., 1930, 302B.] Crude synthetic 
menthol is purified by converting the isomeric alcohols into a mixture of acid esters of a 
polybasic acid such as phthalic acid. The ester mixture is then washed or crystallized 
from a saturated liquid hydrocarbon such as cyclo hexane, methyl-cyriohexane or deca- 
hydronaphthalene. [Howards & Sons, Ltd., and Huggett, Brit. Pat. 325,509, Nov. 19, 
1928; Chem. Age (London), 1930, 398; Brit. Chem. Abst., 1930, 486B.] Catalytic 
hydrogenation of /3-pinene at the ordinary temperature and in the presence of platinum 
yields pinanc identical with that derived from a-pinene. [Lipp and Witgert, Ber., 1930, 
63B, 411-6; Brit. Chem. Abst., 1930, 610A; Chem. Abst., 1930, 3002.] Catalytic reduc- 
tion of pulegone with reduced nickel and hydrogen at 8 to 20 atmospheres* pressure 
and a temperature of 150° gives a colorless liquid of boiling point 90°-100° at 16 mm. 
[Gonzdlez, Ancdes soc. espah. fts. quim., 1930, 28, 247-61; Chem. Abst., 1930, 2739.] 
a-Anisylidenepulegone is hydrogenated in presence of palladized charcoal to p-methoxy- 
benzylmcnthone. Piperonylidenepulegone is reduced similarly to 3,4-methylenedioxy- 
bcnzylmenthone; furfurylidenepulegone to tetrahydro-a-furfurylmenthone; and cin- 
namylidenepulegone to 7-phenylpropyImenthone. [Thoms and Soltner, Arch. Pharm ., 
1930, 268, 157-66; Brit. Chem. Abst., 1930, 610A; Chem. Abst., 1930, 3235.] Read, 
Waters, Robertson and Hughesdon [«/. Chem. Soc., 1929, 2068] have pointed out certain 
interesting features connected with the hydrogenation of piperitone. a>-Acetylcam- 
phene is reduced by hydrogen in presence of spongy platinum to acetylisocamphane. 
[Lipp and Quaedvlieg, Ber., 1929, 62B, 2311-22; Brit. Chem. Abst., 1929, 13Q8A.] 
Blackie describes the hydrogenation of dacrene and isodacrene with a platinum catalyst . 
[J. Soc. Chem. Ind., 1930, 26T.] Catalytic reduction of elemol and its derivatives. 
[Ruzicka and van Veen, Ann., 1929, 476, 70-112; Brit. Chem. Abst., 1929, 1458A.] 
Wienhaus and Scholz have studied some new crystalline compounds from essential oils 
and have prepared various hydrogenated derivatives from them. [Rer. Schimmel, 1929, 
267-82; Brit. Chem. Abst., 1929, 1308A.] Waterman, Dewald and Tullcnera have 
carried out the hydrogenation of rubber. [ Erdol u. Tecr, 1929, 22, 403-4; Chem . 
Abst., 1929, 5349.] The importance of hydrogenation in the perfume industry is noted 
by Gerhard t. [ Riechstoffind ., 1929, 4, 156-8; Chem. Abst., 1930, .'1321.] 

6347. Hydrogenation of Sterols, ct- and 0-Dihydroergosterol absorb 1 mol of 
hydrogen in presence of palladium and give a-ergostcnol. a- and 0-Ergostadienonc 
absorb 2 mols and give a-ergostenol. [Heilbron, Johnstone and Spring, J. Chen 1 . Soc., 
1929, 2248-55; Brit. Chem. Abst., 1929, 1443 A.] Hydrogenation of either a*- or 0-isoergo- 
sterol gives a-ergosterol, 4 atoms of hydrogen being absorbed. [Heilbron and Spring, 
J. Chem. Soc., 1929, 2807-10; Chem. Abst., 1930, 1388.] The acetate of u-ergostadienol, 
(C17H44O), is hydrogenated (platinum) to give the acetate of u-ergostanol, (C 27 H4sO), 
Likewise, u-ergostatrienol is converted into u-ergostanol. [Windaus and Auhagen, 
Ann., 1929, 472, 185-94; Brit. Chem. Abst., 1929, 1065A.] Windaus, Bergmann and 
Liittringhaus describe the hydrogenation of various derivatives of ergosterol peroxide. 
[Ann., 1929, 472, 195-201; Brit. Chem. Abst., 1929, 1065A.] Dihydrodehydroergo- 
stcrol (crgosterol-F) is reduced by platinum and hydrogen in acetic acid to atlo-a- 
ergosterol acetate. [Windaus, Bergmann and Butte, Ann., 1930, 477, 268-78; Brit. 
Chem. Abst., 1930, 338A]. Reduction of ergotetraene~B with hydrogen in presence of 
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platinum-black and acetic acid at 70° and 150 atmospheres gives a saturated hydrocar- 
bon, Ci 7 Hi8. Similar reduction of ergotetraene-A gives an ill-defined, unsaturated sub- 
stance. Qtygh, Z. physiol. Chem. 1929, 186, 99-104; Brit . Chem. Abst., 1930, 203A.] 
Reduction of neoergoeteryl acetate with hydrogen in presence of platinum and acetic 
acid affords a hydrocarbon, CJ 7 H 44 . CBonstedt, Z. physiol. Chem., 1929, 186, 165-168; 
Brit. Chem. Abst., 1930, 84A.] Zymosterol is reduced (palladium) to dihydrozymo- 
sterol. CHeilbron and Sexton, J. Chem Soc ., 1929, 2255-7; Brit. Chem. Abst., 1929, 
1443A. See also Rcindel and Weickmann, Ann., 1929, 476, 85-100; Chem. Abst., 
1930, 624 J Isocholcstcrol is not readily reduced by hydrogen and palladium at room 
temperature. CDrummond and Baker, J. Soc. Chem. Ind., 1929, 48, 232-8T; Chem. 
Abst., 1929, 5339-40.] Cholosterilene, when reduced with hydrogen and palladium, 
gives a mixture of cholcstane and ^-cholestane. CBoee and Doran, J. Chem. Soc., 
1929, 2244-8; Brit. Chem. Abst., 1929, 1432 A.] Schonheimer, von Behring and 
Hummel have investigated the hydrogenation of cholesterol in the organism. £NcUur- 
um, 1930, 18, 156; Brit. Chem. Abst., 1930, 493A.] Heilbron and Spring point out 
the relation between the color reactions and absorption spectra of sterols and their 
structure. CJ. Soc. Chem. Ind., 1929, 48, 1113. CJ. Biochem. J ., 1930, 24, 133-5; 
Brit. Chem. Abst., 1930, 597 A.] 

6348. Miscellaneous Complex Compounds. The dihydro-compound of p'-methyl- 
chalcone has been prepared by means of hydrogen and colloidal palladium in alcoholic 
solution. CStobbe and Bremer, J. pr. Chem., 1929, ii, 123, 1-60; Brit. Chem. Abst., 
1929, 1179A.] Trimethylphloretin is obtained by catalytic reduction of 6-hydroxy- 
4',2',4-trimethoxychalcone. CWessely and Sturm, Monatsh., 1929, 63 and 64, 554-61; 
Chem. Abst., 1930, 371.] Perhydrobixin is obtained by hydrogenation of bixin in 
presence of platinum oxide-platinum-black. £Kuhn and Ehmann, Helv. Chim. Acta, 
1929, 12, 904-915; Brit. Chem. Abst., 1929, 1456A.] LaForge and Smith CJ. Amer. 
Chem. Soc., 1929, 61, 2574-81] have found that in the reduction of rotenone with 
hydrogen (1 mol) in presence of palladized barium sulphate and acetone or platinum 
oxide and ethyl acetate, both dihydrorotenone and an acid, C«Hj 40 8 , are formed. 
Both of these compounds may be converted by further hydrogenation into the same 
acid, CijHjeOfl. £See also LaForge and Smith, ibid., 1930, 62, 1088-98.] Catalytic 
reduction of worotenone gives the compound, CtiH ss O§. Catalytic reduction of rotenic 
acid, obtained by the action of alcoholic-potash on worotenone, gives dihydrorotenic 
acid. CButenandt and Hildcbrandt, Ann., 1930, 477, 245-68; Chem. Abst., 1930, 
1641; Brit. Chem. Abst., 1930, 478A.] Pellitorine, when hydrogenated in methyl 
alcohol in presence of palladized charcoal, absorbs four atoms of hydrogen and gives 
tctrahydropellitorine, which has been shown to be n-dcco-wo-butylamide. [Gulland 
and Hopton, J. Chem. Soc., 1930, 6.] Catalytic hydrogenation of porphyrins and 
chlorophyll compounds in glacial acetic acid by means of Adams’ platinum oxide catalyst 
leads to leuco-compounds. The number of moles of hydrogen absorbed is three to four. 
CConant and Hyde, J. Amer. Chem. Soc., 1930, 62, 1233-9.] Methyl vouacapenate, a 
crystalline ester obtained from the wood of Vouacapoua americana , gives a tetrahydro- 
derivative when reduced with hydrogen and platinum oxide or platinum-black. 
tSpelstra, Rec. trav. chim., 1930, 49, 225-36; Chem. Abst., 1930, 3001.] Catalytic 
reduction of santonin yields a mixture of di- and tetrahydrosantonin. ^Wedekind, 
Gooet and Jackh, Bcr., 1930, 63B, 50-6; Brit. Chem. Abst., 1930, 347A.] Phytol is 
reduced with hydrogen and platinum oxide in absolute alcohol to dihydrophytol. CKuhn 
and Suginome, II civ. Chim. Acta, 1929, 12, 915-9; Chem. Abst., 1930, 338.] Fischer 
and Lowenberg describe the synthesis of phytol by hydrogenation reactions. CAnn., 
1929, 476, 183-204; Chem. Abst., 1930, 595.] Dehydronorcholene by catalytic hydro- 
genation yields dehydronorcholane, (C«H M ). CWieland and Wiedereheim, Z. physiol. 
Chem., 1930, 186, 229-36; Brit. Chem. Abst., 1930, 473A.] Triacetylsphingosine, when 
ozonized in acetic acid and the product subjected to catalytic reduction with palladium 
and hydrogen, yields myristic acid and myristic aldehyde. CKlenk, Z. physiol. Chem., 
1929, 186, 169-82; Chem. Abst., 1930, 859-60.] Famesol has been hydrogenated 
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(nickel supported on charcoal) to hexahydrofarnesol. CHeilbron and Thompson, 
J. Chem. Soc., 1929, 889-90.] Hydrogenation of methyl anhydro-^-wodigjtoxigenate 
gives the monomethyl ester of y-digitoxanol-diacid. Methyl wodigitoxigenate could 
not be hydrogenated. ^Jacobs and Gustus, J. Biol. Chem. y 1930, 86, 199-216; Brit. 
Chem. Abst., 1930 , 749A.] 

6349 . Nuclear Hydrogenation. Salicylic acid, when reduced in alcoholic solution 
with platinum-black and hydrogen at room temperature, yields l-hydroxy-cycZohexane- 
2-carboxylic acid. Acetylsaiicylic acid gives hexahydrobenzoic acid and acetic acid; 
phenyl salicylate, dodecahydrosalol; m-hydroxybenzoic acid, cw-3-hydroxycycZohexane- 
1-carboxylic acid; and p-hydroxybenzoic acid, cw-4-hydroxycycfohexane-l-carboxylic 
acid. [Balas and Srol, Coll. Czech. Chem. Comm ., 1929, 1, 658-67; Bril. Chem. Abst., 
1930 , 212A.] Aromatic esters are hydrogenated in presence of nickel at 30-40 atmos- 
pheres and at 120°-150° C. The preparation of the following is described: ethyl 
hexahydrobenzoate; ethyl cycJohexylacetate; methyl hexahydrosalicylate; ethyl hexa- 
hydrophthalate; methyl hexahydroterephthalate; ethyl 5:6: 7: 8-tetrahydro-l-naph- 
thoate; ethyl 5:6:7: 8-tetrahydro-3-hydroxy-2-naphthoate, and ethyl 5 : 6 : 7 : 8- 
tetrahydro-3-amino-2-naphthoate. £1. G. Farbenind. A.-G., Brit. Pat. 286,201, January 
7, 1929; Bril. Chem . Abst., 1930 , 136B.] Catalytic reduction of the isomeric forms of 
ethyl l,2-dimethylhicycZohexane-4,5-dimalonate gives the two isomeric ethyl 1,2-di- 
methycycJohexane-4,5-dimalonates. ^Cawley, Evans and Farmer, J. Chem. Soc., 1930 , 
522-30; Chem. Abst., 1930 , 2716.] CycZohexadiene and acraldehyde combine at 
100° to give 2 : S-endoethylene-AMetrahydrobenzaldehyde, which is reduced by hydro- 
gen in presence of colloidal palladium and alcohol to 2 : 5-endoethylenehexahydro- 
benzaldehyde. CtycZohexadiene and dibromomaleic anhydride give 1 : 2-dibromo- 
3 : O-endoethylene-A^tetrahydrophthalic anhydride, converted by hydrogen into 3 : 6- 
endoethylene-A^tetrahydrophthalic anhydride. Reduction of cts-3 : 6-endoethylene- 
AMetrahydrophthalic acid affords cts-3 : 6-endoethylenehexahydrophthalic acid. Cycle- 
pentadiene and dibromomaleic anhydride condense in ether, forming 1 : 2-dibromo- 
3 : O-endomethylene-A^-tetrahydrophthalic anhydride. Catalytic reduction of the 
latter compound (platinum-black) affords 3 : 6-endomethylene-A l -tctrahydrophthalic 
anhydride. CDicls and Alder, Ann ., 1930, 478 , 137-54; Brit. Chem. Abst.y 1930 , 
472A; see also Diels and Alder, Brit. Pat. 300,130, Nov. 5, 1928, to the I. G.; Bril. 
Chem. Abst.y 1930 , 549B.] With a platinum-oxide catalyst phenylacetaldehyde di- 
n-propylacetal gives hexahydrophenylacetaldehyde di-n-propylacetal. Cinnamaldehyde 
diethylacetal gives 0-phenylpropaldehyde diethylacetal. Benzaldehyde diethylacetal 
gives a mixture of hexahydrotoluol, hexahydrobenzyl ethyl ether and hexahydrobenzyl 
alcohol. CSigmund, Monatsh., 1929, 63 and 64 , 607-19; Brit. Chem. Abst.y 1929 , 
1449A.] 6-Carboxy-3-methyl-cw-A 6 -tetrahydrophthalic acid (palladium) gives 6-car- 
boxy-3-methyl-cw-hexahydrophthalic acid. ^Farmer and Warren, J. Chem. Soc., 

1929 , 906-7.] Norton recommends hexahydrophthalide as the pressure transmitting 
medium in a system for hydraulic power transmission. £U. S. Pat. 1,764,032, June 17, 

1930, assigned to Selden Co.] Crude benzol in the presence of molybdenum sulphide 
and cobalt oxide at 300° and under 60 atmospheres' pressure may be treated with hydro- 
gen for both desulphuration and hydrogenation. £ I . G. Farbenind. A.-G., Brit. Pat. 
315,349, Jan. 14, 1928; Chem. Abst.y 1930 , 1734; Brit. Chem. Abst.y 1929 , 804B.] 
J-Hexahydrophenylalanine is prepared by the catalytic reduction (platinum) of Myrosine 
in presence of dilute hydrochloric acid. [Karrer and Kehl, Helv. Chim. Acta , 1930, 13 , 
50-63; Brit. Chem. Abst., 1930 , 339A.] The action of cyclohexane and its derivatives 
on organic compounds in the presence of aluminum chloride. CBodroux, Ann. chim., 
1929, (10), 11 , 511-82; Chem. Abst., 1929 , 4936.] Free amino-bases are hydrogenated 
in the liquid phase at 270°-300° under about 100 atmospheres’ pressure in presence of 
reduced nickel or cobalt. Toluidines and xylidines give cyctohexylamines, and 0-naph- 
thylamine yields 50 per cent of ar- and 30 per cent of oc-tetrahydro-0-naphthylamine. 
CL G. Farbenind. A.-G., Brit. Pat. 290,175, May 7, 1928; Brit. Chem. Abst., 1929 , 888B.] 
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For the liquid phase hydrogenation of arylamines such as ethylaniline or o-toluidine, the 
nickel or cobalt catalyst is mixed with sodium carbonate or calcium oxide. Cl. G. 
Farbenind. A.-G., Brit. Pat. 295,033, Aug. 1, 1928; Bril. Chem. Abst ., 1930, 275B.] 
Hexahydroaniline. [Lommel and Goose, Ger. Pat. 481,984, Nov. 27, 1926. See Can. 
Pat. 283,752.] l-Benzyl-4-piperidone hydrochloride, when reduced in 95 per cent 
alcohol with Adams* platinum oxide-platinum-black catalyst and hydrogen at 2 to 3 
atmospheres* pressure gives l-benzyl-4-piperidine hydrochloride. Under the same 
conditions l-phenyl-4-pipcridone hydrochloride forms l-cycfohexyl-4-piperidine hydro- 
chloride; that is, there is a simultaneous nuclear hydrogenation of the phenyl-group. 
[Bolyard, J. Amer. Chem. Soc., 1930, 52, 1030; Brit. Chem. Abst., 1930, 786A.] The 
action of oxygen on 1,4-dimethylcycZohexane. CChavanne and Bode, J . Am. Chem. 
Soc., 1930, 62, 1609-22; Bril. Chem. Abst., 1930, 768A.] 

6350. Naphthalene Derivatives. ar-Tetrahydronaphthylamincs are prepared by 
hydrogenation of acylated naphthylamines and saponifying the products to obtain the 
free base. [Leopold Cassella & Co., G.m.b.H. (Klingermann, Korten, Lommel and 
Goose, inventors), Ger. Pat. 479,401, Oct. 11, 1925; Chem. Abst., 1929, 4710.] Naph- 
thol esters are catalytically hydrogenated to obtain ar-tetrahydronaphthol esters. The 
catalyst is a base metal, e.g., nickel, and an organic solvent such as tetra- or deca- 
hydronaphthalene may be added. £1. G. Farbenind. A.-G., Brit. Pat. 326,762, Nov. 16, 
1928; Chem. Age (London), 1930, 493. See also French Pat. 644,408, Nov. 21, 1928; 
Chem. Abst., 1930, 862.] A method of separating the isomeric decahydronaphthols 
consists in obtaining fractions rich, respectively, in the cis- and trans-forms, converting 
them into the corresponding phthalic or oxalic acid esters, separating, and reconverting 
to the hydronaphthol. [J. D. Riedel-E. de Haen A.-G., Hiickel, inventor, Ger. Pat. 
485,715, Oct. 15, 1926; Chem. Abst., 1930, 1121.] Reduction of frans-a-ketodeca- 
hydronaphthalene with hydrogen in presence of acetic acid, colloidal platinum, chloro- 
platinic and hydrochloric acids at 50°, gives a irans-a-decahydronaphthol. [Hiickel, 
Neunhoeffer, Gercke and Frank, Ann., 1929, 477, 99-160; Brit. Chem. Abst., 1930, 
206 A.] Reduction of 5,8-diacetoxy-l,4-dihydronaphthalene (colloidal palladium) gives 
5,8-diacetoxy-l,2,3,4-tetrahydronaphthalene. [Diels, Alder and Stein, Bex., 1929, 
62B, 2377-72; Brit. Chem. Abst., 1939, 1303A.] When hydrogenated under pressure 
dihydroxydinaphthyl- and phenyldihydroxydinaphthyl-methancs are converted into the 
corresponding xanthenes by elimination of water, the xanthene subsequently under- 
going further hydrogenation and yielding, by fission of the molecule in two directions, 
hydrogenated naphthalenes or naphthols. [Ipatiev and Dolgov, Bull. Soc. chim., 
1929, iv, 45, 950-61; Brit. Chem. Abst., 1930, 210A.] Naphthostyril is treated with 
hydrogen under pressure in the presence of decahydronaphthalene and a hydrogenation 
catalyst, such as nickel, to obtain tctrahydronaphthostyril. [Schlichenmaier and Kross, 
to General Aniline Works, U. S. Pat. 1,742,322, Jan. 7, 1930; Chem. Abst., 1930, 1121.] 
0-Methylnaphthaquinone, dissolved in glacial acetic acid and in presence of platinum 
oxide, gives 2-methyl-l,4-dihydroxynaphthalene. [Madinaveitia and deBurnaga, 
Anales soc. espaH. fls. quim., 1929, 27, 647-58; Chem. Abst., 1930, 358.] In the course 
of a study of the behavior of aromatic halogenated ethylenes toward sodium, Blum 
[Ber., 1929, 62B, 881-93; Chem. Abst., 1929, 3920] treated (C 6 H 6 ),C=CHBr in ether 
with sodium powder and on hydrolysis of the resulting product obtained a hydrocarbon, 
CftHf*, which proved to be l,2,4-triphenyl-l,4-dihydronaphthalene. It takes up 
2 atoms of hydrogen on catalytic hydrogenation and forms chiefly the tetrahydro- 
naphthalenc derivative. 

6351. Industrial Hydrogenation of Naphthalene. Schrauth describes a process for 
hydrogenating napthalene. The hydrocarbon, preliminarily freed from catalyzer 
poisons, is treated with hydrogen at a temperature of 150° to 200° in the presence of a 
mixture of hydrogenation catalytic metal compounds such as nickel and cobalt salts. 
[U. S. Pat. 1,733,908, Oct. 29, 1929, to Newport Mfg. Co.; Chem. Abst., 1930, 382.] 
Naphthalene is vaporized and purified by the action of sodium. It is hydrogenated 
without intermediate condensation. [Schrauth and Schroetter, U. S. Pat. 1,733,909; 
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Chem. Abst., 1930, 382.] Naphthalene, without being previously sulphurized, is treated 
with sodium under a high pressure of hydrogen (e.g., 100 atmospheres) at over 300° to 
produce hydronaphthalenes. [I. G. Farbenind. A.-G., Ger. Pat. 488,759, Dec. 3, 1921; 
Chem. Abet., 1930, 2142.] Mixtures of sodium and potassium, for example, NaK or 
NaKj, are more active catalysts than the single metals for hydrogenation of naphthalene. 
[French Pat. 609,786, April 28, 1925, to Comp, de Prod. Chim. et Electrometallurg. 
Alais, Froges, & Camargue; Brit. Chem. Abet., 1930, 410B.] Tetrahydronaphthalene 
in pure form is obtained by hydrogenating naphthalene in the vapor phase under con- 
ditions precluding any condensation. A nickel catalyst is used. [Technical Research 
Works, Ltd., and Lush, Brit. Pat. 304,403, Nov. 4, 1927; Chem. Abet., 1929, 4713.] 
Aromatic hydrocarbons are hydrogenated at temperatures above 350° in the presence 
of catalysts immune from sulphur poisoning and under conditions more strenuous than 
those required only for the purification of the crude material from the sulphur it con- 
tains. [Brit. Pat. 322,445, Sept. 3, 1928, to I. G. Farbenind. A.-G.; Chem. Abst., 1930, 
2755. See also French Pat. 667,241, Jan. 11, 1929; Chem. Abst., 1930, 1119.] Schrocttcr 
describes the purification of naphthalene prior to hydrogenation by heating it with 
an alkali metal, finely divided iron or nickel, or fuller’s earth. [U. S. Pat. 1,763,410, 
June 10, 1930, to Newport Mfg. Co.] Naphthalene, in molten condition, is atomized 
by a blast of a gas such as air in order to effect fractional crystallization from the 
resulting mixture. [Derby and Davis, U. S. Pat. 1,727,052, Sept. 3, 1929; Chem. 
Abst., 1929, 5193.] 

6362. Reactions of Hydrogenated Naphthalenes. Tetrahydronaphthalene and ethyl- 
ene react under pressure at 100° C. in the presence of aluminum chloride to yield oily 
bodies. [Michel, U. S. Pat. 1,741,742, Dec. 31, 1929, and Reissue 17,548, Dec. 31, 

1929. See also U. S. Pat. 1,766,344, June 24, 1930, to the I. G.] Naphthalene or 
tetrahydronaphthalene may be condensed with propylene and higher olefines in presence 
of aluminum chloride. [Brit. Pat. 295,990, Aug. 1, 1928, to the I. G. Addn. to Pats. 
265,601 and 273,665. Brit. Chem. Abst., 1930, 276B.] Other partly hydrogenated 
isocyclic polynuclear hydrocarbons such as acenaphthenc, phenanthrene or anthracene 
may be condensed with olefine in presence of catalysts of the Friedel-Crafta type. 
[Brit. Pat., 323,100, Dec. 3, 1928, to the I. G.; Chem. Age (London), 1930, 182; Chem. 
Abet., 1930, 2758.] The condensation products may be used in varnishes. [French 
Pat. 676,508, June 11, 1929, to the I. G.; Chem. Abst., 1930, 3122.] Zelinski and 
Turova-Pollak describe the behavior of cis - and trans-de calin toward bromine and 
aluminum bromide. [Ber., 1929, 62B, 1658-63; Chem. Abst., 1930, 105.] Tetralin 
and palladium-black reduce cinnamic acid, oleic acid, eugenol and coumarin to hydro- 
cinnamic acid, stearic acid, hydroeugenol and hydrocoumarin, respectively, the first 
three at 115°-120° and the last in boiling toluol. [Akabori and Suzuki, Proc. Imp. 
Acad., Japan, 1929, 6, 255-6; Chem. Abst., 1929, 4671.] Decalin and tetralin have 
been subjected to a cracking process in a modified Rittman apparatus at different pres- 
sures and temperatures. [Butkov, Neftyanoe Khozyaistvo , 1928, 16, 674-8; Chem. 
Abst., 1929, 4333.] Treatment of decalin with hydrogen under high pressure results 
in a mixture of naphthenes, probably substituted derivatives of cyc/ohexane. [Ipatiev, 
Orlov and Lukhachev, J. Russ. Phys.-Chem. Soc., 1929, 61, 133&-43; Chem. Abst., 

1930, 1730.] Hydrolysis of naphthenic acids at elevated temperatures and cracking 
under pressure of hydrogen. [Ipatiev and Petrov, Zhur. Frikladnoi Khim., 1929, 2, 
327-35; Chem. Abst., 1929, 4453. Cf. Ber., 1930, 63B, 32&-31; Chem. Abst., 1930, 2732.] 
A 9:10 -Octahydronaphthalene. [Nametkin and Glagolev, J. Russ. Phys.-Chem. Soc., 
61, 535-40, 1929; Chem. Abst., 1929, 4465. See also Hlickel, Danneel, Schwartz and 
Gercke, Ann., 1929, 474, 121-44; Brit. Chem. Abst., 1930, 76A.] 

6363. Uses of Hydrogenated Naphthalenes. For the recovery of volatile solvents, 
Br6geat prefers tetralin for solvents immiscible with water. As an absorbent for benzol 
it has the advantage that it does not resinify or increase in viscosity. [Hock, Inst. 
Chem. Eng., Dec. 6, 1929, 43-6; Brit. Chem. Abst., 1930, 39B.] For the extraction of 
acetic acid from its aqueous solutions Suida [Brit. Pat. 303,494, Jan. 5, 1928; Chem. 
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Abst., 1929, 4711] uses a mixture of a base such as quinoline or dimethylaniline and a 
hydrocarbon material such as hydrogenated naphthalene and oils obtained from the 
destructive hydrogenation of coal. Jellies have been prepared by dispersing palmitates, 
stearates, oleates, ricinoleates, and linoleates in tetrahydronaphthalene and decahydro- 
naphthalene. £Da Fano, Ind. olii min. e ffrassi , 1929, 9, 105-8; Chem. Abst ., 1929, 
5386.] Tetralin has been suggested as a surface-tension-reducing agent in the destruc- 
tive hydrogenation of coal. £Brit. Pat. 309,228, Oct. 3, 1927, to the I. G.; Chem. Abst., 
1930, 490.] In a study of the low-temperature carbonization of coal in the presence 
and absence of tetrahydronaphthalene, Kreulen has found that the yields of coke, tar, 
liquor, and gas, and the quality of the coke, were the same as obtained by carbonizing 
the coal directly. C Brennstoff-Chem ., 1929, 10, 382-3; Brit. Chem. Abst., 1929, 966B.] 
A transparent potassium soft soap may be mixed with decahydronaphthalene and 
methanol at 60° to form a cleaning agent. [Von Schwarzenstein, Swiss Pat. 133,808, 
Sept. 30, 1927 ; Chem. Abst., 1930, 1759.] Soap emulsions of the acetyl, benzoyl, and 
crotonaldehyde derivatives of hydrogenated naphthalene are stated to be better insecti- 
cides, etc., than hydrogenated naphthalene itself. £J. D. Riedel A.-G., Ger. Pat. 
453,193, Oct. 11, 1924; Brit. Chem. Abst., 1930, 298B.] Tetrahydronaphthalene 
sulphonic acid is recommended for use as tanning and wetting agents. fBrit. Pat. 
302,938, Dec. 22, 1928, to the I. G. See also Daimler and Balle, Ger. Pat. 459,045, 
July 23, 1924, to the I. G.; Brit. Chem. Abst., 1930, 548B.] Tetrahydronaphthalene 
is added to ordinary gasoline in proportions of about one ounce per five gallons in order 
to lessen carbon formation from its use in internal combustion engines. CFessler, U. S. 
Pat. 1,749,244, March 4, 1930; Chem. Abst., 1930, 2285.] A mixture of potassium 
hydroxide, coal tar bases, and hydrogenated hydrocarbons has been suggested for 
extracting the impurities from crude anthracene. CBrit. Pat. 319,762, Sept. 29, 1928, 
to Rutgerswerke A.-G. and Kahl; Chem. Abst., 1930, 2582.] “ Hydrated ” naphtha- 
lene is subjected to electrical discharges and the product is used in varnishes. 
CBecker, U. S. Pat. 1,754,186, April 8, 1930; Chem. Abst., 1930, 2622.] Tetralin is 
used as a thinner in printing inks containing cellulose esters or ethers and rubber. 
C Morris, Brit. Pat. 320,410, July 13, 1928; Chem. Abst., 1930, 2622.] 

6364. Anthracene and Derivatives. Complete reduction of 1-hydroxyanthracene 
gives octahydroanthraccnc. Intermediate compounds arc 1 -hydroxy-9, 10-di hydro-, 
l-keto-l,2,3,4-tetrahydro-, and l-hydroxy-l,2,3,4-tetrahydro-anthracene. 2-Hydroxy- 
anthracene gives analogous compounds. 1-Aminoanthracene gives 1-amino- 
1,2,3,4,5,6,7,8-octa- and l-amino-5,6,7,8-tetrahydroanthracene. [Von Braun and Bayer, 
Ann., 1929, 472, 90-121; Brit. Chem. Abst., 1929, 1Q57A.] Anthraquinone derivatives 
are reduced by treating them in a non-acidic medium with hydrogen at high temperatures 
and pressures and in presence of the usual base metal hydrogenating catalysts. The 
reaction occurs in steps. When anthraquinone is reduced, anthrone or anthranol is 
formed as the first phase in practically quantitative yield. In the second phase, tetra- 
hydroanthranol is formed and further hydrogenation gives octahydroanthranol. The 
final product is octahydroanthracene. Cvon Braun and Bayer, U. S. Pat. 1,751,670, 
March 25, 1930, to General Aniline Works, Inc. See also U. S. Pats. 1,758,381 and -2 
May 13, 1930; Chem. Abst., 1930, 3248.] Reduction of AM-etrahydroanthraquinone 
in presence of colloidal palladium yields 1,2,3,4-tetrahydroanthraquinone. CDiels, 
Alder and Stein, Ber., 1929, 62B, 2337-72; Brit. Chem. Abst., 1929, 1303A.] Crude 
anthracene is purified by extracting the impurities by means of tetrahydrofurfuryl 
alcohol. [^Norton, U. g. p a t. 1,764,031, assignor to Scldcn Co., June 17, 1930.] Crude 
anthracene is heated at high temperature under pressure by the Bergius process and the 
volatile products are mixed with benzine to obtain an “ anti-knock ” motor fuel. 
[^French Pat. 630,326, March 5, 1927, to Soc. Internat. des Combustibles Liquidcs, 
assees. of Deutsche Bergin-A.-G. f. Kohle u. Erdolchem. ; Brit. Chem. Abst., 1930, 48B.] 
6366. Other Poly-Nuclear Compounds. The pressure hydrogenation product of 
fluorene (which, in addition to the true perhydride, always contains a mixture of its 
cleavage products) has been subjected by Orlov and Bclopolski to berginization at 380° 
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under 70-5 atmospheres’ initial hydrogen pressure. The light fraction of the product 
(up to 150°) contains a mixture of monocyclic naphthenes and another fraction gives 
indications of the presence of bicyclic naphthenes. £Ber., 1929, 62B, 1226-34; Chem. 
Abst., 1929, 4465. C/., J. Rusa. Phya. Chem . Soc., 1929, 61, 1267-77; Bril. Chem. 
Abst ., 1930, 331 A.] In conformity with the conclusions drawn from the earlier work 
of Orlov and his associate Lichachev, chrysene heated under hydrogen pressure has 
been found to give phenanthrene and its tetrahydride and also benzene, its homologs 
and hydrides, and naphthalene hydrocarbons. £Ber., 1929, 62B, 719-22; Chem . Abst., 
1929, 3926; see also Ber ., 1929, 62B, 710.] 1,1-Diphenylhydrindene, obtained by 
catalytic reduction of 1,1-diphenylindene. ^Gagnon, Ann. chim. 9 1929, x, 12, 290-343; 
Brit. Chem. Abst. t 1930, 90A]. Chloroindane, by the chlorination and hydrogenation of 
the indene from coal tar. CGer. Pat. 492,510, March 28, 1926, to Comp. Nationale de 
Matifcres colorantes et manufactures de produits chimiques du Nord r&mies, Etab. 
Kuhlmann; Chem. Abat. 9 1930, 2474.] Zclinski and Semiganovski describe the distilla- 
tion of rosin acid in presence of aluminum chloride. An oil capable of being hydro- 
genated over platinum is obtained. C Ber. 9 1929, 62B, 2202-5.] Reduction of pimaric 
acid with hydrogen in presence of colloidal platinum and acetic acid at 60° yields a 
dihydropimaric acid, C* 0 H M O*. CBalas and Brz&k, Coll. Czech. Chem. Comm., 1929, 1, 
352-59; Brit. Chem. Abst. 9 1929, 1076A.] Reduction (platinum and hydrogen) of 
d-pimarol gives dihydro-d-pimarol. CBalas, Cosopia Ceakoalov. Lek. 9 1927, 7, 320-38; 
Chem. Zentr., 1929, i, 2530-2531; Brit. Chem. Abst., 1929, 1499A.] Staudinger and 
his collaborators have studied the hydrogenation of various highly polymerized com- 
pounds. Polyindene. ^Staudinger, Johner, Schiemann and Wiedersheim, Helv. Chim. 
Acta, 1929, 12, 962.] Polystyrene. ^Staudinger and Wiedersheim, Ber. 9 1929, 62B, 
2406-11; Brit. Chem. Abst. f 1929, 1287A.] Caoutchouc, gutta-percha and balata. 
CStaudinger, Ber., 1930, 63B, 921-34; Brit. Chem. Abat. 9 1930, 782A.] 

6366. Phenols and Phenolic Compounds. The reaction equilibrium resulting from 
the thermal decomposition and from the reduction with hydrogen and with carbon of 
phenol and m-cresol is treated thermodynamically by Hagemann. £Z. angew. Chem. 9 
1929, 42, 503-8; Chem. Abst. 9 1929, 5402.] Aromatic hydrocarbons are prepared from 
vaporized phenols by the action of hydrogen at high temperatures. One of the reacting 
gases is heated to the required high temperature and then allowed to mix with the other. 
CIrinyi, Ger. Pat. 481,732, June 13, 1924; Chem. Abst. 9 1929, 5193.] o-Ethylphenol, 
in acetic acid and in presence of platinum-black, affords a mixture of eta- and trans- 2- 
ethylct/cJohexanols. [Vavon and Mitchovitch, Bull. Soc. chim. t 1929, iv, 46, 961-72; 
Brit. Chem. Abst. t 1930, 206A.] Reduction of 2-hydroxydiphenyl by Adams’ method 
gives cw-2-ct/cZohexylc2/cfehexanol. CHiickel, Neunhoeffer, Gercke and Frank, Ann. 9 
1929, 477, 99-160; Brit. Chem. Abst., 1930, 206 A.] von Braun and collaborators have 
studied the diphenylmethane derivatives obtained by condensation of ketones with 
aromatic amines and phenols. They describe a number of hydrogenation reactions. 
£von Braun, Anton, Hacnsel and Werner, Ann. f 1929, 472, 1-89; Brit. Chem. Abst., 
1929, 1058-61A.] Alkylisopropylenephenols and alkylcoumaranes are obtained by the 
thermal decomposition of condensation products prepared from m- and p-c resol and 
aliphatic ketones, in the presence of a metal hydrogenation catalyst. CChemisch 
Fabrik auf Actien vorm. E. Schering and Jordan, Brit. Pat. 306,051, Aug. 15, 1927; 
Chem. Abst., 1929, 4949; Jordan, U. S. Pat. 1,679,664, Aug. 7, 1928; Brit. Chem. 
Abst., 1930, 135B; Brit. Pat. 293,001, June 23, 1928, addn. to 276,010 and 280,956; 
Brit. Chem. Abst., 1930, 136B; Brit. Pat. 320,638, July 17, 1928, to Schering-Kahlbaum 
A.-G.; Chem. Age (London), 1929, 575.] /sopropenyl-m- and -p-cresols are di- or octa- 
hydrogenated at 140°-160° or 170°-180° in presence of nickel to give thymol, 3-isopropyl- 
p-cresol, menthol, or 4-methyl-6-t8opropylcycZohexanol. CChem. Fabr. auf Actien 
vorm. E. Schering, Brit. Pat. 273,685, June 15, 1927; Brit. Chem. Abst., 1930, 136B. 
See also Brit. Pat. 309,865, April 16, 1928; Chem. Abst., 1930, 626; French Pat. 672,995 
April 11, 1929; Chem. Abst., 1930, 2142.] The condensation product of acetone and 
m-cresol may be acylated prior to hydrogenation. CSchoeller, Jordan and Clerc, 
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U. S. Pat. 1,737,272, Nov. 26, 1929; Chem. Abst. , 1930, 630. See also Brit. Pat. 293,874 
July 13, 1928, addn. to 273,685; Brit. Chem. Abst., 1930, 218B.] Primary and secondary 
amines may be made by passing amines or ammonia with alcohols or phenols and 
hydrogen at a high temperature and with or without pressure over a hydrogenation 
catalyst. Hydrogenated phenols may be used without hydrogen. CL G. Farbenind. 
A.-G., French Pat. 669,824, Feb. 18, 1929; Chem. Abst., 1930, 1866. See also Brit. 
Pat. 306,414, Feb. 18, 1928.] A mixture of acids obtained by oxidation of hydrogenated 
phenols is esterified by a mixture of aliphatic, aromatic or cyclic alcohols. Cydo- 
hexanol, obtained by the hydrogenation of the phenol, and hydrogenated crude cresol 
may be used. ^Deutsche Hydrierwerke A.-G., Ger. Pat. 484,904, Jan. 21, 1926, addn. 
to 434,730; Chem. Abst., 1930, 1120. See also Ger. Pat. 483,822, Jan. 21, 1926; Chem . 
Abst., 1930, 2141.] Reduction of resorcinol with hydrogen in presence of water, 
alcohol, or decalin and a nickel-cobalt-copper catalyst at 100° to 125° affords a mixture 
of cis - and Jrans-q/cJohexane-l,3-diol. Similar hydrogenation of phloroglucinol in 
decalin gives 30 per cent of a mixture of or- and 0-cycZohexane-l,3,5-triol. CLindemann 
and Baumann, Ann., 1929, 477, 78-98; Brit. Chem. Abst., 1930, 209 A.] Observations 
on the electrolytic reduction of phenol at various cathodes. ^Bancroft and George, 
Trans. Am. Electrochem., 67, preprint, 1930; Chem. Abst., 1930, 2059; Brit. Chan. 
Abst., 1930, 553A.] 

6367. Uses of Hydrogenated Phenols. Materials such as starch, dextrin, vegetable 
gums, gelatin, glue or casein are dissolved in organic solvents insoluble in water by use 
of a solubilizing agent comprising a soap or soap-like substance in aqueous solution 
together with a water-soluble organic solvent such as a hydrogenated phenol. COranien- 
burger Chemische Fabrik A.-G., Brit. Pat. 307,079, Mar. 2, 1928; Chem. Abst., 1929, 
5284.] Compositions suitable for removing water-soluble stains from artificial silk or 
other materials previous to treatment of the material with the usual dry cleaning liquid 
comprise soap, water, and a substance such as cycJohexanol, q/riohexanone and their 
homologs, which is readily soluble in the dry cleaning liquid to be used and is also 
somewhat soluble in or miscible with water. ^Hubbard (to British Celanese, Ltd.), 
Brit. Pat. 307,508, Mar. 10, 1928; Chem. Abst., 1929, 5332.] Emulsions for washing 
and bleaching comprise a soap, one or more hydrogenated aromatic compounds, and 
bentonite. [Industrial Processes Development, Ltd., Ger. Pat. 482,417, Feb. 16, 1923; 
Chem. Abst., 1930, 520.] A motor spirit containing 15 to 20 per cent water with 
homogenizing agents such as hydrogenated phenols, cyclic ketones, cyclic alcohols (for 
example, cyctohexanol) and soap, together with the usual spirit such as benzine, benzol, 
or petroleum, is suggested by Schieweck. [Ger. Pat. 488,934, Aug. 15, 1925; Chem. 
Abst., 1930, 2274.] The preignition of fuels which tend to detonate is prevented by the 
addition of at least 5 per cent of hydrogenated phenols. [Ger. Pat. 457,581, Jan. 20, 
1925, to Deutsche Hydrierwerke A.-G. ; Brit. Chem. Abst., 1930, 314B.] Copper nitrate 
is dissolved in methylcycfohexanol and the solution added to a motor fuel to prevent 
knocking. [Brit. Pat. 267,079, Aug. 12, 1926, to Continentale A.-G. f. Chemie; Brit. 
Chem. Abst., 1928, 81 B.] Condensation products of phenol and aliphatic aldehydes 
in the intermediate or “B” stage are dissolved in cyclic ketones or alcohols, hydrogenated 
naphthalenes or phenols, with or without addition of oils. The solutions are used as 
lacquers. [Bakelite Ges.m.b.H., Brit. Pat. 295,335, Aug. 9, 1928; Brit. Chem. Abst., 
1930, 469B.] 

6368. Hydrogenation of other Carbonaceous Materials. Light hydrocarbons are 
obtained from carbonaceous materials by treatment with nascent hydrogen, under 5 
atmospheres' pressure and at a temperature between 200° and 1000°. [Fohlen, French 
Pat. 670,508, June 20, 1928; Chem. Abst., 1930, 1969. See also Fohlen, French 
Pat. 670,077, June 15, 1928; Chem. Abst., 1930, 1970.] Oils or tars are converted into 
products of low boiling point by heating in the presence of organic amides or amines, 
such as formamide, acetamide, hexamethylenetetramine or aniline, with or without 
aldehydes or ketones containing more than four carbon atoms per molecule (suitably 
under pressure with hydrogen) at temperatures of 410°-600°. £1. G. Farbenind. A.-G., 
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Brit. Pat., 320,421, July 7, 1928; Chem. Abst ., 1930, 2594.] The gases and vapors 
from destructive hydrogenation are recovered by strong cooling or great compression. 
By releasing the pressure on the washing oil which has been caused to absorb the gases 
and low boiling point substances, a gaseous mixture of hydrogen and hydrocarbons is 
obtained. CL G. Farbenind. A.-G., Brit. Pat. 319,657, Sept. 25, 1928; Chem. Abst., 
1930, 2864.] Hydrogen which is first obtained may be purified and reused in the 
process of hydrogenation, and hydrocarbons such as propane, butane and pentane next 
obtained may be isolated. CL G. Farbenind. A.-G., Brit. Pat. 322,734, Sept. 3, 192S; 
Chem. Abst., 1930, 2865. See also French Pat. 675,789, May 27, 1929; Chem. Abst., 1930, 
2865.] The fraction boiling between 80° and 150° C. is used to extract bituminous 
materials or residues of destructive hydrogenation products. Other solvents such 
as alcohols or ketones may be added if desired. £Brit. Pat. 322,749, Sept. 6, 1928, 
to I. G. Farbenind. A.-G.; Chem. Abst., 1930, 2876.] Oils are obtained by extract- 
ing the waste products of distillation residues of destructive hydrogenation with 
liquid sulphur dioxide. CL G. Farbenind. A.-G., Ger. Pat. 486,309, Jan. 6, 1927; 
Chem. Abst., 1930, 1961.] High boiling hydrocarbons, particularly lubricating oils, 
may be obtained by treating carbonaceous materials with a solvent under pressure, and 
treating the extracted products with hydrogen at a higher temperature but not suffi- 
ciently high to cause appreciable dissociation. [^French. Pat. 675,073, May 15, 1929, 
to I. G. Farbenind. A.-G; Chem. Abst., 1930, 2874. See also Brit. Pat. 323,791, 
Sept. 11, 1928; Chem. Abst., 1930, 3345.] Lubricating oils are obtained by con- 
densation of mineral oils or hydrogenation products in the presence of a gas containing 
oxygen or sulphur or in the presence of a halogen, and then treating the product 
with hydrogen at a high temperature and pressure and, if necessary, in the presence 
of a catalyst. [Trench Pat. 676,089, June 3, 1929, to I. G. Farbenind. A.-G.; 
Chem. Abst., 1930, 2874.] The high-boiling crude oils, such as lubricating oils obtained 
by hydrogenation, are purified by treatment with acids or alkalies and distillation in 
vacuo. CBrit. Pat. 323,805, Oct. 11, 1928, to the I. G.; Chem. Abst., 1930, 3353.] 
Crude paraffin is purified by treatment with hydrogen at 300° to400°C. and pressure from 
10 to 250 atmospheres. Under these conditions little or no dissociation of the paraffin 
itself occurs. Catalysts such as molybdic acid may be used. LBrit. Pat. 320,921, 
July 19, 1928, to the I. G.; Chem. Abst., 1930, 2595. See also French Pat. 673,823, 
April 22, 1929; Chem. Abst., 1930, 2595.] Bituminous fuels are treated with hydrogen 
at a raised temperature and pressure until sufficient fuel to act as binder for the remainder 
has been converted into a pitchy mass. The material is then compressed into briquettes 
for fuels. CHilger, Ger. Pat. 494,085, Sept. 3, 1926; Chem. Abst., 1930, 2864.] Ipatiev 
and Ivanov describe results obtained by heating the primary tar from a Doncs-Reviers 
coal under hydrogen pressure. £Ber., 1930, 63B, 331-4; Chem. Abst., 1930, 2862.] 
Pcrtierra has hydrogenated a Spanish long-flame gas coal. £Anal. soc. espaH.fis. quim., 
1930, 28, 389-415; Chem. Abst., 1930, 3343.] In tests upon the distillation of coal under 
pressure and in the presence of hydrogen, Leroux concludes that for a given distillation 
temperature there is a pressure for which the gas calories arc a maximum. [7. U sines 
a Gaz., 316, July 5; Chim. el. ind., 903, Dec. 1929.] Lategan describes experiments on 
the hydrogenation of coal from the Witbank Central Area, Transvaal. He concludes 
that the ease of hydrogenation of a coal is dependent on the readiness with which it 
dissociates into its molecular complexes, and on the composition and stability of these. 
C Third Empire Min. Met. Conqr., Apr., 1930, 21 pp.; Brit. Chem. Abst., 1930, 541B.] 
Tanaka and Fujisawa have carried out the catalytic hydrogenation of shale oil under 
high pressure (140-150 atmospheres) and at temperatures of 280°-290°. The process 
results in increased yields of solid paraffin, decreased pitch and gas, and decreased refining 
loss by sulphuric acid. Reduced nickel was employed as catalyst. They consider 
that the more unsaturated high-boiling hydrocarbons are catalytically hydrogen- 
ated to hydrocarbons of less unsaturation, or to the saturated hydrocarbons 
without inducing any great cracking of the hydrocarbons. £7. Soc. Chem. Ind., 
Japan , 1930, 33, No. 2, 42-3B; Chem. Abst., 1930, 2868; Brit. Chem. Abst., 1930, 
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599B.] The sulphur content of impure oils may be reduced by hydrogenation 
at temperatures of 300°-400° and pressures above 20 atmospheres in presence of catalysts 
of the sixth group or of cobalt and its compounds. The unsaturated content of the oils 
is also reduced. [Brit. Pat. 300,900, Nov. 6, 1928, to I. G. Farbenind. A.-G.; Bril. 
Chem. Ab8t. t 1930, 499B.] Production of refined hydrocarbon oils by hydrogenation. 
[Brit. Pat. 327,463, Nov. 6, 1928, addn. to 300,900; Bril . Chem . Abet., 1930, 599B.] 
Crude benzol is freed from sulphur by treating with hydrogen at increased temperature 
and pressure. The crude benzol may be mixed with a middle oil or with coal or may be 
used to extract coal or destructive hydrogenation residues, the mixture being then 
treated with hydrogen. The temperature may be 380°-550° C., and the pressure up 
to 1000 atmospheres. The catalyst may consist of molybdic acid, zinc oxide, magnesia 
and chromic acid. [I. G. Farbenind. A.-G., Brit. Pat. 327,194, Dec. 3, 1928; Chem. 
Age (London), 1930, 520; Brit. Chem. Abet., 1930, 546B.] Water-gas is used to 
hydrogenate the desulphurized gases from lignite or tar to obtain a liquid fuel. [Joseph, 
U. S. Pat. 1,758,796, May 13, 1930, to Soc. intern, des proc. Prud’homme Houdry; 
Chem. Abet., 1930, 3345.] 

6369. Other Hydrogenation Processes. In the hydrogenation of carbonaceous 
materials such as topped American petroleum, the residual material not appreciably 
affected by the first stage of treatment is separated and treated under more “ vigorous ” 
conditions. A three-stage hydrogenation process may be carried out in the successive 
stages of which there are used, respectively, temperatures of 400°, 450° and 460°, and 
catalysts containing timgsten, molybdenum and chromium, and molybdenum and zinc. 
[Brit. Pat. 320,473, I. G. Farbenind. A.-G., Aug. 31, 1928; Chem. Abet., 1930, 2875.] 
Crude oil is mixed with about an equal quantity of bituminous material of not less than 
20 per cent volatile content and the mixture is heated to 180° at atmospheric pressure 
in a still having stirrers formed of or plated with nickel. After products of low boiling 
point have been volatilized and condensed, the temperature is raised to 320° and the 
pressure to 200 lb. per sq. in. and steam is admitted. The distillation is continued 
until the residue consists of a mixture of petroleum-pitch and coke suitable for use as 
a fuel. [Cranston, Brit. Pat. 322,167, Aug. 24, 1928; Chem. Abet., 1930, 2875.] A two- 
stage process consists of heating coal under pressure without hydrogen, then proceeding 
to a second step in which the products are subjected to heat treatment in presence of 
hydrogen and with or without catalysts. [French Pat. 35,205, April 19, 1928, addn. 
to 647,742, to the I. G.; Chem. Abst., 1930, 2138.] Coal is converted by hydrogenation 
at a high temperature and pressure into a mixture of heavy oils and pitch, and this 
mixture is subjected to further treatment in a separate vessel in which heavy oils from 
a preceding batch are simultaneously re-treated. [Deutsche Bergin-A.-G. fttr Kohle- 
und Erddlchemie (Debo, inventor), Ger. Pat. 494,213, July 31, 1926; Chem. Abet., 
1930, 2865.] The material to be treated is passed with hydrogen through a preheating 
system thence into a converter where hydrogenation occurs. The temperature is 
controlled by circulation through a heater. [Tate and Stephenson, Imperial Chemical 
Industries, Ltd., Brit. Pat. 327,443; Chem. Age (London), 1930, 541.] In preheating 
carbonaceous materials from 300° to the temperature required for destructive hydrogena- 
tion, the heat is supplied to the materials in admixture with part of the hydrogenating 
gas. Brown coal may be mixed with a high boiling point coal hydrogenation product. 
[I. G. Farbenind. A.-G., Brit. Pat. 322,489, Sept. 3, 1928; Chem. Abet., 1930, 2864. 
See also French Pat. 676,270, June 6, 1929; Chem. Abet., 1930, 2865.] The reaction 
vessel may be heated by circulating hydrogen at a suitable temperature, e.g., 450°, 
through a surrounding jacket, and all or part of this hydrogen is then admitted into the 
reaction vessel together with the preheated coal, oil, etc. [Tate, Stephenson and 
Imperial Chem. Industries, Ltd., Brit. Pat. 326,238, Dec. 8, 1928; Brit. Chem. Abet., 
1930, 498B; Chem. Age (London), 1930, 443.] The relatively cold substance to be 
hydrogenated is caused to flow first on to the internal face of the walls of the hydrogenat- 
ing vessel, or to flow between the walls of the vessel and the reaction chaml>er and is 
then introduced into the reaction chamber. [French Pat. 674,614, May 6, 1929, 
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Imperial Chemical Industries, Ltd.; Chem. Abst ., 1930, 2865.3 Jaeger describes 
apparatus and procedure applicable to hydrogenation reactions. CBrit. Pat. 306,442, 
Feb. 20, 1928, to Selden Co.; Chem. Abst., 1929, 4851. See also Brit. Pat. 306,519. 
Feb. 23, 1928; Chem. Abst ., 1929, 4851.3 Two forms of apparatus for hydrogenating 
oil or liquid pastes are described by Tate and Stephenson. CBrit. Pat. 326,586, Dec. 31, 
1928; Chem. Age (London), 1930, 468; Bril. Chem. Abst., 1930, 498B. Brit. Pat. 
326,896, same date, to Imperial Chemical Industries, Ltd.; Chem. Age (London), 
1930, 494; Brit. Chem. Abst., 1930, 546B.3 

6360. Catalysts Used for Carbonaceous Materials. According to Reichenbach, 
molybdenum and its compounds at temperatures above 300° and at high pressures 
have given good results in the hydrogenation of coal. Certain sulphides like cadmium 
and iron sulphides; tungsten and chromium compounds; nitrogen derivatives; mix- 
tures of copper with sine, cadmium, boron, aluminum, silicon, titanium, vanadium or 
tantalum; and oxides of chromium, zinc and manganese have proved effective under 
certain conditions. Not only the composition, but also the physical condition of the 
catalyst is important. ZMetallborse, 1929, 19, 2861; Chem. Abst., 1930, 1957.3 In 
order to avoid accumulation in the lower parts of the reaction vessel, catalysts immune 
to sulphur poisoning are employed in colloidal disperson. CBrit. Pat. 326,184, Sept. 3, 
1928, to the I. G.; Chem. Age (London), 1930, 442; Brit. Chem. Abst., 1930, 49SBJ 
It is also suggested to prevent formation of sludges during hydrogenation by subjecting 
the paste to vigorous stirring by a rotary device. CBrit. Pat. 326,157, Sept. 3, 1928, to 
the I. G.; Chem. Age (London), 1930, 442; Brit. Chem. Abst., 1930, 498B.3 During 
hydrogenation the catalyst may be heated by radiation from suitable surfaces, which 
preferably consist of metals or oxides of the iron group which have a high heat absorp- 
tion. CBrit. Pat. 327,025, April 15, 1929, to the I. G.; Chem. Age (London), 19 30, 
294; Brit. Chem. Abst., 1930, 493B.3 Catalysts are, prior to the reaction, irradiated 
by Rdntgcn rays, rays of radioactive substances, etc. CBrit. Pat. 315,900, to the I. G.; 
Brit. Chem. Abst., 1929, 939B.3 The catalyst or the member on which it is distributed 
is in the form of a surface of revolution of a catenary. The wall surrounding the 
catalyst is of similar shape, and has a number of discharge passages. CSoc. Anon. 
D’Ougree Marihaye, Brit. Pat. 327,378, April 7, 1928; Chem. Age (London), 1930, 
520; Brit. Chem. Abst., 1930, 493BJ Naphthalene and low-temperature tar be names 
are hydrogenated under pressure and at elevated temperatures, using as catalyst the 
residual coal which remains as the insoluble and undistillable portion of the original coal 
after hydrogenation according to the Bergius process. Chaffer, Brit. Pat. 302,912, 
Dec. 18, 1928, to Gcs. f. Teervcrwertung m.b.H.; Brit. Chem. Abst., 1930, 546BJ 

6361. Hydrogenation of Carbon Monoxide. Natta has examined the promoting 
action of various oxides on zinc oxide in the methanol synthesis. Oxides which act as 
promoters are of two kinds: (1) Certain bivalent oxides such as magnesium, nickel, 
copper, cobalt, iron, and manganese, which have ionic diameters varying between 
0.60 and 0.90 A. These pass into solid solution in the zinc oxide lattice, and their 
activity is the greater the more they deform the lattice. (2) Oxides which remain in a 
finely divided amorphous or colloidal state and prevent the growth of the zinc oxide 
granules, for example, aluminum and chromium oxides. [ '(Horn . Chim. Ind. Appl., 
1930, 12, 13-23; Brit. Chem. Abst., 1930, 552A.3 In a study of promoter action on a 
cobalt-copper catalyst for the reduction of carbon monoxide at ordinary pressure, 
Kodama finds that magnesium oxide is most efficient; beryllium oxide is a poor promoter, 
and zinc oxide poorer still. Cadmium acts as a poison. [V- Soc. Chim. Ind. Japan, 
1930, 33, 60B; Brit. Chem. Abst., 1930, 551AJ Alcohols other than methanol are 
synthesized from carbon monoxide and hydrogen in the presence of a methanol catalyst 
to which an alkali metal has been added, and using a space velocity of the reacting gases 
which is more than five times that which the methanol synthesis employing only the 
methanol catalyst would reach equilibrium under the same temperature and pressure 
conditions. CBrit. Pat. 323,240, E. I. DuPont de Nemours & Co., June 22, 1928; 
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Chem. Abst., 1980, 3022.] Metal halides which are not decomposed by the reaction 
are added to the catalysts for the same purpose. £Brit. Pat. 323,513, I. G. Farbenind. 
A.-G., Sept. 1, 1928; Chem. Abst ., 1930, 3022.] Low-boiling and unsaturated hydro- 
carbons are obtained from carbon monoxide and hydrogen at high temperature and 
pressure using catalysts which contain metals of the eighth group of the periodic system 
together with alkali metal compounds and small quantities of sulphur, selenium, 
or tellurium in a free or combined state. The liquid olefinic hydrocarbons are useful as 
“ anti-knock ” motor fuels. £Brit. Pat. 322,284, Oct. 11, 1928, to I. G. Farbenind. 
A.-G.; Chem. Abet., 1930, 2874; French Pat. 677,973, July 6, 1929; Chem. Abst., 1930, 
3247.] The water which is formed in the catalytic hydrogenation of carbon monoxide 
is removed in solid form by cooling the mixture to low temperatures. Cl. G. Farbenind. 
A.-G., Ger. Pat. 492,427, Jan. 3, 1924, addn. to 479,829, Wietzel and Luther, inventors; 
Chem. Abst., 1930, 2755.] Gases containing carbon monoxide for the methanol syn- 
thesis are purified by passing over iron oxide at a temperature of 400° to 850° to remove 
sulphur. ^Bannister, U. S. Pat. 1,757,826, May 6, 1930, to Commercial Solvents Corp.; 
Chem. Abst ., 1930, 3292.] Jaeger proposes various catalysts for the reduction of oxides 
of carbon or organic compounds containing oxygen. £Brit. p a t. 306,471, Feb. 21, 
1928, to Selden Co.; Chem. Abst., 1929, 4949.] Tongue describes the high-pressure 
chemical engineering equipment of the Chemical Research Laboratory at Teddington. 
The apparatus includes low-pressure gas-storage, compression plant, a high-pressure 
gas-storage, distribution system, high-pressure autoclaves, and other apparatus for 
catalytic reactions. £ Inst . Chem. Eng., Apr. 1930. Advance proof.] Insecticides are 
produced by hydrogenating the residues from the manufacture of isobutyl alcohol. 
CDobmaier and Kukenthal, Ger. Pat. 496,102, July 3, 1928, to the I. G.j Chem. Abst., 
1930, 3333.] The high-boiling alcohols obtained by the hydrogenation of carbon 
monoxide are mixed with a low-boiling alcohol, soap and a low-boiling hydrocarbon to 
form a cleansing and emulsifying agent. £Pungs, U. S. Pat. 1,757,441, May 6, 1930, to 
the I. G.; Chem. Abst., 1930, 3332.] 

6362. Hydrogen. Lareson recommends the reaction between copper phosphide and 
superheated steam as a method of producing phosphoric acid and hydrogen. £U. S. 
Pat. 1,756,429, April 29, 1930, to DuPont Ammonia Corp.; Chem. Abst., 1930, 3090.] 
Hydrogen and carbon dioxide may be obtained by introducing air and steam into the 
regions of blast furnaces situated above the fusion zone. CHeyd, French Pat. 676,196, 
June 5, 1929; Chem. Abst., 1930, 2714.] Lock states that hydrogen and the correspond- 
ing hydroxy-acid are obtained in good yield by the action of potassium hydroxide on the 
following: 3-aldehydo-5-hydroxymethyl-p-cresol, 5-hydroxymethylsalicylaldehyde, 3- 
aldehydo-p-cresol, 5-aldehydo-o-crcsol, and 3-aldehydo-o-cresol. ZBer., 1930, 63B, 
551-9; Bril. Chem. Abst., 1930, 597A.] Claude describes the manufacture of hydrogen 
for high-pressure processes. ^Oeslerr. Chem.-Ztg., 1930, 33, 64-5; Chem. Abst., 1930, 
3328.] 
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Abietio acid, hydrogenated, 2237, 2237A, 
2237B. 

Abrasive, in fine division of nickel, 1064. 
Abrasive powder from hydrogenated oil, 4031. 
Aoenaphthene, condensation with olefines, 
6352. 

— , hydrogenated, 2072, 2073, 4 129 A. 

— , product, 2175. 

Acenaphthene quinone, hydrogenated, 2174, 
2175, 2187. 

Aoenaphthenol, produot, 2175. 
Aoenaphthenone, product, 2175. 
Acenaphthylene, product, 2175, 
Acetaldehyde, from acetylene, 6333. 

— , hydrogenated, 1649-1652, 3774. 

— , polymerised by atomic hydrogen, 6302. 
— . product, 1876, 6333. 

Acetaldehyde and ammonia, compound hy- 
drogenation, 2691. 

Acetaldehyde phenylhydrasone, hydrogen- 
ated. 2676. 

Aoetaldoxime, hydrogenated, 2632A, 2643. 
Acetals, ethers from, 1932. 

— , hydrogenated, 6335, 6349. 

Acetamide, action on atomic hydrogen, 6302. 
— , hydrogenated, 2665. 

Acetamino - an thr ahy droquinone, product, 

1991. 

anthraquinone, hydrogenated, 1991, 1993. 

— -cinnamoylarginine, hydrogenated, 1873. 

— -cinnamoyl glutamic acid, hydrogenated, 

1872. 

nitrocresol methyl ether lodal anhydride, 

hydrogenated. 3064. 

Acetic acid, in synthol, 5467. 

— , product. 1896, 5562-5565. 

— , synthesis from carbon monoxide, 5562, 
5564. 5565. 

Aoetic anhydride, hydrogenated, 6332. 
Acetoacetate (ethyl), hydrogenated, 2505. 
Acetone, by fermentation, 5394A. 

— , catalyst poison, 539. 

— , compound hydrogenation, 2670, 2691, 
2693. 

—.hydrogenated, 681, 1141, 1645, 1700- 
1706, 3774, 6336. 

— , in synthol. 5467. 

Acetone-alphanaphthol condensation prod- 
uct, hydrogenated, 2127, 
Acetone-creeol condensation product, hydro- 
genated, 2125, 2377, 2377A. 


Acetone isopropylhydrazone, hydrogenated, 
2669. 

Acetone phenylhydrasone, hydrogenated, 
2676. 

Acetone semicar has ide, hydrogenated, 2675. 

Acetonitrile, hydrogenated, 2505, 2602, 

2610A, 2640A, 6339. 

Acetony 1-acetone, hydrogenated, 1739. 

Acetophenone, hydrogenated, 1905, 1936, 
1938, 1939, 2169, 2505. 

Acetophenone asine, hydrogenated, 2682. 

Acetophenone oxime, hydrogenated, 2645, 
2648, 2656. 

Acetophenylacetaldehyde aldimine, product, 
2615. 

Acetophenylacetonitrile, hydrogenated, 2615. 

Acetoxime, hydrogenated, 2505, 2644, 

2653 F. 

Aoetoxychromanone, product, 1981, 3028. 

Acetoxychromone, hydrogenated. 1981, 3028. 

Acetylacetone, hydrogenated, 1719, 1737- 
1730, 6335. 

Acetyl chloride, reaction with nickel car- 
bonyl, 6314. 

Acetylaminoantipyrine, product, 2790A. 

Acetylanhydroderritol, 3051. 

Acetylene, action of electric spark on, 5903, 
5904. 

— , action on carbon oxides, 5545. 

— , equilibria in arc, 5920. 

— , from natural gas combustion, 5961. 

— , hydrogenated, 671, 1500-1514, 1549, 

6333. 

— , — , aromatic hydrocarbons produced, 
1501-1503. 

— , — , ethane produced, 1500-1514. 

— , — , ethylene produced, 1501, 1504-1606, 
1509-1514, 6333. 

— , source of hydrogen, 5901-5904. 

Acetylene hydrocarbons, from carbon oxides, 
5546. 

Acetylenedialdehyde acetal, hydrogenated, 
1556. 

Acetylenedicarboxylic acid, hydrogenated, 
1553, 1554. 

Acetylene glycols, 1524. 

Acetylmandelic acid, fission-hydrogenation 
of, 1896. 

Acetylphenylalanylarginine, product, 1873. 

Acetylphenylalanylglutamic acid, product, 
1872. 
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Acetylsalicylic acid, hydrogenated, 6349. 
Acetyl tetrahydronaphthylamine, product, 
2249. 

Acetyl tetrahydropyridine, product, 2758. 
Acetyl vanillin, hydrogenated, 1920. 

Acid catalyst in starch hydrolysis, 108. 

Acid chlorides, reduced and dehalogenated, 
2905-2907. 

Acids, action on metals, source of hydrogen, 
6151-6160. 

— , dissolved in alcohol, purification of min- 
eral oils. 5037A, 5037B. 

— , mineral, catalyst poisons, 539. 

— , organic, subjected to electric discharge, 
5106-5106C. 

— , — , from carbon monoxide and water, 
5469. 

— , — , hydrogenated, 6327, 6332. 

Aconitic acid, hydrogenated, 1795. 

Acridine, hydrogenated, 2782. 

Acrolein, hydrogenated, 1667. 

Acrylic esters, hydrogenated, 1756, 1757. 
Activated carbon, removal of carbonyls, 
5304, 5368, 5502. 

Activated hydrogen, hydrogenation of oleic 
acid with, 3287. 

* Activated silica, absorbent for hydrocarbons, 
5332. 

Activation, and catalysis, 325-327A. 

— , carbon monoxide, 5365A. 

— , definition, 323. 

— , hydrogen. 331, 350, 354, 373, 378. 

— , lowering heat of, 333. 

— , of gases by adsorption, 330. 

— , opening of bond, 312. 

Active centers, 348. 

Activity of catalyst, measure, 318. 
Acylaminoanthraquinones, hydrogenated, 
1992, 2278. 

Adams’ platinum catalyst, 830-860. 

Adipic acid, product, 1790. 

— , treated, 6332. 

Adipic esters, from hydrogenated cresols, 
2113. 

Adrenalin, 1971, 3066. 

Adrenin, 3066. 

Adsorbents, difforenoe between catalytic and 
inert, 209. 

Adsorption, at catalytic surfaces, 201, 207. 
— , both reactants adsorbed, 215. 

— , catalytic activity and, 215. 

— , chemical type of, 201, 206, 213, 381. 

— , definition, 200. 

— , heat of, 211, 212. 

— , of gases by metals, 366, 367, 6303, 6305, 
6306. 

— , oriented, 312. 

— , physical type, 201-204. 

— , selective, 201, 207, 208, 218. 

— , thickness of layer, 214. 

— . two kinds of, 201, 206, 6303. 

Adsorption complex, 313. 


Adsorptive capacity, effect of heat on, 216. 
— , of carriers, 656, 656A. 

— , of catalysts, 208-210, 1032, 1302, 1303. 
Agglutinants, in catalyst masses, 4929. 
Agitation, by gas bubbling, 3501, 3509-3517, 
3524-3529. 

Alanine, product, 2697. 

Alanine anhydride, product, 2684. 

Alcohols, from aldehydes, 1674. 

— , from carbon monoxide, 6361. 

— , from carbon monoxide and water, 5469. 
— , from coal gas, 5427. 

— , from cracked gases, 5039 A. 

— , hydrogenation of, 6325. 

— , in cleansing agents, 6361. 

Alcohol solution of acids, in purification of 
mineral oils, 5037A, 5037B. 
Aldehydals, from carbon monoxide, 5274, 
532 1C. 

Aldehydes, added to petroleum, 5024B. 

— , aromatic, hydrogenated, 1900. 

— , from acid chlorides, 2903-2911, 2913- 
2916. 

— , from carbon monoxide, 5274, 5321C, 
5469, 5557-5558 
— , from lower alcohols, 5467B. 

— , hydrogenated, 6326, 6335. 

— , removal by hydrogenation, 5038. 

— , reduction with platinum-black, effect of 
impurities, 1645. 

— , saturated from unsaturated, 1668, 6326. 
Aldehydes and ketones, with hydrogen and 
ammonia yield primary amines, 2662. 
Aldehyde sulphoxylates, products, 1648A. 
Aldehydic impurities in oil hydrogenation, 
1222, 1223, 1238. 

Aldehydo (omega) acids, hydrogenated, 1798. 
Aldehydomethylpynole carboxylic acid, hy- 
drogenated, 2722, 2723. 

Aldimines, from nitriles, 6339. 

— , hydrogenated, 2602. 

Aldol, hydrogenated, 1658, 1674, 6335. 
Aldolixation, in methanol synthesis, 532 1C. 
Aldoximes, hydrogenated, 2649. 

Alkali compounds, as catalysts, 4513, 4534C, 
4720A. 

Alkali metals, as desulphurixers, 4817. 

Alkali refining, to remove catalyst poisons, 
559 A. 

Alkalies, absence from methanol catalysts, 
5305. 

— , promoters for synthin formation, 5502. 
Alkaline-earth compounds, as promoters, 633. 
Alkaline copper oxide, catalyst for ester 
reduction, 1313. 

Alkaloids, catalyst poisons, 544, 567. 

— . hydrogenated, 2815-2 866, 6344. 

Alkyl amines, products, 2500. 

Alkyl anthraquinones, hydrogenated, 2177- 
2181. 

Alkyl butyl carbinols, products, 2705. 

Alkyl cyclohexanones, products, 2130. 
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Alkyl dihydroreeorcinols, hydrogenated, 
2130. 

Alkyl esters, hydrogenated, 1755. 

Alkyl furyl carbinols, hydrogenated, 2705. 
Alkyl glycols, product*, 2705. 

Alkyl halides, from cracked ga sea, 5039A. 
Alkyl isopropylcyclohexonols, products, 2123. 
Alkyl pipcridyl-paraniUobenzioate*, hydro- 
genated, 2570A. 

Alkyl propylglycols, product*, 2705. 

Alkyl tetrahydrofuryl carbinols, product*, 
2705. 

Alkylene oxides, hydrogenated, 6335. 
Allo-alphaergostenone, hydrogenated, 3016A. 
Allo-cholesterol , hydrogenated, 3008. 
Allo-cinnamyl alcohol, product, 1420. 

All o-cro tonic acid, product, 1552. 
Allo-lithobilianic acid, product, 3059. 
Alloy-steels, for high-pressure apparatus, 
5220-5226, 5371, 5378. 

— , for hydrocarbon-decomposing apparatus, 
5951. 

Alloys, as catalyst support*, 4526 A. 

— , catalysts from, 681, 964. 

Allyl alcohol, hydrogenated, 1635. 

Ally Icy clohexanone, hydrogenated, 1718. 
Allyl other, hydrogenated, 1034. 

Allyl ketones, hydrogenated, 1718. 
Allylphenol, hydrogenated, 2124. 
AUylthiocarbamide, catalyst poison, 559A. 
Almond oil, 3244, 3407. 

Alphabenzildioximo, reagent for nickel, 3444. 
Alpha di-ketonos, hydrogonated, 1957A. 
Alpha-eleostearic acid, iso-oleic from, 3310. 
Alpha-hydroxy- and keto- acids, 1893. 
Alpha-ketones from alpha-naphthol, 4153, 
4154. 

Alpha-ketotetrahydronaphthalene, 4154. 
Alpha-methylindole, product, 2764. 
Alpha-naphthol, hydrogenated, 2160, 2162. 
Alumina, carrier, 653, 667, 947, 949-953. 

— , mechanism of catalysis by, 684. 

— , promoter, 5412. 

Aluminum boride, 1327. 

Aluminum, carrier, 930, 938, 940, 953. 

— , hydrosol. 902. 

— , to precipitate catalytic metals, 1142, 
1143. 

Aluminum chloride, action on cyclohexane, 
6349. 

— , action on hydrogenated naphthalenes, 
6352. 

— , action on rosin, 6355. 

— , coal treated with, 4657A, 4662. 

— , in hydrogenation of petroleum, 5026- 
5028. 

— , treatment of oleic acid, 5050. 

Aluminum chloride sludges, treatment of, 
5031. 

Aluminum compounds, as catalyst*. 4513, 
4517, 4530. 4531. 4534C, 4721, 4904. 
Aluminum isopropylenephenolate, 2377. 


Aluminum methylate, methanol catalyst, 
5563. 

Aluminum silicide, production of hydrogen, 
6103-6105. 

Alundum, carrier, 653, 665. 

Amalgams, catalyst* from, 681. 

Amarine, hydrogenated, 2788A. 

Ambrettolic acid, hydrogenated, 1544. 
Amide*, added in petroleum hydrogenation, 
6024C. 6358. 

Amidines, hydrogenated, 2602. 

Amine*, added in petroleum hydrogenation, 
5024C, 6358. 

— , ring-hydrogenation of, 2247, 2278. 

— , from alcohols and ammonia, 6325, 
6356. 

— , from aldehyde* and ammonia, 2662. 

— , hydroaromatic, formation, 1853, 2247, 
2250-2254. 

— , hydrogenated, 6325. 

— , by reduction of nitriles, 2609. 
Amino-acenaphthene, product, 2505. 

acetanilide, product, 2505. 

acetophenone, hydrogenated, 1971. 

acetophenone, product, 2565. 

acids, synthesis of, 1868. 

alcohols, prepared, 6335. 

anthraquinone, hydrogenated, 1990, 2186, 

2583. 

anthracene, product, 1990. 

benzalacetone, product, 2515C. 

bensalacetophenone, product, 2515A. 

benzoic acid, hydrogenated, 2238, 2505, 

2568-2571. 

benzylacetone, product, 2515D. 

benzylacetophenone, product, 2515B. 

betanaphthol sulphonic acid, product, 

2581. 

— -cyclohexane carboxylic acid, product, 

2238. 

— -cyclohexylethyl alcohol, product, 2546. 

— -cymene, hydrogenated, 2548. 

— -dimethylaniline, product, 2614E. 

— -ditolyimethane, product, 2505. 

dioxindole, product, 2808. 

— -ethyl benzoate, product, 859. 

hydroxybenzoic acid, product, 2505. 

hydroxyphenoxyphenylpropkmic acid, 

product, 2940. 

isatin anil, product, 2808. 

ketones, product*, 6337. 

methylanthraquinone, product, 2181. 

methyldiphenylmethane, product, 2505. 

naphthalene, product, 1144. 

Amino-naphthoic acid, hydrogenated, 2206. 
— , product, 2505. 

Amino-naphthol, product, 2580. 

naphthonitrile, product, 2627. 

phenols, hydrogenated. 2263. 

phenols, product*, 2550, 2553. 

Aminophenyl-ace to nitrile, hydrogenated, 

2626. 
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Aminophenyl-aoetonitrile, product, 2626. 

— -ethyl alcohol, hydrogenated, 2546, 

2547. 

ethyl alcohol, product, 1855. 

— -ethylamine, product, 2505, 2626. 

— -ethylcyclohexylamine, product, 2626. 
Amino-propane, product, 2640C. 

pyridine, product, 2525. 

— -quinoline carboxylic acid, product, 2628. 
salicylio acid, product, 2505. 

tetrahydronaphthoic acid, product, 2249. 

tolyl carbonate, product, 2505. 

tolylsulphonaph thy lme thane, product, 

2505. 

Amirol. hydrogenated, 2327. 

Ammonia, catalyst poison for nickel, 6304. 

— , cracking oils in presence of, 4963. 

— , desulphurization of oils, 4942A. 

— , facilitation of decomposition of car- 
bonyls, 5332. 

— , from sodium cyanide, 5024 A. 

— , in coal hydrogenation, 4423, 4515-4517. 
— , in preparation of catalysts, 1130, 1143. 

— t in refining of oils, 5038A. 

— , removal by oxidation, 4943A. 

Ammonia synthesis, combined with meth- 
anol synthesis, 5309. 

— , necessity of high pressure, 5214. 

— , hydrogen for, 5822, 5951. 

Amyl alcohol, product, 1647. 

Amylaldehyde, hydrogenated, 1647. 
Amylamino-benxalpropionio acid, hydrogen- 
ated, 1862. 

— -cinnamalpropionic acid, hydrogenated, 

1865. 

pipe ronal propionic acid, hydrogenated, 

1864. 

Amylbenxeno, hydrogenated, 2044. 
Amylcyclohexano, product, 2044. 

Amylenc, hydrogenated, 1614, 5201, 6322. 

— , product, 1661. 

Amyl ether, decomposed, 1632. 

Amyl oleate, hydrogenated, 1768, 3230, 
3235, 3239. 

Amylquinoline, product, 6325. 

Amyl stearate, product, 1768. 

Analysis of hydrogenated oils, 6331. 
Analytical constants of hardened oils, 3400. 
— , acetyl value, 3426-3428. 

— . glycerol content, 3434. 

— , iodine number, 3401-3426. 

Anesthetics, catalyst poisons, 6304, 6328. 
Anesthetics (local), 2570, 2571. 

Anethol. hydrogenated, 1630A, 1835, 1836. 
Anhydro-digitoxigenin, hydrogenated, 3038. 

— -epicatechintetramethyl ether, hydrogen- 

ated, 1979. 

glycyl serine anhydride, hydrogenated, 

2683. 

laudalinenitroacetylaminomethoxytolu- 

ene, 2845. 

lupinine, hydrogenated, 2787, 2822. 


Aniline, compound with oleic acid, 3238, 
3239. 

— , from tar, increased content by hydrogen- 
ation, 4473. 

— , hydrogenated. 2247, 2250-2254. 

— , in motor fuels, 6317. 

— , in preparation of catalysts, 1143. 

— , product, 1002, 1144, 1318-1321. 2505, 
2506, 2516, 2525-2535, 2549, 2673, 
2674, 2926, 6302, 6338. 

— , used to extract coal, 4625. 
Anilinesulphonic acid, product, 2505. 
Anisaloohol, product, 1900, 1914, 1915. 
Anisaldehyde, hydrogenated, 1900, 1914, 
1915, 6339. 

Anisalhy dan to in prop ionic acid, hydrogen- 
ated, 1925. 

Anisidine, product, 1320, 2506. 

Anisil, hydrogenated, 1957A. 

Anisoin, product, 1957A. 

Anisol, hydrogenated, 2106, 2121, 2122. 
Anisyle thy lamino butyric acid, product, 1863. 
Anisylhydantoinpropionio acid, product, 
1925. 

Anodic oxidation of catalyst surface, 1052- 
1055. 

Anthracene, hydrogenated, 2083-2087, 4170, 
6354. 

— , — , hydrogen carrier, 4720. 

— , hydrogenation residues as lubricant, 4248. 
— , purification, 4171, 4172, 6353, 6354. 
Anthranol, product, 1988. 

Anthraquinone, hydrogenated, 1988, 2176, 
2181, 2185, 6354. 

Anthraquinone derivatives, hydrogenated, 
1990, 2177-2179, 4149, 4173. 
Anthrone, product, 2181. 

Anti-catalytic action of some carriers, 938. 
Anti-knock motor fuels, 1359, 1360, 6551B, 
6354, 6357, 6361. 

— . by hydrogenation. 4536, 4626, 4661, 4700, 
4836, 4856-4860, 4872, 4917, 4966E, 
5038B. 

Anti-knock properties of carbonyls, 1359, 
1360. 6317, 6318. 

Antimony, hydrosol, 902 
Antimony bromide, catalyst poison, 540. 
Antioxidants, to prevent formation of poi- 
sons, 561. 

Antipyrine, hydrogenated, 2790. 

Apparatus, electrolytic, 6000-6095. 

— , for experimental hydrogenation, 3200- 
3219. 

— , for liquefaction of gases, 5804-5826. 

— , for methanol synthesis, 5378-5382. 

— , for production of hydrogen from hydro- 
carbons, 5906-5917. 

— , high-pressure, 5218 - 5237, 5244 - 5255, 
6361. 

— , — , construction materials, 5218-5226. 

— , — , details of construction, 5227-5237. 

— , — , gauges, 524$ 
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Apparatus, high-pressure, electric leads, 5234. 
— , — , influence of metal lining, 5201. 

— , — , tube connections, 6230-5233, 5244. 
— . — , valves, 5235, 5236, 5244A. 

Aquolyeis, 4871. 

Arabinoae and cyclohexylamine, compound 
hydrogenation, 2693. 

Arachidic acid, detection in hardened oils, 
3452-3455. 

— , in menhaden oil, 3284A. 

— , teat for, 3452. 

Aralkyl&mines, 2695. 

Arbutin, hydrogenated, 3037. 

Arc and hydrogen, effect on petroleum, 
4902A 

Arc hydrogenation, 4716-4718, 4965, 4965A. 
Arginine dipeptides, 1873. 

Arley coal, berginixation products, 4655. 
Aromandrene, hydrogenated, 2300. 

Aromatic aldehydes, hydrogenated, 1900. 
Aromatic amines, hydrogenated, 2247-2278. 
Aromatic bases, non-catalytic hydrogena- 
tion, 1875. 

Aromatic esters, hydrogenated, 2206, 6349. 
Aromatic hydrocarbons, by hydrogenation of 
petroleum, 4919A, 4976. 

— , conversion to lower homologs, 4725. 

— , from methane, 4910, 6429, 6430, 6323. 

— , from phenols, 1822-1829, 6356. 

— , — , apparatus, 1827. 

— , from tars, 4930. 

— , from water-gas, 5549, 5551 B. 

Aromatic sulphonic acids, purification of 
mineral oils, 5037C. 

Arsenic, catalyst poison, 523, 525, 539, 571. 
— , used in methanol catalysts, 5344. 

Arsenic compounds, removed from water- 
gas, 5633. 

Arylamino-alkyl ketones, hydrogenated, 1971. 
Asbestos, carrier, 650, 653, 947. 
Asbestos-nickel catalyst, 661, 662, 1104. 
Asphalt, attempt to hydrogenate with sodium 
formate, 4459. 

— , berginixation of, 4807, 4814, 

Asphaltic bodies, 4870. 

Asphaltic products, 4966C. 

Aseimilability of hardened oils, 3810, 3811. 
Astra fat, 6330. 

Atomic hydrogen, 6301. 

Atomic hydrogen, on ethylene, 332, 1600A, 
6301. 

Atomic impurities, 4832. 

Atophane, hydrogenated, 2785. 

Aucubin, hydrogenated, 3035. 

Autocatalysis, 114-116, 3347. 

— , cottonseed oil, 3347. 

Automatic control, in electrolysis, 6086- 
6095. 

Auto-poisoning of copper catalyst, 568. 
Alines, hydrogenated, 2680. 

Axobeniene, hydrogenated, 2602, 2673, 2674. 
— , product, 2538. 


Axobispropane, hydrogenated, 2668. 

Axo-com pounds, reduced to hydraxo-com- 
pounds, 2673. 

Axoimide, hydrogenated, 6341. 

Asoisobutane, 2672. 2679. 

Axoxybenxene, hydrogenated, 2505. 

— , reduced with atomic hydrogen, 6302. 
Axulenes, hydrogenated, 2301-2303. 

Bacteria, hydrogen-producing, 6329. 

B&kelite resins in lacquers and varnishes, 
6357. 

Baking, qualities of hydrogenated oil re- 
quired, 3942. 

Ball mill, for fine division of nickel, 1064. 
Band-conveyer, in coal hydrogenation, 4524. 
Barbital, catalyst poison, 6304. 

Barium sulphate, carrier, 653. 

— , promoter. 639. 

Base exchange catalysts, 1322, 5724A. 

Base metal catalysts, colloidal, drawbacks of, 
1056-1062. 

— , comparison of, 1302, 1303. 

— , for use at room temperature. 1035. 

— , non-nickel, 1300, 1325. 

Bases, organic, in preparation of catalysts, 
1143. 

Batyl alcohol, product, 3001, 3019. 

Baudouin test, 3429. 

Bauxite, carrier, 653. 

Becchi test, 1239, 3430, 3473. 

Beeswax, and aluminum chloride, 5051. 

— , hydrogenated, 3076. 

— , source of hydrogen, 5905. 

Behenic acid, conversion of erucic acid to, 
3432. 

— , product, 3281-3283. 

Behenolic acid, hydrogenated, 1546, 3340. 
Ben sal acetone, hydrogenation rate. 1630A. 
Benxalacetophenone, hydrogenated, 1630A, 
1970. 

Bensaldehyde, compound hydrogenation, 
2693. 

— , halogen derivatives, hydrogenated, 1909. 
— , hydrogenation of, 1900-1905. 

— , — , effect of solvents, 1902. 

— , product, 1787, 1876, 1892, 2903, 2906, 
2911, 5358B. 

Bensaldehyde diethyl acetal, hydrogenated, 
1932, 6349. 

Benxaldimine, product, 2610A, 2614A. 
Benxaldoxime, hydrogenated, 2611 A, 2633, 
2634, 2642, 2645, 2649. 
Bensal-paraphenetidine, hydrogenated, 2695. 
Bens&l-pyrimidaxolone, hydrogenated, 2789. 
Benxamidoxime, hydrogenated, 2653B. 
Bensanthrone, hydrogenated, 2181A-2183. 
Benzene, see also Benzol. 

— , high temperature reactions of, 2030. 
Benzene ring, hydrogenation of, 2023-2087. 
Benxeneaxosalicylic acid, hydrogenated, 2505. 
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BenxO, hydrogenated, 1935, 1936, 1957A, 
1958, 6336. 

Benzine formed exothermically, 4966E. 
Benzine, high anti-knock, 4966E. 

— , source of hydrogen, 5905. 

Benzohydrol, hydrogenated, 1845. 

Benzoic acid, action on atomic hydrogen, 6302. 
— , compound hydrogenation with ammo- 
nia, 2689. 

— , from toluol, 5358B. 

— , hydrogenation of, 1876, 2200-2206. 

— , product, 1896. 

Benzoin, hydrogenated, 1957, 1958. 

— . product, 1935, 1936, 1957A, 1958, 6336. 
Benzol, desulphurized, 6349. 

— , from water-gas, 5549. 

— , hydrogenated, 806, 1105, 2025-2027, 
2030. 

— , product, 1817, 1819, 1822-182 8, 1837, 
1839, 1906. 

— , purification by selective hydrogenation, 
1818. 

Benzonitrile, hydrogenated, 2600-2611 A, 
2614A, 2633, 2635, 2640B, 2640F. 

— , product, 2653B. 

Benzophenonanil, hydrogenated, 2681 B. 
Benxophenone, compound hydrogenation with 
ammonia, 2689. 

— , hydrogenated, 1936, 1960-1962, 2505. 

— , hydrogenated in nucleus , 1963. 

— , product, 2575A, 2617. 
Benzophenoneoxime, hydrogenated, 2653E. 
Benzophenoneoximo acetate, hydrogenated, 
2642. 

Benzoquinone and cyclopentadiene, addi- 
tion product, 2241. 

Benzo trichloride, dehalogenated, 2900B. 
Benzoxyl be nzal propionic acid, hydrogenated, 
1891. 

Bensoxylphenylbutryio acid, product, 1891. 
Benzoyl -acetone, hydrogenated, 1935, 1936, 
1943. 

Benzoylaminocinnamio acid, hydrogenated, 
1869. 

Benzoyl chloride, decomposition, 2912. 

— , dehalogenated and hydrogenated, 2903, 
2905-2908, 2911. 

— , hydrogenated with poisoned catalyst, 
532. 

Benzoyloxy-tetramethyl-cyclopentenone, hy- 
drogenated, 2014. 
Benzoyl-phonylacetaldimino, 2622. 
Benzoyl-phenylalanine, product, 1869. 
Benzoylphenylcyclopropano carboxylic acid, 
hydrogenated, 1894, 2231. 2232. 
Benzoylphenyl-dimethylbutyraldehyde, hy- 
drogenated, 1927. 

Benzoylphenylethane, hydrogenated, 1927. 
— , product, 1964. 

Benzoylphenylethylene, hydrogenated, 1964. 
Benzoylphenylnitrocyclopropane, hydrogen- 
ated, 2576. 


Benzoylsalicylaldehyde, hydrogenated, 1924. 
Benzoyl vanillin, hydrogenated, 1923. 
Benzylacetamide, product, 2609. 
Benzylacetone, hydrogenated, 1942. 
Benzylacetophenone, product, 1970. 

Benzyl alcohol, hydrogenated, 1833, 1834. 

— , product, 1900-1905, 2612, 2653B. 
Benzylamine, decomposed, 2638. 

— , hydrogenated, 2257, 2261. 

— , product, 2609-2612, 2614D, 2633-2635. 
2640B, 2653B. 

Benzylaminocarboxylic acid, product, 2688. 
Benzylaniline, hydrogenated, 2262, 2549. 
Benzyl benzoate, fission-hydrogenation, 1896. 
Benzyl-benzylidene-acetone, product, 1968. 
Benzyl cyanide, hydrogenated, 2640E. 
Benzylcyanoacetate, hydrogenated, 2628. 
Benzylcyclohexanol, product, 2146. 
Benzyldiethylamine, product, 2693. 

Benzyl ethers of sugars, hydrogenation of. 
1768. 

Benzylethylamino, hydrogenated, 2693. 
Benzyl ethyl ether, product, 1932. 
Bensylidene-acetophenone, hydrogenated, 
1970. 

Benzylidene-aniline, hydrogenated, 2681 A. 
Benzylidene azine, hydrogenated, 2681. 

Be nxyiidene- benzylamine, from benzylamine, 
2638. 

Benzylidene chloride, dehalogenated, 2900B. 
Benzylidenecyanoacetio acid, hydrogenated, 
2628. 

Benzylidene-methylhydrindone, hydrogen- 
ated, 2812B. 

Benzylidenepulegone, hydrogenated, 2445. 
Benzylidene tetrahydronaphthalene ketone, 
hydrogenated, 1987. 

Bensylidenethebainono, hydrogenated, 1976. 
Benzylmenthone, product, 2445. 
Benzyl-methylamino-cyclohexone, hydrogen- 
ation, 2266. 

Benzyl-methylhydrindone, product, 2812B. 
Benzylmorphine, hydrogenated, 2830. 

Benzyl oleate, hydrogenated, 3230, 3237, 
3239. 

Benzylparaphenetidine, product, 2695. 
Benzylphenol, hydrogenated, 2147. 

— , product, 2153. 

Benzylphthalide^jrthocarboxylic, acid, 1935, 
1936. 

Benzyl pyrim id azolone, product, 2789. 

Be nzylpyro racemic acid, hydrogenated, 2688. 
Benzylstyrol, hydrogenated, 1808. 

Benzyl tetrahydronaphthalene ketone, prod- 
duct, 1987. 

Benzyl the bainone, product, 1976. 
Berginization, alternation of pressure, 4612A. 
— , anthracite converted to caking coal by, 
4466. 

— , anti-dissociating action of hydrogen, 4447- 
4450, 4457. 

— , anti-knock product, 4026. 
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Serginixation, asphalt treated, 4807-4810. 
— , association with other processes, 4465. 
— , attempts to use sodium formate and car- 
bon monoxide, 4459. 

Rergmixation (catalytic), ammonium molyb- 
date catalyst, 4443. 

, carbonisation products (middle fractions) 

treated, 4475. 

— , catalysts, 4520-4534, 4665A. 

— , cellulose treated, 4509-4511. 

— , comparison of catalysts, 4501, 4513. 

— , directive r6le of catalysts in, 4502, 4504, 
4505, 4511, 4512. 

— , fatty oils treated, 4455. 

— , ferric oxide catalyst, 4443, 4501. 

— , flexible industrial process, 4464. 

— , halogen compounds as catalysts, 4532- 
4534. 

— , iodine as catalyst, 4533, 4534 
— , naphthalene treated, 4504. 

— , nickel oxide catalyst, 4443. 

— , nitrogen compounds as catalysts, 4515, 
4516, 4517. 

— , substitutes for hydrogen, 4516. 

— , sulphur compounds as catalysts, 4517, 
4531. 

— , various coal products, 4517. 
Derginixation, cellulose treated, 4461, 4509- 
4511. 

— , characteristics of, 4503. 

— , charging reaction vessel, 4601, 4602, 4613, 
4613A. 

— , circulation of hydrogen and reactants, 
4519. 

— , coke-oven tars treated, 4471. 

— , combined with carbonisation, 4474. 

— , continuous process, 4601, 4690. 

— , construction materials, 4610, 4614-4616. 
— , early applications to coal, 4434-4436. 

— , early patents, 4432, 4434-4436. 

— , early work on petroleum hydrocarbons, 
4432. 

— , electric heating, 4617. 

— , experimental results with various coals, 
lignites, and semi-cokes, 4438, 4439, 
4441, 4442, 4444, 4451. 

— , experiments on artificial coal, 4433. 

— , experiments on cottonseed oil, 4454- 
4454C. 

— , — , contrast with cracking, 4454—44 54C. 
— , experiments on parabituminous coal, 
4441, 4442. 

— , experiments on paraffin wax, 4456-4460. 
— , exploitation, 4669— 4672B. 

— , extraction of products with solvents, 
4633 -4 633 F. 

— , fall of pressure in, 4450. 

— , financial aspects (costs), 4669, 4674, 4680. 
— , gas compression energy utilised, 4630, 
4630A, 4672B. 

— , gases, conversion to liquid hydrocarbons, 
4666, 4G66A. 


Berginization, gases, production of alcohols, 
4665. 

— , — , treatment with halogens, 4668A. 

— , hydrogen absorbed by steel used in, 
4614A. 

— , hydrogenation of brown coal without 
“solvent," 4451. 

— , improving economy of, 4672 A. 

— , influence of quality of coal, 4441, 4444. 

— , influence of water in, 4439. 

— , Ipatiev’s explanation, 4449A. 

— , Kling and Florentine explanation, 4447, 
4449. 

— , Leuna plant, 4671. 

— , lignin r6le in, 4449. 

— , lignite-tar mixture treated, 4478. 

— , literature references, 4673-4692. 

— , lubricants, 4657, 4657A, 4657B. 

— , multistage processes, 4540-4550, 4611. 

— , nitrogen substituted for hydrogen, 4438. 
— , non-carbonyl forming alloys in appara- 
tus, 5221. 

— , phenol as “solvent," 4438, 4439, 4441, 
4442, 4445. 

— , phenol formation, 4445, 4446. 

— , preactivation of hydrogen, 4640, 4648. 

— , preheating of gases, 4608, 4609, 4610A. 
— , pressure maintenance and regulation, 
4602, 4612, 4613, 4802A. 

— , pressure-relieving construction, 4606, 
4608. 

— , pretreatment of raw material, 4619-4629. 
— , — , addition of naphthalene, 4622 A. 

— , — , ash reduction by flotation, 4619. 

— , — , desulphurization. 4629. 

— , — , extraction with solvents, 4620, 4624- 
4626. 

— , — , gravity separation, 4620. 

— , — , grinding, 4618, 4620 A. 

— , — , peat or lignite added, 4627. 

— , — , preheating, 4628. 

— , — , preheating with catalysts, 4628A. 

— , — , removal of water, 4621, 4622, 4622A. 
— , — , wetting (to prevent coking), 4623. 
Berginization products, alcohols, 4665. 

— , briquetting fuels, 4668B. 

— , aromatic hydrocarbons, 4658, 4659. 

— , centrifugation, 4633B. 

— , difference from those of carbonization, 
4651. 

— , from lignite-tar mixture, 4478. 

— , from paraffin, 4460. 

— , general character, 4651. 

— , halogenated, 4668, 4668A. 

— , in varnishes and lacquers, 4668. 

— , lubricants. 4657, 4657A, 4657B. 

— . motor fuels. 4667. 

— , oil from Arley coal, 4655. 

— , oil from lignite semi-coke, 4654. 

— , oil from Silesian coal, 4653. 

— , oxygen and sulphur compounds, 4665A. 

— , rubberlike substances, 4662, 4663. 
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Berginization products, soaps with bergin 
benzine, 4668. 

— , tars and oils from British coals, 4652. 

— , unsaturated hydrocarbons, 4663-4665, 

— , yield per ton of coal, 4649, 4650, 4692. 
Berginization, purification of products, 4633- 
4637. 

— , — , controlled distillation, 4637. 

— , — , insoluble matter separated by naph- 
thalene, 4636. 

— , — , treatment with alcohol, 4633. 

— , — , treatment with organic solvent and 
acid, 4634, 4634A, 4635. 

— , recovery of hydrogen, 4672A, 4822, 4823, 
5952, 5957. 

— , recovery of products, 4631, 4632, 4638G. 
Berginization residues, as catalysts, 4500, 
6360. 

— , as pasting medium, 4634B. 

— , treatment of, 4539. 

Berginization, secondary products, 4658- 
4668B. 

— , shales, 4444. 

— , “solvent,” early use of, 4435, 4436. 

— , “solvent,” function in continuous proc- 
ess, 4436. 

— , “solvent,” in experimental work, 4438, 
4439. 4441, 4442, 4445. 4461, 4462. 

— , “solvent,” not used, 4438, 4451, 4506, 
4507. 4510-4513. 

— , sphagnum moss treated, 4462. 

— , stirring devices, 4601, 4602. 

— , suspension of coal in a heavy oil, 4638A, 
4638B. 

— , tar oils treated experimentally, 4472. 

— , technical problems of, 4600. 

— , temperature and pressure curves, 4452, 
4460. 

— , temperature regulation, 4601, 4603- 

4609, 4610B, 4628. 

— , two-stage processes, 4535-4539, 4543. 

— , utilization of heat, 4672A, 4672B. 

— , war time importance, 4467. 

— , wax coal, 4440. 

Beryillum, promoter, 633, 1788. 
Betanaphthol ethyl ether, hydrogenation 
(industrial), non-catalytic, 4127. 
Betulin (di-acetate), hydrogenated, 3053. 
Betulol, hydrogenated, 2338. 

Bicyclo-octane, product, 2019. 
Bicyclo-octene, hydrogenated, 2019. 

Bile acids, 3054. 

Bilianic acid, hydrogenated, 3056, 3060C. 
Biliobanic acid, product, 3056, 3060C. 
Bilobol, hydrogenated, 3045A. 

Binaphthol. product, 1851. 

Birchwood tar. hydrogenated, 4449A. 
Bismuth catalysts, 626, 2128, 4522. 

— , in methanol synthesis, 5323B, 5337, 
5338. 5352. 

Bismuth, carrier. 940. 

— , hydrosol, 902. 


Bismuth, precipitated by lower oxide of 
silicon, 1144. 

ffia-cinnamylidenemalonic acid, dime ride 

from, hydrogenated, 2233. 
Bis-methylhydroxycydohexyl-propanee, prod- 
ucts, 1849. 

Bitumens, hydrogenation of, 4515-4518, 
4824. 

— , source of hydrogen, 5905. 

Bixin, hydrogenated, 3034A, 6348. 

Blast furnace, source of hydrogen, 6362. 
Blood, as catalyst poison, 6304. 

Blubber oil, butter substitute, 6330. 

Bdmer’s number, detection of hardened oils, 
3458, 3459, 6331. 

Boghead coal (Siberian), composition of, 
4444A. 

Boiling point of liquefied gases. 5803. 

Bolton and Lush plant, applications other 
than to oils, 3774. 

— , catalyst. 3747. 3749-3752. 

— , — , preparation of, 3747, 3749, 3750, 
3752. 

— , — , regeneration of, 3747, 3751. 

— , catalyst cages. 3752. 

— , operation, 3764-3770. 

— , product, 3771. 

— , vapor phase work in, 3774. 

Boric acid activators, 4975. 

Borneo!, catalytic oxidation to camphor, 
2342. 

— , hydrogenated. 1417. 

— , isomerism, 1417, 1418. 

— , product, 1936, 2340, 2343. 

Bornylamine, product, 2658. 
Bornylsemicarbazide, 2678. 

Boron, catalyst, 1327. 

Boron compounds, as promoters, 633. 

Boron halides, catalyst in petrol em hydrogen- 
ation, 5028 A. 

Boron hydride, 1327. 

Brazilin derivatives, 3022. 

Bread making, use of hardened fats, 3946. 
Brine, purification of synthol, 5472A. 
Briquetting fuels, production by berginiza- 
tion, 6358. 

Brombenzaldehyde, hydrogenated, 1909. 
Brombenzene, dehalogenated, 2902A, 2921. 
Brombenzenesulphonic acid (sodium salt), 
dehalogenated, 2941. 

Brom benzoic acid, dehalogenated. 2902A. 
Brom benzyl alcohol, product, 1909. 

Bromine, catalyst poison, 540, 1009. 
Bromo-aminobenzoylmesitylene, product, 
2574. 

Bromobenzyloxytetramethylcyclopentenone. 

attempt to hydrogenate. 2014A. 
Bromocodeine, hydrogenated. 2833. 
Bromocodeinone, hydrogenated and de- 
brominated, 2834. 

Bromodihydrocodeine. product, 2833. 
Bromodihydrovomicine, product, 2861 A. 
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Bromodinitrobensoylmositylone, hydrogen- 
ated, 2574A. 

Bromodiaminobensoylmesitylene, product, 
2574A. 

Bromohydroxycodeinone, debrominated and 
hydrogenated, 2837. 

Bromohydroxydihydrocodeinono, hydrogen- 
ated, 2839. 

Bromonaphthaldehyde, product, 2627B, 
2627C. 

Bromonaphthylmethylamino.'product, 2627B, 
2627C. 

Bromonitrobenxene, dohalogenated and hy- 
drogenated, 2902 A. 

Bromonitrobenxoylmesitylene, hydrogenated, 
2574. 

Bromstyrene, dehalogenated and hydrogen- 
ated, 2922. 

Bromvomicine, hydrogenated, 2861 A. 
Brucine, hydrogenated, 2862. 

Bruah discharge, action on fats, 5106. 
Bufagin, hydrogenated, 3047. 

Buffing powder, from hydrogenated oil, 4031. 
Butadiene, addition product, with acr&lde- 
hyde, 2246. 

— , — , with maleic anhydride, 2243. 

— , from berginization product, 4664. 

Butane, product, 1645, 2005. 

Butane-diol, product, 1658, 1720. 
Butane-dionc, hydrogenated, 1720. 
Butanolone, product, 1720. 

Butanone, hydrogenated, 1715. 
Butenecarboxylic acid, product, 1540. 
Butinecar boxy lie acid, hydrogenated, 1540. 
Butterfat, composition determined by hydro- 
genation, 3285A. 

— , detection of hydrogenated oils in, 3476, 
3477. 

Butter substitutes, 3911-3916, 3922, 3924, 
3925, 6330. 

— , test for hydrogenated oil in, 3450. 

— , Vitamin A in, 3914. 

Butyl alcohol, by fermentation, 5394, 5394A. 
— , by synthol process, 5462. 

— , from ethyl alcohol, 5467B. 

— , product, 1654, 1668, 1671-1674, 2505, 
4665, 6335. 

Butyl alcohol (secondary), product, 1645. 
Butylamine, product, 2662, 2694. 
Butylbenzene, hydrogenated, 2041. 

— , product, 1942. 

Butylcyanide, hydrogenated, 2605. 
Butylcyclohexane, product, 2041. 
Butylcyclopentene, hydrogenated, 2009. 
Butylene glycol, product, 1658. 

Butyl ether, decomposed, 1632. 
Butylfurylcarbinol, hydrogenated, 2707. 
Butylidene acetone, hydrogenated, 1716. 
Butyltetrahydrofuryl carbinol, product, 2707 
Butyraldehydo, amine from, 2662. 

— , hydrogenated, 1654, 2505, 3774. 

— , product, 1144, 1668-1673, 2505, 2910. 


Butyric acid, product, 1551, 1758, 1759, 1784 
Butyrolactone, product, 1789. 

Butyryl chloride, dehalogenated and hydro- 
genated, 2910. 

Cacao butter, 3244. 

Cadinene, hydrogenated, 2310. 

Cadinol, hydrogenated, 2339. 

Cadmium catalysts, in methanol synthesis, 
5266, 5273, 5340, 5350, 5355A, 5355B, 
5360, 5362. 

— , in berginisation, 4522, 4526A, 4530. 
Cadmium, hydrosol, 902. 

Cadmium oxide, reduction temperature, 
6307. 

Calcium hydride, source of hydrogen, 6129, 
6130. 

— , use in catalytic hydrogenation, 1428, 
1608. 

Calcium, in hydrogenation of ethylene, 1608. 
Calcium metasilicate, as carrier, 678. 
California crude oil, hydrogenated, 4840, 
4842. 4844, 4860. 4902, 4902 A. 
Camphane carboxylic acid amide, product, 
2409. 

Camphanes, products, 2305-2309. 
Camphenes, hydrogenated, 2305-2309. 
Camphene carboxylic acid, hydrogenated, 
2408. 

Campholanic acid, product, 2412, 2413. 
Campholenamidc, product, 2413. 
Campholenic acid, hydrogenated, 2412. 
Campholid, product, 2411. 
Camphomethylaminomethylene camphor, 
product, 2631. 

Camphor, hydrogenated, 1936, 2340-2343. 

— , hydroxymethylene derivative, hydrogen- 
ated, 1945. 

— , product, 681, 2342. 

Camphor bomyl ether, product, 2344. 
Camphor enol ethyl ether, hydrogenated, 
2344. 

Camphoric anhydride, hydrogenated, 2411. 
Camphorone, hydrogenated, 2415. 
Camphoroxime, hydrogenated, 2658. 
Camphor semicarbaxone, hydrogenated. 
2678. 

Camphorylidenepropionic acid, hydrogenated, 
2414. 

Camphorylpropionic acid, product, 2414. 
Camphylamine, product, 2658. 
Campnospermonol, 1984. 

Campnospermonyl methyl ether, hydrogen- 
ated, 1984. 

Candelite, 3415, 3422, 3424, 3425. 

Candle industry, hydrogenated oils in, 4033. 
Caoutchouc, hvdrogenated, 6355. 

Caprylene, hydrogenated, 1623. 

Capsanthin, hydrogenation of, 3029. 

Carane, isomerised, 6308. 

Carbasole, hydrogenated, 2276. 
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Carbazoles, hydrogenated, 2277. 
Carbcthoxy-alkylpiperidones, hydrogenated, 
2750. 

Carbcthoxy-dicarbcthoxyvinylindole, hydro- 
genated, 2811. 

Carbethoxy-methylpyrryl carbinol, product, 
2722. 

Carbides, metallic, as catalysts, 4527, 4527A. 
Carbimides, 1874. 

Carbocyclic compounds, non-nuclear hydro- 
genation of, 1900-1994. 

— , nuclear hydrogenation, 2000-2087. 
Carbocyclic hydroxyl compounds, non- 
nuclear hydrogenation, 1819-1852. 
Carbolyais, 4871. 

Carbomethoxy-mothylbenzyldike to pipera- 
zine, product, 2784. 

Carbon, carrier, 944. 

— , in mixed catalysts, 642-648. 

Carbon black, produced, 5426, 5426A, 5735A, 
5902-5904, 5910, 5915, 5918, 5919, 
5929. 

Carbon, colloidal, as catalyst, 4801B 
— , Conradson, 4851-4854. 
Carbon-detachability, 4848. 

Carbon dioxide, absorbents for, 5718. 

— , activity of catalysts cooled in, 1109, 
1111, 1113. 

— , formed in methanol decomposition, 5256A. 
— , removed from water-gas, 5634. 

Carbon disulphide, catalyst poison, 520, 522, 
539. 

Carbonization, combined with berginization, 
4474. 

— , low-temperature, in presence of tetralin, 
6353. 

Carbon monoxide, action on copper catalyst, 
669. 

— , activation, 5365A. 

— , adsorption of, by metallized gels, 669. 

— , ammoniac al cuprous formate as absorb- 
ent of, 5366. 

— , catalyst poison, 401, 500, 618, 619, 542, 
543. 

— , coal hydrogenation with, 4413-4422. 

— , compressibility isotherms, 6399 A. 

— , formation of carbon from, 6408, 5410. 

— , from methane, 5418. 

— , hydrogenation of, 6209-5573, 6361. 

— , in gas for hardening oils, 3342, 5608, 5609. 
— , interaction between carbon and carbon 
dioxide, 5367. 

— , laboratory preparation, 5241A. 

— , necessity of drying, 5376. 

— , preparation and purification, 6366-5372. 
— , produced from methanol, 5254, 5256A. 

— , production of aromatic hydrocarbons 
from. 5429, 5430. 

— , purification, 5627-5634, 6361. 

— , reduction to methane, 5409-5430. 

— , — , catalysts, 5403, 5494, 5406, 6410- 
5412. 


Carbon monoxide, reduction to methane, 
equilibria, 5417. 

— , — , " hot-cold tube," 5405-5407. 

— . — . optimum pressure, 5403. 

— » — . optimum temperature, 5409. 

— , — , promoters, 5411. 

— , — , r61e of nickel carbide, 5415. 

— , removal from gases, 5731-5736, 5809- 
5838. 

— , removal of volatile iron compounds, 5368, 
6369, 5375. 

— , storage, 5243. 

Carbon-nickel catalysts, 642-648. 

Carbon steel, action of hydrogen on, 6231. 
Carbonyl compounds, bases from, 2699-2693. 
Carbonyl-forming metals, avoidance of, in 
methanol synthesis, 5229-5222. 
Carbonyl group in aromatic compounds, 
copper as catalyst for hydrogenation. 
1935, 1936. 

Carbonyl group, reduction favored by pure 
platinum catalyst, 1645. 

Carbonyls, metal, 1331-1365, 6314-6318. 

— , — , catalysts from, 1331. 1356, 5542, 5543. 
— , — , manufacture, 1349-1355, 6315. 

— , — , precautions to exclude in reduction 
of nitro-compounds, 2526. 

— , — , removal from gases, 5394, 5368, 6316. 
— , — , removal from methanol, 1362. 

— , — , thermal decomposition, 1331-1349, 
5331. 

Carborundum, carrier, 653. 

Car boxy benzyl acetate, fission-hydrogena- 
tion of, 1896. 

Carboxybenzylphthalide, product, 1935, 1936. 
Carboxy cyclohexyl butyric acid, product, 
2214. 

Car boxy dimethylmethylenepyrrolidinium 
bromide, hydrogenated, 2729. 
Carboxylic acids, hydrogenated, 1788, 1876. 
Carboxy-methylbenzaldiketopiperazine (me- 
thyl ester), hydrogenated, 2784. 
Carboxyphenyl-butyric acid, hydrogenated. 
2210, 2214. 

Carboxyphenylcyclohexyl-butyric acid, prod- 
uct, 2210. 

Carboxytrimethyl-pyrrolidinium bromide, 
product, 2729. 

Carone, hydrogenated, 2417. 

Carotin, hydrogenated, 3030, 3031. 

Carriers, 649-686. 

— , adsorptive power of, and catalytic activ- 
ity, 656, 656 A. 

— , alumina, 653, 667, 947, 949-953. 

— , aluminum, 938, 940. 

— , alundum, 653, 665. 

— , anti-catalytic action of some, 937, 939, 
940. 

— , asbestos. 650, 653. 947, 1104. 

— , barium sulphate, 653. 

— , bauxite, 653. 

— , bismuth, 940. 
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Carriers, calcium metasilicate, 678. 

— , carbon, 944-946. 

— , carborundum, 653. 

— , cellulose, 650. 

— , ceramic surfaces, 653. 

— , coria, 5954. 

— , charcoal, 653. 

— , clay, 650, 657, 665, 5945. 

— , cobalt compounds, 939, 940. 

— , cotton, 650. 

— , depositing platinum on exterior of, 941. 
— , diatomite brick, 655. 

— , difficultly reducible metal oxides, 5036. 
— , early use of, 650. 

— , effect of, on catalytic activity, 654-656 A. 
— , fibrox, 653. 

— , for methanol catalysts, 5022 A, 6310, 
6311, 6346. 

— , free from silica, 4929. 

— , fuller’s earth, 653. 

— , glass, 650. 

— , graphite, 653. 

— , guncotton, 650. 

— , hydrated sesquioxides, 948-953. 

— , impurities of, as catalyst poisons, 560. 

— , increase hydrogen adsorption capacity, 
1028, 1029, 1030. 

— # influence on noble metal catalysts, 937- 
940. 

— , iron, 938, 940. 

— , iron hydroxide gel, 676. 

— , kaolin, 653. 

— , kieselguhr, 650-660, 665, 1107, 5416A. 

— , lead. 938, 940. 

— , magnesia, 947. 

— , magnesium, 938. 

— , magnesium compounds, 939, 940, 949A, 
5945. 

— , metallic oxides, 653. 

— , metals, 653, 938. 

— , mica. 653. 

— , monox, 667. 

— , nickel, 938. A 

— , nickel compounds, 939. 

— , nickel oxide, 1245. 

— , noble metals on, 937-958. 

— , organic fibres, 650. 

— , oxidation catalysts, 5416A. 

— , permit high reduction temperature, 1030, 
1031, 1034, 1044. 

— , permit low temperature reduction, 654, 
655. 

— .pumice, 650, 651, 665, 681, 1104, 5008, 
5416A, 5766. 

— , silica, 653, 667-679, 1141, 5945. 

— , slagwool, 650. 

— , sodium silicate, 5019. 

— , sorption of hydrogen on, 879. 

— , sponge, 650. 

— , stannic oxide gel, 667. 

— , talc, 653. 

— , tunstic oxide gel, 667. 


Carriers, with nickel catalysts, 1101. 

— , zeolite, 954-957. 

— , zinc compounds, 938-940. 

Carvacrol, hydrogenated, 2135. 
Carvomenthene, 2311, 2318. 

Carvomenthol, 2420. 

Carvomenthone, product, 2118, 2421. 
Carvone, hydrogenated, 2419-2422. 
Carvotan-acetone, product, 2420. 
Caryophyllene, hydrogenated, 2312, 2312A. 
Caryophyilenecyclopropane carboyxlio acid, 
hydrogenated, 2312B. 

Casein, solution in hexalin, 6357. 
Casing-head gas, tetralin as absorbent of, 
4207. 

Castor oil, acetyl value of hardened, 3426- 
3428. 

— , distilled, 1757. 

— , fat-splitting reagent made with hydro- 
genated, 4034. 

— , hydrogenated, as insulating material, 
4039. 

— , hydrogen value, 3216. 

— , partial hydrogenation of. 1776, 1778. 

— , production of greases, 6330. 

Castor oil-colophony mixture, hydrogenated, 
4187. 

Castor oil soap, effect of adding to soap from 
hydrogenated oil, 4012. 

Catalysis, “at a distance,” 331. 

— , by solid surfaces, 342. 

— , chemical theory, 303. 

— , definition, 100, 120, 121. 

— , intermediate compound theory, 306, 307. 
— , negative, see Negative catalysis. 

— , physical theories, 304, 305. 

*-, radiation theory, 305. 

— , wall reactions, 374, 375. 

Catalyst filtration, in oil hardening, 3708, 
3744-3746. 

Catalyst poisons. 312, 500-572, 1009. 6304, 
6306. 6361. 

— f acetone, 539. 

— , acid and basic substances as, 538. 

— , acids (fatty), 562-565. 

— f acids (mineral), 539. 

— , act in definite proportions, 567. 

— , allylthiocarbamide, 559A. 

— , alkaloids, 544, 567. 

— , antimony bromide, 540. 

— , arsenic, 523, 525, 539, 571. 

— , bromine, 540, 1009. 

— , carbon disulphide, 520, 522, 539. 

— , carbon monoxide, 500, 518, 519, 642, 543, 
569. 

— , chlorine, 541, 1009. 

— , chloroform, 539. 

— , copper hydroxide, 571. 

— , definition, 400. 

— , distinguished from negative catalysts, 
502, 503. 

— , for iron catalyst, 572. 
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Catalyst poisons, gelatin, 031. 

— , halogens and halogen compounds, 523 
540, 1009. 

— , hydrocyanic acid, 520, 522. 

— , hydrogen sulphide, 520, 522, 540, 541, 
570. 

— , importance of, 501, 509-511. 

— , impurities in catalyst carrier, 560. 

— , in commercial ethylene, 1602. 

— , in fatty oil hardening, 537-561. 

— , influence of support on resistance to, 530. 
— , iodine, 540, 1009. 

— , iron compounds, 526. 

— , lead, 540, 570. 

— , mercuric chloride, 567. 

— , mercury, 540, 571. 

— , metallic soaps, 544. 

— , negative catalysis and, 1 19. 

— , nickel compounds, 526. 

— , phosphorus, 539, 540. 

— , potassium cyanide, 520, 522, 567. 

— , pretreatment of oils to remove, 546- 
559 A, 562-566. 

— , prevention of formation, 561. 

— , quinine hydrochloride, 567. 

— , removal from gases, 534, 5735, 5737, 5838. 
— , removal from naphthalene, 535, 536. 

— , removal with spent catalyst, 548-550. 

— , removed by alkali refining, 559A. 

— , removed by copper hydrate, 551-558. 

— , removed by distillation, 566. 

— , removed by fuller’s earth, 559. 

— , rubber, 931. 

— , selective action of, 512-515, 531, 532. 

— , selenium, 1009. 

— , sensitiveness of different preparations, 
520-522. 

— , sodium sulphite, 541. 

— , sulphur, 523-525, 539-541, 571, 1009, 
5607. 

— , — , regeneration of catalyst, 533. 

— , — , used to limit hydrogenation, 2522. 

— , sulphur chloride, 540. 

— , sulphur dioxide, 541. 

— , thiocarbamide, 567. 

— , tin chloride, 540. 

— , transitory or permanent, 505-508. 

— , used to limit reaction, 531, 532. 

— , *inc, 571. 

— , xinc chloride, 540. 

Catalysts, adherent, 5019. 

— , adsorptive capacity, 208-210. 

— , alkaline. 2248. 

— , alloys as source of, 681 A, 964, 1070 
1071. 

— , aluminum boride, 1327. 

— , analogy with lubricant, 125. 

— , and equilibrium, 126-134. 

— , area of surface, 334-337. 

— , base exchange, 1322, 5724A. 

— , base metal non-nickel, 1300-1325. 

— , bismuth, 626, 2128. 


Catalysts, boron, 1327. 

— , chromium game, 1050. 

— , cleaning, 5021. 

— , cobalt, from carbonyl, 1358. 

— , colloidal, $ee also Organosols. 

— , colloidal, germ method. 908, 909. 

— , — , preservation of, 934. 

— , colloidal clay, 1328. 

— , concentration of, influence on reaction 
rate, 424. 

— , copper, 1002, 1325. 

— , — , activation by alternate oxidation and 
reduction, 1312. 

— , — , for hydrogonation of carbonyl group 
at high pressures, 1935, 1936. 

— , — , for methanol synthesis, 1304-1310. 

5263-5267, 5276-5278, 5333-5365. 

— , — , gauxe, 1050. 

— , — , new functions of, 1323, 1324. 

— . — , porous, 1072. 

— , — , promoted, 2517. 

— , — , special for reduction of nitro-com- 
pounds, 2524, 2551. 

— , copper oxide, alkaline, for ester reduc- 
tion, 1313. 

— , copper oxide and hydride (alkaline), 1755. 
— , copper-silica gel, 668-671, 94fi. 

— , definition, 106, 120, 121, 135. 

— , dehydration, 4513A. 

— , dehydrogenation, 6319. 

— , directive effect of, 136, 137. 

— , dust particles as, 375. 

— , effect of heat on, 216. 

— , exhausted, examination of, 545, 546. 

— , ferrous oxide (for phenols), 1824. 

— , finely divided, 6313. 

— , formates, 663-666. 

— , gold-silica gel, 668, 942. 

— , heated by radiation, 6360. 

— , initiation of reaction by, 122-125. 

— , in lime process, 5756. 

— , in pellet form, 5357, 5365, 5532. 

— , in phosphorus process, 5765-5771, 5774, 
5776. 

— , in water-gas process, 5704-5737. 

— . iridium. 800, 803, 881, 960, 1144, 2254. 

2734, 2736. 

— , iron, porous, 1072. 

— , iron-charcoal, special for hydrogenation 
of cresols, 1829. 

— , iron oxide, preparation, 1316-1319. 

— . irradiated, 349, 5550, 6330. 

— , lattioe structure of, 315. 

— . lead. 1321. 

— , metal, reduction temperature, 1004. 

— , metallised gels, 667-680. 942, 943. 

— , metals from carbonyls. 1331-1348, 1356, 
1358, 5331. 

— , metals precipitated by more electroposi- 
tive metals. 1142, 1143. 

— , methanol synthesis, 4536, 5207, 5256A- 
5278, 5322-5373, 6361. 
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Catalyst*, methanol synthesis, freedom from 
iron, cobalt and nickel, 5333, 5340, 
5350. 5360, 5364. 

— , — , see also Methanol synthesis, catalysts, 
— , molybdenum, from carbonyl, 1358. 

— , naphthalene, industrial hydrogenation, 
4113—4123. 

— , nickel. 1000-1068. 

— , nickel for hydrogenation of nitro- 
compounds, 2505. 

— , nickel on asbestos, 661, 662. 

— , nickel on kieselguhr, 650-660. 

— , nickel on silica, 673-677. 

— , nickel, simple preparation, 730, 731, 732. 
— , noble metal, non-colloidal, 800-881. 

— , — , on carriers, 937. 

— , noble metal and nickel, comparison, 802, 
803. 

— , non-hydrogenating catalysts usod in 
hydrogenation, 1820. 

— , non-sludging, 6360. 

— , oil hardening, comparison, 3338. 

— , — , with non-metal promoters, 634-647. 

— , organo-mctallic, 1363. 

— . organosols, platinum group. 925-932, 934. 
— osmium. 881, 922-924, 947, 1144, 1646, 
2253, 2734-2736, 2768. 

— , palladium, 800, 803, 865-880, 1002, 3243, 
3244. 

— . — . Adams', 856, 878. 

— , — , industrial use of, 880, 

— , — , influence of carriers on, 937-939. 

— , — , on kieselguhr, 652. 

— , — , Paal's, 867-872. 

— , — , Skita’s methods, 873. 

— , palladium -silica gel, 668-671, 942, 943. 
— , particle she as directive factor, 2185. 

— , platinum, 800-803, 821-864, 959, 960. 
— , — , influence of carriers on, 937, 940. 

— , platinum-aluminum silicate (seolite), 
954-957. 

— , platinum-black, 824-829. 

— , — , Paal’s, 828. 829. 

— , — , sensitive to chlorides, 827/| 

— , platinum group, colloidal, 900-936. 

— , platinum group metals, 959-963. 

— , platinum-silica gel. 668-671, 942. 

— , platinum sponge, 823. 

— , porous metal, 1072. 

— , pretreatment, 4534A, 4534B. 

— , raw materials compared, 1025, 1026, 
1038, 1039. 

— , regeneration, 5021, 5347. 

— , rhodium, 803, 917, 959, 960. 

— , ruthenium, 800, 803. 

— , — , on carriers, 947. 

— , separation and retention in oil hardening, 
3513. 

— , silver, for nitrobenzene reduction, 2534, 
2535. 

— , — , precipitated by chromous salt, 1314. 
— , silver-silica gel, 668, 942. 


Catalysts, sintering, 568. 

— , solvents as, 138-142. 

— , specifically selective, preparation of. 340. 
— , specificity and atomic distance, 318, 339. 
— , "splitting,” 4550. 

— , subdivision and activity, 363. 

— , substitution, 4513A. 

— , sulphactive, 4814, 4834, 4846, 6358, 6360. 
— , supports for, see Carriers. 

— , temperature of activity, 400. 

— , thallium, 2538. 

— , thin layer on conducting metal, 1069. 

— , tin, 1320. 

— , — , for hydrogenation of nitro-com- 
pounds, 2506. 

— . — f porous, 1072. 

— , titania, for hydrogenation of nitro- 
compounds, 2507. 

— , treated with Roentgen rays, 6360. 

— , tungsten lamp filament, 356. 

— , with non-metal promoters, 634-647. 

— , X-ray examination of, 315, 338, 339, 
360. 

— , ainc formate, 1167. 

Catalytic activity, and adsorptive power of 
metals compared, 1302, 1303. 

— , measure, 318. 

Catalytic adsorption, chemical character of, 
213. 

Catalytio berginiiation, see Berginhation 
(catalytic). 

Catalytic chemistry, early history, 107-110. 
Catalytic surface, oxidation and reduction 
of metal, 1049-1055. 

— , Taylor’s conception of, 217, 314-319. 
Catalytic theory, summary, 327. 

Catalytio water-gas reaction, 5700 
Catenary, catalyst in form of, 6360. 
Cellulose, attempt to berginhe with carbon 
monoxide, 4459. 

— , carrier, 650. 

— , hydrogenated, 1753 A, 4509-4511. 6334. 
Cellulose ester solvents, aynthol, 6540A. 
Ceramic surfaces, carrier, 653. 

Cerebronic acid, product, 1779. 

Cerebrosides, hydrogenated, 1779. 

Cerium catalysts, in methanol synthesis. 
5323, 5339, 5340, 5345, 5350, 5358, 
5360. 

Cerium compounds, catalysts in berginiia- 
tion, 4937, 5019, 5022 A. 

Cerium, promoter, 1788, 5410. 

Cesium, as hydrogenation catalyst, 6303. 
Chalcone, hydrogenated, 2433, 2434. 
Chalcone derivatives, hydrogenated, 6348. 
Chamaaulene, hydrogenated, 2302. 

Charcoal, absorbent for para-hydrogen, 6300. 
— , adsorptive power of, 1329, 1330. 

— , carrier, 653, 945, 946. 

— , catalyst, 4526, 4527, 5013, 5724, 5769. 

— , deodorixation of cracked vapors, 5037. 

— , hydrogenation of, 4404. 
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Charcoal-nickel catalyst*, 642-648, 5410, 
5412. 

Chaulmoogric acid, hydrogenated, 2015. 

Cheese, mixture with hardened fat, 3945. 

Chelidonic ester, hydrogenated, 6345. 

Chill rolls, for lard substitutes, 3903-3905. 

China wood oil, see Tung oil. 

Chloraniline, product, 2505, 2927. 

Chlorination of petroleum, 5043. 

Chlorindane, 6355. 

Chlorine, catalyst poison, 541, 1009. 

Chloro-alphanaphthylamine, product, 2505. 

Chloroaminophenol, product, 2505. 

Chlorobenzaldehyde, hydrogenated, 1900, 
1909. 

Chlorobenzenes, aniline and paratoluidine 
from 2924. 

— , carboxylic acids from, 2924. 

Chlorobenzoic acid, dehalogenated and hy- 
drogenated, 2931. 

Chlorobenzonitrile, hydrogenated and de- 
chlorinated, 2614D. 

Chlorobenzylamine, product, 2614D. 

Chlorobutyric acid, hydrogenated, 6332. 

Chlorocaffeine, dehalogenated, 2902A. 

Chlorocamphane carboxylic acid amide, 
dehalogenated and hydrogenated, 
2409. 

Chlorocinnamic acid, dehalogenated and 
hydrogenated, 2902A, 2932. 

Chlorocodeine, hydrogenated, 2833. 

Chlorocro tonic acid, dehalogenated, 2902A, 
2928. 

Chlorocymenesulphonic acid, dehalogenated, 
2941. 

Chloroform, catalyst poison, 539. 

Chloromenthol, dehalogenated, 2938. 

Chloronitrobenzenes, hydrogenated, 2516, 
2926, 2927. 

Chlorophonylacetic acid, product, 1896. 

Chlorophyll, hydrogenated, 6348. 

Chloroplatinic acid, variation in composition, 
841. 

Chlorotetralin, insecticide, 4270. 

Chlorotoluene, hydrogenated, 2925. 

Cholestanc, product, 3006, 3007. 

Cholestanol, product, 3009. 

Cholcstanone, product, 3008, 3009. 

Cholesterol, hydrogenated, 2568, 3001-3006, 
3009, 6347. 

— , in hardened oils, 3410. 

— , internal hydrogenation, 3008. 

Cholesteryleno, hydrogenated, 3005, 3007. 

Cholesteryl paranitrobenzoate, hydrogen- 
ated, 2568. 

Chromium carbonyl, 6314. 

Chromium catalysts, by thermal decomposi- 
tion, 5362, 5363. 

— , for production of hydrogen from hydro- 
carbons, 5951, 5963. 

— , gauze, 1050. 

— , in berginization, 45 13 A, 4526, 4526A, 


4528, 4529, 4534C, 4818, 4820, 4829, 
4931, 4943, 4966E, 4975, 5022A, 6358- 
6360. 

— , in methanol synthesis, 5256 A, 5266-5277, 
5333-5352, 5355A, 5360-5365. 

Chromiun compounds, as promoters, 633. 

Chromium-magnesium alloy, catalyst from, 
681. 

Chromium-steels, for autoclaves, 4615, 4617. 

Chromous salts, precipitant for met&llio 
catalysts, 1314. 

Chrysalis oil, 3329, 3276-3279, 6329. 

Chrysene, hydrogenated, 6355. 

Cinchene, hydrogenated, 2822A. 

Cinchonidine, hydrogenated, 2818, 2821. 

Cinchonine, hydrogenated, 2732, 2819-2820, 
6344. 

Cinchotine, product, 2819. 

Cinnamalcyclohexylamine, hydrogenated, 
1858. 

Cinnamaldehyde, hydrogenated, 1144, 1910- 
1912, 2689, 6325. 

Cinnamaldehyde diethylacetal, 1557, 1933. 

Cinnamalethylamine, hydrogenated, 1860. 

Cinnamene, hydrogenated, 2036. 

Cinnamic acid, hydrogenated, 1643A, 1876- 
1882, 2218A, 6320, 6333, 6352. 

— . product, 1548, 1549, 1550. 

Cinnamic acids, isomerism, 1419. 

Cinnamic alcohol, hydrogenated, 2107. 

Cinnamonitrile, hydrogenated, 2505. 

Cinnamoylpyruvate (ethyl), hydrogenated, 
1895. 

Cinnamyl alcohol, product, 1542. 

Cinnamylaldoxime, hydrogenated, 2653C. 

Cinnamylcocaine, hydrogenated, 2827. 

Cinnamylideneacetic acid, product, 1560. 

Cinnamylidene-cyclohexylamine, hydrogen- 
ated, 2270. 

— -hydrindone, hydrogenated. 2812A. 

— -malonic acid, product, 1560. 

paraphenetidine, hydrogenated, 2695. 

Circulating hydrogen (hot), Ellis' inductor 
for, 3568, 3569. 

Cvi- and (rans-ethylenic forms, differentiated 
by hydrogenation, 1419, 1420, 6327. 

Cis-ethylenic compounds, formation of, 1420, 
1554, 6327. 

Citraconic acid, adsorption on platinum, 
6306. 

— , hydrogenated, 1791. 

Citraconic and mesaconic acids, isomerism, 
1419. 

Citral, hydrogenated, 2319, 2400-2404. 

Citral and ammonia, compound hydrogena- 
tion, 2691. 

Citrates, use in preparing electrolytic hydro- 
gen, 6034. 

Citric acid, hydrogenated with decomposi- 
tion, 1783. 

Citronellal and geraniol, rates of hydrogena- 
tion compared, 2353A. 
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Citronollal, ether from, hydrogenated, 2367. 
Citronellal, hydrogenated, 2405, 2405A, 6346. 
— , product, 2402, 2404. 

CitroneUol, product, 2353A, 2354, 2402-2404. 
Civetone, hydrogenated, 1747. 

Clarain, berginization experiments on, 4438. 
Clark's continuous process, 4966A. 

Clay, carrier, 650, 657, 065. 

— , catalyst, 1328. 

Coal, Sergius’ artificial, 4433. 

Coal-gas, removal of carbon monoxide, 5839. 
Coal, hydrocarbons from, 5501. 

Coal, hydrogenation of, 4400-4732, 6358-6360. 
— , — , see also Berginization. 

— , — , arc hydrogenation, 4716-4718. 

— , — , aromatic hydrocarbons produced, 
4704. 

— , — , attrition with liquid hydrocarbons, 
4706. 

— , — , Bianchi and Guard abassi method, 
4701, 4702. 

— , — , Brutxkus method, 4 700 A. 

— , — , caustic soda emulsion, 4428A. 

— , — , coal tar hydrogenated, 4726-4730. 

— , — , distillation in powder form, 4703, 

4709. 

— , — , distillation under high hydrogen pres- 
sure, 4431. 

— , — , exchange hydrogenation, bituminous 
distillates, 4707, 4721, 4722. 

— , — , experiments with carbon monoxide, 
4413-4422, 4459. 

— , — , experiments with hydriodic acid and 
phosphorus, 4405, 4406. 

— , — , experiments with sodium carbonate 
and hydrogen, 4425-4428. 

— , — , experiments with sodium formate, 
4407-4412, 4459. 

— , — , high frequency treatment, 4712. 

— , — , hydrides as source of hydrogen, 

4710, 4711. 

— , — , hydrogen produced, in presence of 
coal, from steam and iron, 4424. 

— » — . hydrogenated organic compounds as 
hydrogen carriers, 4720. 

— , — , influence of age of coal, 4405. 

— , — , lignite tar oils desulphurized and 
hydrogenated, 4723. 

— , — , mixture with hydrocarbon and alka- 
line earth nitrate, 4428B. 

— , — , orientation by catalysts, 4464. 

— , — , processes criticized, 4470. 

— , — , simultaneous cracking and hydrogen- 
ation, 4704A. 

— , — , spraying catalyst-coal mixture with 
hydrogen, 4713, 4714. 

— , — , tar hydrocarbons, 4726. 

— , — , two-stage process, 4525. 

— , — , use of electrolytic hydrogen, 4719. 

— , — , use of hydrogen alone, 4414, 4416, 
4418, 4430, 4431, 4433. 

— , — , use of nascent hydrogen, 4718A. 


Coal, hydrogenation of, use of powdered coal, 
4709. 

— , — , use of tetralin, 6353. 

— , — , with steam, alkalies, and catalysts, 
4428. 

Coal, improvement of caking properties, 
4620A. 

— , low-temperature carbonization, 4469, 
6353. 

— , — , middle fractions hydrogenated, 4475. 
— , plasticity of, before and after berginiza- 
tion, 4482. 

— , pulverized, hydrogenation of, 4703. 

— , pyrogenic decomposition with hydrogen, 
4449 A. 

Coal suspensions, agitation, 4962C. 

Cobalt, co-catalyst, 1051. 

— , precipitated by lower oxide of silicon, 
1144. 

— , precipitated by more electro-positive 
metal, 1142. 

— , precipitated from solution by hydrogen 
underpressure, 1145, 1147. 

— , thin layer on conducting metal base, 1069. 
Cobalt carbonyl, 1354-1358, 6314, 6318. 

— , production of catalyst from, 5542, 5543. 
Cobalt catalysts, for production of hydrogen 
from hydrocarbons, 5945, 5963. 

— , from carbonyl, 1358. 

— , in berginization, 4513, 4513A, 4517, 4529, 
4538, 4546, 4819, 4820, 4829, 4931, 
4943, 5003, 5004, 6021A, 5022 A. 

— , in methanol synthesis, 5258, 5274, 5345, 
53 55 A, 5360, 5360A. 

— , in water-gas process, 5501, 5710-5715. 
Cobalt compounds, as carriers, 939, 940. 
Cobalt oxide, reduction of, 1024. 

Cobalt silicate, catalyst raw material, 1026. 
Co-catalysts, 600-612. 

— , copper-platinum, 620, 621. 

— , nickel-cobalt, 623-630, 1051. 

— , nickel-cobalt-copper, 623. 

— , nickel-copper, 603, 613, 616, 619, 625. 

— , nickel-palladium, 627. 

— , nickel-zinc, 626. 

— , ailver-copper, 603. 

Cocoanut oil, hydrogenated, 3349, 3404, 
3409. 

Codeine, hydrogenated, 2832. 

Cod liver oil, hydrogenated, 3244, 6304, 6328. 
— , stable emulsions, 3965. 

Cod oil, 3407. 

— , pretreated to remove catalyst poisons, 
551-554. 

Coke, effect of heating with various gases, 
4481. 

— , experimental hydrogenation lignite coke, 
action of steam, 4429, 429A. 

— , formation suppressed by hydrogenolysis 
of oils, 4811, 4966E, 5034. 

— , hydrogenation of, 4417. 

Coke-oven gas, caloric value improved, 4731. 
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Coke-oven g&8, composition, 5605, 5830. 

— , hydrogen obtained by liquefaction proc- 
ess, 5827-5834. 

— , liquefaction, 5825, 5827-5838, 5932. 

— , nitrogen oxides removed, 5835. 

— , purification, 5832. 

— , source of hydrogen by electric treatment, 
6149. 

— , thermal decomposition, 5931. 

Colchicine, hydrogenated, 2866. 

Collidine, hydrogenated, 2732. 

Colloidal catalysts in petroleum hydrogena- 
tion. 6360. 

Colloidal solutions of metals, 902. 

Colloid mill treatment, effect on supported 
catalyst, 682. 

Colloid, protective, ate Protective colloid. 
Colombia crude oil, hydrogenated, 4836, 
4840, 4851. 

Colophony, ate also Rosin. 

— , production of greases, 6330. 
Colophony-castor oil mixture, hydrogenated, 
4187. 

Color reactions of oils, 3467-3475B. 

Complex oompounds, hydrogenated, 6348. 
Compound hydrogenation, 2539. 

Compound hydrogenation of ketones and 
bases, 2690-2694, 2696. 2697. 
Compressors for high pressure work, 5244, 
5244A. 

Concentration of reactants, influence on 
reaction rate, 424. 

Condensation products of ketones with 
phenols, hydrogenated, 1850. 
Confectionery, hardened oils in, 3930. 

Co nine (synthesis), 2755. 

Conjugated double bonds, catalytic hydro- 
genation of. 1425-1427. 

Conradson carbon, 4851-4854. 

Conradson test, 4849. 

Control panel, for methanol synthesis, 5253. 
Conversion of gas-oil to high grade burning 
oils, 4840. 

Copals, hydrogenated, 4176. 

Copper, adsorption of ethylene, 362. 

— , catalytic, new functions of, 1323, 1324. 

— , cuprene, 1501. 

— , hydrosol, 902. 

— , permeability to hydrogen, 5224. 

— , precipitated by ohromous salts, 1314. 

— , precipitated by lower oxide of silicon, 
1144. 

— , precipitated by more electropositive metal, 
1142. 

— , precipitated from solution by hydrogen 
under pressure, 1145, 1147. 

— , reduoed by hydrogen in silica gel, 668- 
671, 942. 

— , reduction temperature, effect of alternate 
oxidation and reduction, 1014. 

— , used in presenoe of carbon monoxide, 
5304. 


Copper-calcium alloy, catalyst from, 681. 
Copper catalysts, action of carbon monoxide 
on, 669. 

— , auto-poisoning of, 568. 

— , for production of hydrogen from hydro- 
carbons, 5945, 6963. 

— , gause, 1050. 

— , in berginixation, 4513, 4526, 4529, 4530, 
4821 A, 4904. 4943, 5003, 5004, 5019, 
5022, 6360. 

— , in methanol synthesis, 1304-1310, 5263- 
5267, 5276-5278, 5333-5355A, 5360- 
5365. 

— , in water-gas process, 5704, 5717. 

— , porous, from brass, 1072. 

— , sintering of, 568. 

— , stability of, 347. 

Copper hydroxide, catalyst poison, 571. 

— , removal of catalyst poisons by, 551- 
558. 

Copper oxide, alkaline catalyst, 1313. 

— , comparison of different forms, 1304-1310. 
— , reduced, 370, 1022, 6307. 

Copper permutit, catalyst, 5017. 

Copper phosphide, production of hydrogen, 
6363. 

Coprostanone, product, 3008, 3009. 
Coprosterol, product, 3008. 

Com oil, 3280, 3404. 

Corona discharge and hydrogen, effect on 
petroleum, 4902A, 5131. 

Coryphol, 3415. 

Cotton, carrier, 650. 

Cottonseed oil, berginixation of, 4454- 
4454C. 

— , course of hydrogenation of, 3246. 

— , effect of catalyst percentage, 3251, 3263. 
— , exposed to ultraviolet radiation, 5124. 

— , fatty acids of, 3282F. 

— , hydrogenated, 3245-3258. 

— , — , analytical constants, 3406-3422. 

— , — , Halphen test. 3268-3274, 3474. 

— , iso-oleic acid from, 3329. 

— , palladium catalyst, 3257. 

— , rate of hardening, 3275. 

Coumarone rosin, as binder, 6318. 

— , hydrogenated, 4517, 4531. 

Crane Upton crude oil, hydrogenated, 4836, 
4838. 

Crase (in varnishes), 4178. 

C reaid in o, product, 2505. 

Cresol, hydrogenated, 1819, 1829, 2108, 2110, 
2113, 3774, 4517. 

— , hydrogenated, adipic esters from, 2113. 

— , product, 2152. 

— , used to extract coal, 4625. 
Cresyldiamines, products, 2562. 

Cresyl glucoaide, product, 3036. 

Cresylio acid, cracking of, 4447. 

— , hydrogenated, 4529. 

Cresylpropenes, hydrogenated, 1805. 

Croce tin, hydrogenation of, 3032. 
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Crotonaldehyde, hydrogenated, 1144, 1668- 
1673. 2505. 3774, 6335. 

Cro tonic acid, hydrogenated, 1758, 6327. 

— , product, 1552, 2928. 

Croton oil, hydrogen value, 3216. 

Cuprene, 1501. 

Cunmmene, hydrogenated, 2313, 2313A. 
Cyanic acid, hydrogenated, 2602. 

Cyanidin chloride, hydrogenated, 2629. 
Cyanidin chloride pen tame thy 1 ether, hydro- 
genated, 2630. 

Cyanoacetylurea, hydrogenated, 2608. 
Cyanobenzoylphenylpropionic acid, 1891 A. 
Cyanobromonaphthalene, hydrogenated, 
2627B and C. 

Cyanocamphor, hydrogenated, 2631, 2631 A. 
Cyano-compound8, hydrogenated, 2608, 6339. 
Cyanodeoxybenzoin, hydrogenated, 2622. 
Cyano-koto derivatives, 2628. 
Cyanomethylanthranilic acid, hydrogenated, 
2619. 

Cyano-naphthalenesulphonio acid, hydro- 
genated, 2627A. 

Cyano-ni tronaph th alenes , hydrogenated, 
2627. 

Cyclic alkamine esters of para-amino benzoic 
acid, 2571. 

Cyclic amino-alcohols, products, 2263. 

Cyclic compounds, ring protected from hy- 
drogenation by use of sulphur, 2522. 
Cyclic hydrocarbons, tendency of formation, 
5319. 

Cyclic ketones, relativo reactivity in hydro- 
genation, 1973. 

Cyclobutene, hydrogenated, 2005. 
Cyclocaoutchouc, 3071. 

Cydofenchene, isomerized, 6308. 
Cyclogallipharic acid, product, 3044. 
Cyclogallipharol, product, 3045. 
Cycloheptadiene, hydrogenated, 2017. 
Cycloheptane, product, 2017. 

Cycloheptene, isomerized, 6308. 
Cyclohexadiol, product, 1837, 1838, 2129. 
Cyclohexane, product, 1632, 1820, 1913, 
1952, 2023-2028. 

— , treated to give olefines, 5036. 
Cyclohexane-diol ether, hydrogenated, 1832. 
Cy clohexanos/nrobro mocyclohexane, r e - 
duced, 1617. 

Cyclohexanol (industrial), see Hexalin. 
Cyclohexanol, coagulant for cellulose ester 
or ether, 4342. 

— , dehydrogenated, 408. 

— , hydrogenated, 1819, 1820. 

— , product, 681, 1832, 1905, 1913, 1952, 
2062, 2100-2105, 2151, 2152, 2159, 
2201, 2207, 2691, 4330. 

Cyclohexanol carboxylic acid, 2205, 2210. 
Cyclohexanone (commercial), 4327-4330. 
Cyclohexanone, allylation of, 1954. 

— , amine from. 2662. 

— , enol form, product, 2118, 2120. 


Cyclohexanone, homogenizer for solutions, 
6308. 6309. 

— , hydrogenated, 1952, 1955, 2100. 

— , hydrogenation of allyl compounds, 1954. 
— , hydroxymethylene derivative, hydrogen- 
ated, 1945. 

— , product, 1913, 2100, 2171, 4330. 

— , properties, 4327. 

— , relustering agent, 4341. 

— , rubber solvent, 4328. 

— , with amino ethyl alcohol, hydrogenated, 
1857. 

— , with ammonia, compound hydrogenation, 
2691. 

— , with ethylamine, compound hydrogena- 
tion, 2691. 

Cyclohexatriol, product, 2133. 

Cyclohexene, hydrogenated, 806, 1630 A, 

2028. 

— , product, 2100. 

Cyclohexene acetic acid, hydrogenated, 2222, 
Cyclohexenone, hydrogenated, 2171. 
Cyclohexenyl-cyclohexanol, hydrogenated, 

2142. 

Cyclohexenyl methyl ether, hydrogenated, 
2138. 

Cyclohexylacetaldehyde, product, 1555. 
Cyclohexylacetic acid, product, 2025, 2201, 
2217, 2220. 

Cyclohexylalphanaphthol, hydrogenated, 
2164, 2165. 

Cyclohexylamine, product. 2263, 2265A, 
2516, 2527, 2602, 2662, 2694. 

— , see also Hexahydro aniline. 
Cyclohexylamino-cyclohexanol, product, 
2263. 

— -cyclohexyl butyric acid, product, 2269. 

heptane carboxylic acid, product, 1868. 

hydroxypropionio acid, hydrogenated, 

1868. 

pentanol, product, 2693. 

phenyl butyric acid, hydrogenated, 2269. 

phenylpropano carboxylic acid, product, 

1868. 

propanol, product, 2693. 

propionic acid (cyclohexyl&mino-alanine), 

product, 1868. 

Cyclohexylaniline, product, 2251, 2253, 2254, 
2265 A. 

Cyclohexylarabinamine, product, 2693. 
Cyclohexylbetanaphthol, hydrogenated, 2 166. 
Cyclohexylcyclohexanols, product, 2142- 
2146, 

Cyclohexy Icy clohexanone, hydrogenated, 

2143. 

— , product, 2145. 

— , solvent for linoxyn, 4303. 

Cyclohexyl cyclohexene, hydrogenated, 2056. 
Cyclohexylcyclohexylaminobutyric acid, 
product, 1861. 

Cyclohexyldecahydroalphanaphthol, product, 
2164, 2165. 
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Cyclohexyldecahydrobetanaphthol, porduct, 
2166. 

Cyclohexyldocahydronaphthalene, product, 
2165, 2166. 

Cyclohexyldiethylamine, product, 2260. 
Cyclohexyldimethylamine, 2259. 
Cyclohexylothylamine, product, 2258, 2261, 
2291. 

Cyclohexylhydroxyphenylethylamino, prod- 
uct, 2626. 

Cyclohexylidene-acetaldehyde, hydrogenated, 
1555. 

azino, hydrogenated, 2274. 

— -cyclohexanol, hydrogenation of unsatu- 
rated tertiary alcohols from, 2140. 
Cyclohexyliminopropionic acid, hydrogen- 
ated, 1868. 

Cyclohexylmannamine, product, 2693. 
Cyclohexyl-methylamine, 2256, 2261. 
Cyclohexylmethylcarbinol, product, 1904. 
Cyclohexylmethyl ether, product, 2121, 
2122, 2138. 

Cyclohexyloctahydronaphthalene, hydrogen- 
ated, 2164. 

Cyclohexylphenol, hydrogenation of, 2145. 
Cyclohexylphenyl propylamine, product, 
2270. 

Cyclohexylpropanol, product, 2107. 
Cyclohexylpropionic acid, product, 1879, 
2025, 2218, 2218A. 

Cyclo-octane, product, 2018. 
Cyclo-octatetrene, hydrogenated, 2018. 
Cyclo-octenone, hydrogenated, 2020. 
Cyclopen tadiene, addition products, 2241- 
2244. 

— , hydrogenated, 2006. 

Cyclopen tadienebenzoquinone, hydrogen- 
ated, 2173A. 

Cyclopentane, product, 1800, 2006. 

Cyclopen tan ol, product, 1800. 

Cyclopen tanone, hydrogenated, 1800. 
Cyclopen tanono-oxime. hydrogenated, 2651. 
Cyclopropane, hydrogenated, 2000. 

Cymene, hydrogenated. 2025, 2040, 2042. 

— , product. 1805, 2320A, 2326, 2333, 2382. 

Damar, hydrogenated, 4176. 

Darkening of soap made with hydrogenated 
oils, 4010. 

Decahydro-acenaphthene, product, 2236. 

alphanaphthol, product, 2160, 2162. 

betanaphthol, product, 2161, 2162, 

2163. 

fluorene, product, 2054, 2055. 

isoquinoline, product, 2770. 

Decahydronaphthalene, see also Decalin. 

— , nitration of, 4147. 

— , product. 2068-2071, 2183, 2235. 

— , stereochemistry, 4164-4169. 

— , structural formula, 4133. 
Decahydro-naphthoic acids, products, 2213, 
2216, 2234, 2235. 


Decahydro-phenylquinoline carboxylic add, 
product, 2732. 

— -quinaldine, product, 2505, 2780. 

— -quinoline, product, 2764B-2769, 2773- 

2775. 

Decalin, see also Decahydronaphthalene. 

— , cracked, 6352. 

— , detection of, 4161. 

— , electrical treatment to form varnish, 4232. 
— , emulsions, 4141. 

— , gasoline substitute, 4244. 

— , physical properties, 4141. 

— , rubber recovery with, 4249. 

— , thinners made with, 4141. 

— # turpentine substitute, 4216. 

Decalone, product, 2213. 

Decane, product, 2400, 2401. 

Decane-dial, product, 2930. 

Decanol, product, 2400, 2401. 

Dechlorination of oils, 3105, 3106. 

Deooic acid, subjected to electric discharge, 
5106A. 

Dehaloge nation, 2900-2941. 

— , linolenic bromides, 3346. 

— , under reduced pressure, 2903. 
Dehydration, function of promoter, 605. 
Dehydrocholic acid, hydrogenated, 3054. 
Dehydrodeoxycholic acid, hydrogenated, 
3060 A. 

Dehydrogenation, 1013, 6319. 

— , temperature effect, 408. 

Dehydrohyodeoxy cholic acid, hydrogenated, 
3058. 

Dehydromucic acid, hydrogenated, 2704. 
Dehydro-oxy binaphthalene oxide, hydrogen- 
ated. 1851. 

Dehydroprotocantharidin, hydrogenated, 
3075. 

Dehydrosparteine, hydrogenated, 2863. 
Demetalloiding by hydrogen, 4862. 
Deodorization of hydrogenated oil, 3512. 
Deodorisation of oils, by hydrogenation, 
4003. 

Deoxycholic acid, product, 3060A. 
Deoxydihydromorphinic acid, product, 2843, 
2844. 

Deoxyepicatochin-tetramethyl ether, prod- 
uct, 1840, 1841, 1979. 
Deoxythebaizone, hydrogenated, 2855. 
Dooxytrimethylbrazilone, hydrogenated, 
3023. 

Des-^-mothyldihydro-alpAa-matrinidine, hy- 
drogenated, 3041. 

Desoxyanisoin, hydrogenated, 1957A. 

Desoxy benzoin, hydrogenated, 1957A, 1967. 
Desoxybenzoinoxime, product, 2573. 
Desoxycinchonine, hydrogenated, 2822A. 
Desoxykessylene ketone, hydrogenated, 2427. 
Desoxypiperoin, hydrogenated, 1957A. 
Destructive hydrogenation, see Berginization. 
Desulphing, 4862. 

Desulphurization, benzol, 6347. 
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Desulphurization, gases from coal, 4724B. 

— , lignite tar oils, 4723. 

— , mineral oils, 4816, 4817, 4941-4946D. 

— , naphtha, 48 -55. 

— , transformer oils, 5022. 

— , use of metals, 4943A, 4945, 4946, 4946D, 
6358. 

— , water-gas, 5628-5634. 

— , with steam, 4936. 

Desylidene-cyano-acetic acid, hydrogenated, 
1891A. 

Detergents, from synthol, 5475, 5476. 
Dextrin, protective colloid, 936. 

Dextrose, hydrogenated, 6334. 

Diacetone alcohol, hydrogenated, 6336. 
Diacetyl morphine, hydrogenated, 2825. 
Di&minoanthraquinione, by exchange hydro- 
genation, 2583. 

Diamino-butane, product, 2652. 
Diamino-dianisylmethane, product, 2505. 
Diaminonaphthalene disulphonic acid, prod- 
uct, 2582. 

Diami nophenol, product, 2563. 

Diamylamine, product, 2605. 
Dianhydrodihydrogitoxigenin, hydrogenated, 
3039. 

Dianhydrostrophanthidin dilactone, hydro- 
genated, 1797. 

Dianisyl, product, 1955. 

Diatomite brick, carrier, 655. 

Diazonium compounds, hydrogenated, 2602. 
Dibensalacetone, hydrogenated, 1968. 
Dibenzal ace tone dimethyl acetal, hydrogen- 
ated, 1975. 

Dibenxoyl, hydrogenated, 1959. 
Dibenzoyl-diaminoethylene, hydrogenated, 
6325. 

Dibenxyl, hydrogenated, 2025, 2049. 
—.product, 1515, 1521, 1807, 1834, 1908, 
1957, 1959. 

Dibcnsyl-acetone, hydrogenated, 1969. 

— , product, 1968, 1969. 

Dibenzyl -acetone dimethyl acetal, product, 
1975. 

Dibenxylamine, product, 2609-2612, 2638, 
2689. 

Dibenxyl cyclohexanone, product, 1955. 
Dibenxylhydroxylamine, product, 2649. 
Dibenxylidene-acetone, hydrogenated, 1968, 
1969. 

Dibenxylidene-paraphenylenediamine, hydro- 
genated, 2695. 

Dibenzyl ketono, hydrogenated, 2172. 

— , product, 2653D. 

Dibenxylketoxime, hydrogenated, 2653D. 
Dibenzyl-paraphenylenediamine. product, 
2695. 

Dibomylamine, product, 2658. 
Dibrom-eleostearic acid, 1770. 
Dibromohydroxycodeinone, debrominated and 
hydrogenated, 2838. 

Dibrom-orsellinic add, hydrogenated, 2934. 


Dibrompropylresorcin carboxylic acid, de- 
halogenated, 2935. 

Dibromsuccinic acid, dehalogenated, 2902A. 
Dibutylamine, product, 2691. 

Dibutyl carbinol, product, 2707. 
Dicamphorone, product, 2415. 

Dicar bethoxymethylpyrrylmethane, product, 
2723. 

Dicarbomethoxyprotocatechualdehyde, hy- 
drogenated, 1929. 

Dicarboxylic acids, hydrogenation to alde- 
hydes, 1892. 

Dichloranilino, product, 2505. 
Dichloro-aminoanthraquinone, by exchange, 
hydrogenation, 2583. 

benzyl cyclohexanone, product, 1955. 

methylmethylhexadienones, resistant to 

dehalogenation, 2900B. 

naphthyridine, dehalogenated, 2937. 

— -quinoylpropene, hydrogenated, 2 780 A. 
Dicyclohexyl, product, 2048, 2056, 2154. 
Dicydohexylamine, product, 860, 2251- 

2254, 2265, 2267, 2268. 
Dicyclohexylaniline, product, 2265A. 
Dicyclohexyl butanes, product, 2051. 
Dicyclohexylcyclohexane, product, 2 172 A. 
Dicyclohexylethane, do hydrogenated, 6319. 
— , product, 2025, 2049. 

Dicyclohexyl ether, product, 1632. 
Dicyclohexylmothano, product, 1963, 2025, 
2061-2063, 2154, 2158, 2159. 
Dicyclohexylpentane, product, 1966, 1969, 
2052, 2173. 

Dicydohexylphenylmethane, product, 2059. 
Dicyclohexylpropane, product, 2050, 2172. 
Dicyclononane, product, 2065. 

Di-ene hydrocarbon addition compounds, 
2241-2246. 

Diesel engine, fuel for, 4700, 5038C. 
Diethoxy -acetophenone, hydrogenated, 1944. 
Diethoxy-ethylbenzene, product, 1944. 
Diethylacetylene, hydrogenated, 1515. 
Diethylamine, product, 2512, 2632 A, 2643. 
Diethylamino-anthracene, product, 1990. 

— -cyclohexyl para -amino benzoate hydro- 

chloride, product, 2571. 

dimethoxyphenyl-pentenone, 2753G. 

methylene-dioxy-phenyl-pentenone, hy- 
drogenated, 1974, 2753E. 

phenylpentanone, product, 1974, 2753B. 

phenylpentenone, hydrogenated, 1974, 

2753B. 

Diethylanilino, hydrogonated, 2260. 

Diethyl carbinol, product, 2505. 
Diethylcyclohexanol, product, 2117. 

Diethyl ketone, compound hydrogenation, 
2691, 2693. 

— , hydrogenated, 1711, 2505. 

Diethylphenol, hydrogenated, 2117. 
Diethylpropylamine, product, 2691. 
Diffusion, hydrogen separated by, 6141-6146. 
— , of hydrogen, 365. 
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Difurfural amine, product, 2654. 

Diheptene, product, 1517. 

Diheptyl&mine, product, 2691. 

Diheptyl ether, product, 1664. 
Dihcptylhydroxylamine, product, 2649. 
Dihexahydrobenzylamine, product, 2257. 
Dihydroabietic acid, product, 2237, 2237A. 
Dihydro -a/p/ia-methylsparteine, product, 
2864. 

Dihydroambrettolic acid, product, 1544. 
Dihydroanthraccne, product, 1989. 
Dihydroanthranol, hydrogenated, 1989. 
Dihydroantipyrine, product, 2790. 
Dihydroanurol, product, 2337. 
Dihydroaromandrene, product, 2300. 
Dihydrobetulin (di-acetate), 3053. 

Dihydro bilobol, product, 3045A. 
Dihydrobrucine, product, 2862. 
Dihydrocadinol, product, 2339. 
Dihydrocamphene, product, 2306. 
Dihydrocamphene carboxylic acid, product, 
2408, 2410. 

Dihydrocamphorone, hydrogenated, 2416. 
Dihydrocaryophyllene, product, 2312, 2312A. 
Dihydrochaulmoogric acid, homologs, 1792. 
Dihydrochaulmoogric acid, product, 2015. 
Dihydrocholesterol, product, 2568, 3003, 
3004, 3008, 3009. 

Dihydrocholesteryl para-nitrobenxoate, hy- 
drogenated, 2569. 
Dihydrocinchonidine, 2732, 2818. 
Dihydrocitronellal, product, 2405. 
Dihydrocivetono, product, 1747. 
Dihydrocodeine, product, 2842. 
Dihydrocodeinone, product, 2832-2834. 
Dihydrodeoxycodeine, hydrogenated, 2835. 
Dihydrodeoxythebaizonic acid, product, 2855. 
Dihydrodesoxycinchonine, product, 2822A. 
Dihydrodimethyllupinine, hydrogenated, 
2823. 

Dihydroelemic acid, product, 3065. 
Dihydroendocamphene, product, 2309. 
Dihydroeugenol, product, 2350. 
Dihydrogitoxigenin, product, 3039. 

Dihydro guaiene, product, 2304. 
Dihydrohemin, product, 2724A, 2725. 
Dihydrohydnocarpic acid, product, 1792, 
2016. 

Dihydrohydroxycodeinone ketimine, prod- 
uct, 2841. 

Dihydroindole, product, 2801, 2805. 

Dihydro onones, product, 2426. 
Dihydroisostrychnino, product, 2860. 
Dihydrolimonene, product, 2317, 2318. 
Dihydromatrinidinc, product, 3040. 
Dihydrometanicotine, product, 2815. 
Dihydromethylenepapaverino, product, 
2846. 

Dihydromcthyllupinine, product, 2823. 
Dihydromethysticin, product, 2383. 
Dihydromorphino, product, 2824, 2827- 

2830. 


Dihydronaphthalene, insecticide, 4269. 

— . product, 1632, 2066, 2070. 

— , product (industrial), 4127. 

Dihydrongaiol, product, 2437. 
Dihydrophenanthrene, hydrogenated. 1816. 
— . product, 2075, 2076. 2079, 2082, 2182. 
Dihydrophthalic anhydride, hydrogenated, 
2229. 

Dihydrophthalide, product, 2229. 
Dihydrophytol, product, 3020. 
Dihydropinene, produced by internal ex- 
change hydrogenation of pinene, 
2326. 

Dihydropsychosine, product, 3062. 
Dihydroquinidine, product, 2820. 
Dihydroquinine, hydrogenated, 2732. 

— , product, 2816. 

Dihydrorhodinol, product, 2368. 
Dihydrorotenol, product, 3050. 
Dihydrorotenone, product, 3049. 
Dihydrosafrol, 2370-2373. 

Dihydrosantene, product, 2330. 
Dihydrositosterol, product, 3010-3014. 
Dihydrostrychnidine, product, 2861. 
Dihydrostrychnine, product, 2859. 
Dihydroterpineols, product, 2375, 2375A. 
Dihydrotetraphenyl benzene, 1816. 
Dihydrothebaine, product, 2847. 
Dihydrothebainolmethine, 2852, 2853. 
Dihydrothebainone, product, 2850. 
Dithydrousnetol, product, 3021. 
Dihydroxy-allocholanic acid, product, 3058. 
bensylidenemethoxy-chromanone, hydro- 
genated, 3022. 

— -cholanic acid, product, 3055, 3060B. 

— -codeinonedimethyl ketazine, product, 

2841. 

— -decahydrophenanthrene, product, 2184. 

— -dihydrophenanthrene, product, 2184. 

— -diphenylmethane compounds, hydrogen- 

ated. 1849, 2128, 2150-2152. 

men thane, product, 2361. 

— -methoxyphenyl ethyl ketone, product, 

1951. 

methoxystyryl ketone, hydrogenated, 

1951. 

phenylethylamine, product, 2614E. 

phenylmethy 1 - aminoethanol (adrenin), 

product, 3066. 

phthalane, product, 1935, 1936. 

propane, product, 1753A. 

tetrahydroacenaphthene, product, 2187. 

triphenylmethane, hydrogenated, 2153. 

Di-iodomethyl propanediol, hydrogenated (de- 
halogenated) , 1644. 

Di-isatide, product, 2809. 

Di-isoamylamine, product, 2504, 2606. 
Di-isoamylcyclopentane, product, 3002. 
Di-isobutane, product, 1732. 
Di-isobutylamine, product. 2672. 

Di-isobutyl carbinol, product, 1732, 1734. 
Di-isobutylhydrasine, product, 2672, 2679. 
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Di-iaobutylidene azine, hydrogenated, 2679. 
Di-isobutyl ketone, product, 1701, 1732- 
1734. 

Di-isopropylamine, product, 2644, 2691. 
Di-isopropyl carbinol, product, 1724. 
Di-isopropyldiphcnsuccindadicno, hydrogen- 
ated, 1813. 

Di-iaopropylhydrazine, product, 2668, 2669. 
Di-isopropylidenegalactose-iodo-hydrin, 1764. 
Di-isopropylidenemethylpontoses, 1764. 
Di-iaopropyl ketone, hydrogenated, 1724. 
Di-iaopulegyl ether, hydrogenated, 2365. 
Diketocholanic acid, hydrogenated, 3065, 
306013. 

Dimethoxyanthracene, product, 1990. 
Dimethoxybenzoylhydroxydi- inethoxy -phe- 
nylo thane, product, 1841. 
Dimethoxybcnzylcoumarone, product, 1980. 
Dimethoxybenzylidene-coumarone, hydroge- 
nated, 1980. 

Dimethoxydianisylpropylone, hydrogenated, 
1926. 

Dimethylacrylic acid, hydrogenated, 1630A, 
1757, 1759. 

Dimethylallyl carbinol, hydrogenated, 1642. 
Dimethylamine, product, 2600, 2686. 
Dimethylamino-cyclohexanol, product, 2263. 

pentane, product, 2760. 

propenylcyclohexane, hydrogenated, 2806. 

propylcyclohexane, 2767A, 2767B, 2806. 

Dime thy laniline, hydrogenated, 2259. 
Dimethylanthranol, 2177, 2181. 
Dimethylanthraquinone, hydrogenated, 2177, 
Dimethyl benzene, product, 2114, 2115. 
Dimethyl be nzylcyclohexanone, product, 1965. 
Dimethylbutyl alcohol, product, 1647. 
Dimethyl butylhydroxylamine, product, 2649. 
Dimethyl butyraldehyde, hydrogenated, 1647. 
Dimethylcarbazole, hydrogenated, 2277. 
Dimethylcarbethoxyhydroxy-pyrrole, prod- 
uct, 2720. 

Dimethylcoumarane, hydrogenated, 2127. 
Dimcthylcyclohexanes, products, 2025, 2034, 
2035, 2042. 

Dimethylcyclohexanol, product, 2114-2116. 
Dimethylcyclohexanone, product, 2114, 2115. 
Dimcthylcyclohexenes, hydrogenated, 2035. 
Dimethylcyclohexylamine, product, 2255. 
Dimothylcyclopentene, hydrogenated, 2007, 
2008. 

Dime thy lcyclopenty 1-pen tanonos, products, 
1801. 

Dimethyldecahydroanthracene,product,2181. 
Dimothyldecahydrocarbazole, product, 2277. 
Dimethyldibenzylamine, product, 2609. 
Dimethyldiothylbutine-diol, hydrogenated, 

1524, 1529. 

Dimethyldiphenylbutane-diol. 1537. 
Dimethyl tet rahydro-al p ha-n a p h t h a q u i n o - 
line, hydrogenated, 2776E. 
Dimethyldiphenylbutine-diol, hydrogenated, 

1525, 1629, 1537. 


Dimethyl ether, formed in decomposition of 
methanol, 5256A. 

— , synthesis from carbon monoxide, 5303, 
5560-5561 A. 

Dimethylglyoxime, hydrogenated, 2652. 

— , reagent for nickel, 3437-3443, 3802. 

Dimethylheptane, product, 1625, 1640. 

Dimethylheptanol, product, 1641. 

Dimethylheptenol, hydrogenated, 1640, 1641. 

Dimethylhexaldehydo, product, 1665. 

Dimethylhexine-diol, hydrogenated, 1524, 
1528, 1531, 1532. 

Dimethylhydroxypyrroiidinium chloride, 
product, 2730. 

Dimethylindol, product, 2276, 2805C, 2805D. 

Dimethyl isatide, product, 2809. 

Dimethylisopropylcyclopen tane, synthesis, 
6324. 

Dimethylkotopyrrolidinium chloride, hydro- 
genated, 2730. 

Dime thy lmethene, hydrogenated, 1626. 

Dimethylmethylenecyclopropane, hydrogen- 
ated, 2003. 

Dime thy lme thy lenevaleraldehyde, 1666. 

Dimethyloctadiene, hydrogenated, 2362- 
2364. 

Dimethyloctahydro-alpha-naphthaquinoline, 
product, 2776E. 

anthracene, product, 2177. 

anthranol, product, 2177. 

carbasole, product, 2277. 

indole, product, 2805C, 2805D. 

Dimethyloctaldehyde, product, 1666. 

Dimethyloctane, product, 2321, 2358, 2362- 
2364, 2400. 

Dime thy loc tan ol, product, 2356-2359, 2302- 
2364, 2368, 2400. 

Dimethyloctanone, product, 2446, 2447. 

Dimethyloctatriene (ocimene). hydrogen- 
ated, 2321. 

Dimethyloctenaldehyde, hydrogenated, 1666. 

Dimethyloctene, isomerized, 6308. 

Dimethylocteno-diol, product, 1534. 

Dimethyloctenone, hydrogenated, 2447. 

Dimethyloctine-diol, hydrogenated, 1524, 
1534. 

Dimothyloctylamino, 2353. 

Dimethylphenol, hydrogenated, 2114-2116. 

Dimethylphenylmethyl-hydrazine, product, 
2682. 

Dimethyl piperidine, fission - hydrogenation 
of, 2760. 

Dimethylpiperidine carboxylic acid, product, 
2757. 

Dimethylpropanal, hydrogenated, 1647. 

Dimethyl propane-diol, product, 1644. 

Dimethyl propyl alcohol, product. 1647. 

Dimethylpropylcarbinol, product, 1642. 

Dimethylquinoline, hydrogenated, 2776C. 

— , product, 2776C, 2782. 

Dimethylpyridine carboxylic acid, hydro- 
genated, 2757.. 
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Dimethylpyrone carboxylic acid ethyl ester, 
1740. 

Dinaphthomethylamino, product, 2505, 2663. 
Dinitroanthraquinonc, exchango hydrogena- 
tion of, 2583. 

Dinitrol)cnrene, hydrogenated, 2555, 2559, 
2560. 

Dinitro-compounds (aromatic), hydrogen- 
ated. 2555-2560, 2562-2564. 
Dinitrodianisyl ketone, hydrogenated, 2505. 
Dinitrohydroxydiphenyl amine, hydrogen- 
ated, 2564. 

Dinitromethylnaphthalcne, hydrogenated, 
2557, 2558. 

Dinitronaphthalene, hydrogenated, 2555. 
Dinitronaphthaleno disulphonic acid, hydro- 
genated, 2582. 

Dinitrophenol, hydrogenated, 2563. 
Dinitrotetrahydronaphthalene, hydrogen- 
ated, 2556. 

Dinitrotetralin, hydrogenated, 2556. 
Dinitrotolucno, hydrogenated, 2537, 2557, 
2562. 

Di-olefinos, hydrogenated, 807. 

— , in cracked gasoline, 4908. 

— , produced, 5036. 

Dioxyindolc, product, 2808, 

Di-para - methoxystilbene, hydrogenated, 
1957A. 

Dipcntene, hydrogenated, 6322, 6346. 
Diphenic acid, decarboxylated, 6332. 
Diphenol, hydrogenated, 2144. 

Diphenyl, product, 2053, 2923. 

— , hydrogenated, 2048. 
Diphenylacctaldimine, product, 2575. 
Diphenylacetonitrile, product, 2575 A. 
Diphenylacetylene (tolane), hydrogenated, 
1515, 1521, 1522. 

Diphenylamine, hydrogenated, 860, 2265, 
2265A, 2267, 2617. 

Diphenylbutadiene, hydrogenated, 1814. 

— , product, 1523. 

Diphenyl butane, hydrogenated, 2051. 

— , product, 1519, 1523, 1809. 

Diphenyl butene, hydrogenated, 1809. 
Diphenylbutene-diol, product, 1533. 
Diphenylbutine-diol, hydrogenated, 1524, 
1533. 

Diphenyl carbinol, hydrogenated, 1845. 

— , product, 1936, 1963. 
Diphonylcyclohexonone, hydrogenated, 
2172A. 

Diphenyldiacetylone, hydrogenated, 1523. 
Diphenyldinitroethylene, hydrogenated, 

2575 A. 

Diphenyldiphensuccindadiene, hydrogenated, 
1811. 

Diphenylethane, hydrogenated, 2025, 2049. 
— , product, 1807, 1957 A. 1959, 1967. 
Diphenylethanone (dcsoxybenzoin), hydro- 
genated. 1957A, 1967. 

Diphenylethanone oxime, product, 2573. 


Diphenylethylamine, product, 2617, 2638, 
2656, 2689. 

Diphenylethylene, hydrogenated, 1630A, 
1807. 

Diphenylcthyl ketone, hydrogenated, 1966, 
2173. 

Diphenylethylpropenes, hydrogenated, 1810. 
Diphenylhexane, product, 1814. 
Diphenylhexatriene, product, 1847. 
Diphenylhydroxydihydroindene, product, 
28 10 A. 

Diphenylindone, hydrogenated, 2810. 
Diphenylketodihydroindone, product, 2810A. 
Diphenylxnethane, hydrogenated, 2025. 
—.product, 1845, 1936, 1960-1962, 2156, 
2505, 2681B. 

Diphenylxnethane derivatives, hydrogenated, 
6356. 

Diphenylnitroethylene, hydrogenated, 2575. 
Diphenylpentane, hydrogenated, 2052. 

— , product, 1810. 

Diphenylpentenes, hydrogenated, 1810. 
Diphenylphenacylpropionitrile, hydrogen- 
ated, 2623. 

Diphenylpiperidine carboxylic acid (ethyl 
ester), product, 2628. 

Diphenylpoly-enos, hydrogenation of, 1815. 
Diphenylpropane, product, 1808. 
Diphenylpropene, hydrogenated, 1808, 2050. 
Diphenylpyrrolino, product, 2621. 

Diphenyl triazoloaldehyde, product, 2914. 
Diphenyl triazolecarboxylchloride, dehalogen- 
ated and hydrogenated, 2914. 
Diphenyl urea derivatives, 1940. 

Diphenyl valeric acid, 1891B. 

Dipiperidyls, products, 2745. 
Dipiperonal-acetone, hydrogenated, 1947. 
Dipiperonyl, product, 1955. 
Dipiperonylhydroxylamine, product, 2649. 
Dipropylamine, product, 2501, 2603. 
Dipropyl carbinol, product, 1723. 
Dipropylidene-diphensuccindane, hydrogen- 
ated, 1813. 

Dipropyl ketone, hydrogenated, 1723. 
Dipropylketoximo, hydrogenated, 2646. 
Dipyridyls, hydrogenated, 2745. 

Directive effect of quinoline, 2614E. 
Disinomenine, hydrogenated, 6344. 
Dislocation theory of catalysis, 326. 
Distillation zones, 4966 A. 
Distyrylethyleneglycol, hydrogenated, 1847. 
Distyryl ketone, hydrogenated, 1965, 
2173. 

Ditetrahydroquinolyl-alpha-dicarboxylic acid, 
product, 2781 A. 

Divaric acid, product, 2935. 

Dodecahydro - diphenylmethane, product, 
1977, 2188. 

fluorene. product, 2055. 

squalene, product, 3000. 3001. 

xanthene, product, 1977, 2188. 

Dodecahydroxycinchonidine, product, 2732. 
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Dogfish oil, pretreated to remove catalyst 
poisons, 558. 

Dolomite, catalyst, 5723. 

Donetzki Basin coal, catalytic berginization 
of, 4656. 

Donee- Re viers coal, hydrogenation of, 6358. 
Doremol, hydrogenated, 2346. 

Doremone, hydrogenated, 2347. 

Drying oils, hydrogenated, 6329. 

Dulcitol. product, 1752, 1799. 

Durain, borginization experiments on, 4438. 
Durene, hydrogenated, 2043. 

Dust particles, catalytic activity, 375. 

Dyes, decolorized by atomic hydrogen, 6302. 

Barth metal compounds, as promoters, 633. 
Edibility of hardened oils, 3800-3821. 

— , assimilability, 3810, 3811. 

— , presence of nickel in traces, 3801, 3802, 
3808, 3809. 

Eikonogen, product, 2581. 

Elaldio acid, hydrogenated, 1772, 3216. 
Elaidic and oleic acids, isomerism, 1419. 
Electrical hydrogenation of coal, 5125. 
Electrical hydrogenation of oleic acid, 
3109, 3110, 3113-3117, 5106. 
Electrical treatment of oils, 5100-5132. 

— , applied to gases, 5110, 5111. 

— , arc treatment with hydrogen, 5128. 

— , dehydrogenation with evolution of hydro- 
gen, 4108. 

— , preactivation of hydrogen, 5126. 

— , Ruben's non-catalytic process, 5117. 

— , use of catalysts, 5115, 5116, 5118, 5119C, 
5120, 5121. 

— , vapor phase, 5112-5114. 

— , X-rays used, 5123. 

Electrochemical polariiation and heterogene- 
ous catalysis, 383. 

Electrolytic hydrogen, 4719, 6000-6095, 6106. 
— , automatic control. 6086-6095. 

— , automatic electrolyte feed valve, 6030. 
— , cells with asbestos partitions, 6006, 6017. 
— , cells with metal partitions, 6007-6015. 
— , compressors, 6003. 

— , constants, 6001. 

— , costs, 6004. 

— , diffusion through diaphragms, 6060. 

— , electrolysis under pressure, 6006, 6069- 
6069C. 

— , Ellis cell, 6054. 

— , filter-press type cells, 6016-6028. 

— , I. O. C. cells, 6050-6053. 

— , Jaubert cell, 6036. 

— , Knowles cell, 6070-6083. 

— , Levin cell, 6022-6025. 

— , mineral colloid diaphragm, 6084. 

— , motor generators, 6003. 

— , non-conducting, non-porous partition cell, 
6029. 

— , pressure control, 6093. 

— , Renard cell, 6037. 


Electrolytic hydrogen, Schuckert cell, 6038- 
6044. 

— , separation of gases, 6095. • 

— , use of tartrates and citrates, 6034. 
Electrolytic iron, as catalyst, 5018. 
Electrolytic oxygen, effect of presence of 
hydrogen in, 6235-6239. 

Eloctrosols, 966. 

Elemic acid, hydrogenated, 1781, 3065. 
Elemol, hydrogenated, 1983, 6346. 
Eleomargaric acid, hydrogenated, 1774. 
Eleostearic acid (alpha), formation of iso- 
oloic acid, 3310. 

— , hydrogenated, 1775, 1775A, 6327. 
Emulsifying agent, alcohol composition, 
6301. 

Emulsions, alkali hydroxido and non-saponi- 
fiablo oil, 6112. 

— , cod liver oil, 3965. 

— , decalin, 4141. 

— , hexalin, 6357. 

— , mineral oil and alcohol, 5054. 

— , oil catalysts, 3615. 

— , soap and decalin, 6353. 

— , voltol, 5105. 

Endocamphene, hydrogenated, 2309. 
Endomethylenetetrahydrobenzaldehyde, hy- 
drogenated, 2245. 

Endomethylonetetrahydrobenzoic acid, hy- 
drogenated, 2244. 

Endomethylenetetrahydrophthalicanhydride, 
hydrogenated, 2242. 

Energy increment, radiation theory of, 325. 
Enols from phenols by hydrogenation, 2118- 
2120. 

Ephcdrine synthesis, 2696, 3067, 3068, 6337. 
Epicatechin, product, 2629. 

Epicatechin pentamethyl ether, 1840, 2630. 
Epinephrin, 3066. 

Equilibrium, and catalyst, 126-134. 

— , and temperature, 407. 

— , benzene, hydrogen, cyclohexane, 2029. 
Equilibrium chamber, 4964B. 

Equilibrium constants, practical deductions 
from, 5319. 

Equilibrium, effect of solvent, 140-142. 

— , Le Chatelier’s principle, 5212. 
Equilibrium pressure, hydrogen and metals, 
382. 

Equipment, for high pressure work, 5200, 
5208, 6361. 

Ergostanol (acetate), product, 3015. 

— , product, 3015, 3016. 

Ergostenone, hydrogenated, 3016, 3016A. 
Ergosterol, hydrogenated, 3015, 3017, 6347. 
Erucic acid, 3407, 3432. 

— , hydrogenated, 3281. 

— , hydrogen value, 3216. 

— , product, 1546. 

Essential oils, hydrogenated. 6346. 

Ester reduction, alkaline copper oxide cata- 
lyst, 1313. 
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Esters, alkyl, hydrogenation of, 1755, 6327, 
6332. 

Ethane, action of electric discharge, 5119. 

— , from acetylene, 1500-1514. 

— , industrial production from ethylene, 
1602, 1610. 

— , product, 1500-1509, 1601-1610, 1633, 
5204. 

Ether, continuous process catalytic, 108. 
Ethers, from acetals, 1932. 

— , from carbon monoxide and water, 5303, 
5469, 5560-5561 A. 

— , hydrogenation of, 1632. 
Ethoxycyclohoxanol, product, 2139. 
Ethoxypropylbcnsonitrile, hydrogenated, 
2625. 

Ethoxypropylbonsylamino, product, 2625. 
Ethoxystyrol, hydrogenated, 2137. 

Ethylation of free fatty acids, 563. 
Ethylacetylene, from methanol, 6333. 

Ethyl acetoacetate, hydrogenated, 1645. 
Ethyl alcohol, dehydrogenated, 1632. 

— . product, 1632, 1649, 1650, 1652. 
Ethylamino, product, 2505, 2512, 2513, 2602, 
2640A, 2640D, 2665. 

Ethylaminoacetic acid, product, 1868. 
Ethylaminopropionic acid, product, 1868. 
Ethylaniline, hydrogenated, 2248, 2258. 

— , from ethylbenzylaniline, 2549. 

Ethyl Aviation Standard, 4857. 
Ethylbenzene, hydrogenated, 2025, 2037. 
—.product, 1519, 1520, 1936, 1938, 1939, 

2036, 2505. 

Ethylbenzene series, basic derivatives, 2626. 
Ethylbenzoic acid, product, 1870. 
Ethylbenzylaniline, treated, 2549. 

Ethyl benzylmalonic aldohyde, product, 2628. 
Ethyl butylamine, product, 2691. 

Ethyl butyrate, product, 1645. 

Ethyl betahydroxy butyrate, product, 1645. 
Ethylcarbylamine, hydrogenated, 2685. 

Ethyl cinnamate, hydrogenated, 1630A. 
Ethylcyanide, hydrogenated, 2603, 2604. 
Ethylcyclohoxane, product, 1518, 2025, 2036, 

2037, 2169. 

Ethylcyclohexanol, product, 2151. 
Ethylcyclohexylcyclohexane, product, 2058, 
2141. 

Ethylcyclohexyl-cyclohoxanol, product, 2140, 
2148, 2149. 

Ethylcyclohexylidene-cyclohexanol, h yd r o- 
genated, 2140, 2148, 2149. 
Ethylcyclohexylidenecyclohexene, hydrogen- 
ated. 2058, 2141. 

Ethylcyclohexyl isoamy’ ether, product, 2223. 
Ethylcyclopentane. product, 2009. 
Ethyleyclopentane, hydrogenated, 2009. 
Ethylcyclopropane. hydrogenated, 2002. 
Ethyldihydromorphine. hydrogenated, 2844. 
Ethylene, action of atomic hydrogen, 1600A. 
— , action of electric discharge, 5119. 

— , adsorption by metals, 362. 


Ethylene, adsorption of, by metallized gels, 
669. 

— , adsorption on copper, 6303. 

— , as solvent in Claude process, 5818. 

— , catalytic reactions of (other than hydro- 
genation), 1609. 

— , catalyst poisons in, removal, 1602. 
Ethylene dicyanido, hydrogenated, 2605A. 
Ethylene-diol, product, 1531. 

Ethylene, hydrogenated, 372, 670, 943, 1601, 
1610, 6325. 

— , industrial hydrogenation of, 1602, 
1610. 

— , product, 1501, 1504-1506, 1509-1514, 
6333. 

Ethylene synthosis, purification of hydrogen 
for. 534. 

Ethylcnic hydrocarbons, hydrogenated, 1508, 
1600-1631, 6325. 

Ethyl ether, hydrogenated, 1633. 

Ethyl fumarate, hydrogenated, 1630A. 
Ethylfurylcarbinol, hydrogenated, 2706. 
Ethyl heptyl ether, product, 1933. 
Ethylhexahydroaniline, product, 2803. 
Ethylidenocyclohoxanono, hydrogenation of. 
6326. 

Ethyliminoanisalpropionic acid, hydrogen- 
ated, 1863. 

Ethyliminobenxalpropionic acid, hydrogen- 
ated, 1859. 

Ethyl maleate, hydrogenated, 1630 A. 
Ethylmethylheptane, product, 1639. 
Ethylmethylheptenoi, hydrogenated, 1639. 
Ethylmethylhexene, hydrogenated, 1625. 
Ethylnaphthalenes, products, 1986. 

Ethyl oleate, hydrogenated, 1771, 3230, 3232. 
3239. 

Ethyl-or*Aotoluidine, product, 2764. 
Ethylpentanono, product, 1721. 
Ethylpentenone, hydrogenated, 1721. 
Ethylphenol, product, 2151. 
Ethylphenylbutyric acid, product, 1883. 
Ethylphenylpropyl ether, product, 1933. 
Ethylpropylcyclohexylamine, product, 2693. 
Ethyl pyromucate, hydrogenated, 2704. 
Ethyl stearate, product, 1771. 
Ethyltetrahydrofuryl carbinols, product, 
2706. 

Ethyl trimethyleno, hydrogenated, 1615. 
Ethyltrimethyleno, product, 1616, 1618. 
Ethyl van ill in, hydrogenated, 1919. 

Ethyl vanillyl alcohol, product, 1919. 
Eucarvone, hydrogenated, 2424. 

Eudesmene, hydrogenated, 2314. 

Eugenol, hydrogenated, 1630A, 2348-1350. 
Evaporation losses, hydronaphthalenea as 
preventers of, 4268. 

Exchange hydrogonation, 4707, 4721, 6320. 
Experimental hydrogenation, apparatus, 
3200-3228. 

Explosion arrester, 6240. 

Explosion risk in reducing catalysts, 1129. 
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Factice-like product from rape oil, 5108. 

Fames&ne, product, 2352. 

Farnesol, hydrogenated, 2352, 6348. 

Farnesyl acetate, hydrogenated, 2352. 

Fat bloom in confectionery, 3930. 

Fata, composition of, application of hydro- 
genation to determine, 3282-3285 A, 
3337. 

Fat-splitting reagent, made with hydrogen- 
ated castor oil, 4034. 

Fatty acids, esterification, 562-565. 

— , purified by esterification and distillation, 
4035, 4036. 

— , with more than one double bond, order 
of saturation, 3314, 3316, 3318, 3320, 
3331. 

Fatty acids and neutral glycerides, hydro- 
genation of mixtures, 3344. 

Fatty oils, hydrogenation, see Oils (fatty), 
hydrogenation. 

Fenchone, hydrogenated, 1973. 

Fermentation, production of hydrogen, 5393, 
6139. 

Ferric chloride, in hydrogenation of petro- 
leum. 5026. 

Ferric-magnesium oxide catalyst, in methanol 
synthesis, 5353. 

Ferric oxide, production of liquid products 
from carbon monoxide, 5427A. 

— . reduction by hydrogen. 6307. 

Ferrosilicon, sourco of hydrogen, 6107-6122. 

Ferrous oxide, catalyst for phenol hydrogena- 
tion, 1824. 

Fertilisers, by decomposition of carbonyls, 
6318. 

Ferulene, hydrogenated, 2315. 

Fibres (organic), carriers, 650. 

Fibrox, carrier, 653. 

Filtration or bulking agent, 1134. 

Fish oil. 3317. 3318, 3407. 3415. 3416. 3431. 

— , deodorised by hydrogenation, 4003, 6328. 

Flaky nickel catalyst, 1068. 

Flash point, 4849. 

Hatting effect in paint, 4038. 

Flavor, hydrogenation, removal of, 3512. 

Flow meter for control of hydrogen current, 
714. 

Fluorene, hydrogenated, 2054, 2055, 6355. 

Fluorobensaldehyde, product, 2913. 

Fluorobensoyl chloride, dechlorinated and 
hydrogenated, 2913. 

Food products from hardened oils, 3900- 
3965. 

Foods, nickel in, 3804-3807B. 

Formaldehyde, by oxidation of methanol, 
5358B. 

— , by carbon monoxide reduction, 5405, 
6416A. 

— , formed in decomposition of methanol, 
5256A, 5267 A. 

— , hydrogenated, 1646, 1646A. 

— , in synthol, 5467. 


Formaldehyde, photochemical synthesis, 
5558. 

— , polymerization, 5557, 6334. 

— , synthesis, 5572, 5573. 

Formamide, in petroleum hydrogenation, 
6024C. 

Formates, formation from water-gas, 5816A. • 
— , hydrogenation with, 1164-1167. 

Formic acid, action on atomic hydrogen, 
6302. 

— , catalytic decomposition, 5266, 6306. 

— , catalytic hydrogenation of ketones by, 
1940, 1941, 1960. 

— , from carbon monoxide, 5469, 5556, 5567. 
Formic esters, by reduction of carbon mon- 
oxide, 5567. 

Franconite, catalyst support, 6346. 

Friedel -Crafts catalysts, 326, 4657A, 6352. 
Fuel emulsion 8, 5054. 

Fuel oil. conversion to gasoline, 4836. 

— , hydrogenation of, 4831, 4844. 

Fuller’s earth, as clarifying agent, 5030. 

— , carrier, 653. 

— , in oil filtration, 1 134. 

— . removal of catalyst poisons, 559. 

Fumaric acid, adsorption on platinum, 
6306. 

— , hydrogenated, 1630A, 1786, 0311. 

— , product, 1553. 

Fumaric and maleic acids, isomerism, 1419. 
Fumaric esters, hydrogenated, 6327. 

Fur&ne derivatives, relativo ease of hydro- 
genation, 2704. 

Fu ran -carboxylic acid, hydrogenated, 2704. 
Furfuracrolein. hydrogenated. 2709. 

Furfural, hydrogenated, 1550, 1889, 2700- 
2703, 6345. 

— , product, 2653 A. 

Furfural diethyl acetal, hydrogenated, 2704. 
Furfural acetone, hydrogenated, 2704. 
Furfuraldoxime, hydrogenated, 2653A, 2654, 

2711. 

Furil, hydrogenated, 2704. 

Furoin, hydrogenated, 2704. 

Furyl aery lie acid, hydrogenated. 2704. 

Furyl alcohol, hydrogenated. 2704. 

— , product, 2700. 2701, 2703. 

Furylallyl alcohol, product, 2709. 

Furyl amino, hydrogenated, 2710. 
Furylethylamino, fission-hydrogenation of, 

2712. 

Furylpropyl alcohol, product, 2709. 

Furyl propyl amine, hydrogenated. 2713. 
Fus&in, berginisation experiments on, 4438. 

Galactonic acid, hydrogenated, 1799. 
Galactose, hydrogenated, 1752. 

— , protective colloid, 912. 

Gallaldoxime acetate, hydrogenated, 2642. 
Gallic acid derivatives, hydrogenated, 2917. 
Gallic aldehyde, hydrogenated, 1930. 

— , product, 2917. 
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Gamma ketonic amines, hydrogenation of, 
2753-2754. 

Gamobufotalin, hydrogenated, 3048. 

Gas-oil, conversion to burning oils, 4840. 

— , desulphurization and hydrogenation, 
4943A. 

— , from fuel oil, 4836. 

— , hydrogenation of, 4804-4806A. 

“Gasol, M 5534, 5535. 

Gasoline, containing hcxalin, 6357. 

— , containing tetralin, 6353. 

— , from fuel oil, 4836. 

— , production by berginization, 4670. 

— , significance of term, 4856. 

Gas washing, tetralin in, 4259, 4260. 

Gauges for high-pressure work, 5246. 
Gelatin, catalyst poison, 931. 

— , protective colloid, 931, 935, 936. 

— , solution in hcxalin, 6357. 

Gels, as carriers, 667. 

— , metallized. 676-679, 942, 943. 

— , impregnated with catalyst, 6310. 
Geometrical isomerides, formation of, 1421, 
1422. 1423. 

Geometrical relations, specificity due to, 318. 
Geometric isomerism, 1412-1420. 

Geraniol, hydrogenated, 2316, 2319, 2353- 
2359, 6346. 

— , improvement of odor, 2355A. 

— , product, 2403. 

Geraniol and citronellal, rates of hydrogena- 
tion compared, 2353 A. 

Germicides, tetralin and derivatives, 4269. 
Germ method of forming colloidal catalyst, 
# 908, 909, 931. 

Ginkgo fruit products, 3044. 

Ginkgol, hydrogenated, 3045. 

Ginkgolic acid, hydrogenated, 3044. 
Gitoxigcnin, hydrogenated, 3039. 

Glass, as oxidation catalyst, 108. 

— , carrier, 650, 653. 

— , influence on activity, 371. 

Glass wool, explosion arrester, 6203, 6206. 
Glucinum oxide, catalyst support, 5036. 
Gluconic acid, hydrogenated, 1753A, 1799. 
Glucosans, hydrogenation of, 1753A. 

Glucose, hydrogenated, 1751. 

— , product, 1799. 

Glucosides, hydrogenated, 3035. 

Gluten, protective colloid from, 910, 911. 
Glycerides, possibility of producing mixed, 
3908. 

Glycerol, free fatty acids esterified with, 562. 
— , hydrogenation of, 1753 A. 

— , product, 1753 A. 

Glycerol content of hardened oils, 3434. 
Glyceryl oleate, hydrogenated, 3230, 3236, 
3239. 

Glycols, formed from cracked gases, 5039A. 
— , free fatty acids esterified with, 565. 

— , product, 2189. 

Glycylalanino anhydride, product, 2683. 


Glyoxaline ring, hydrogenation of, 2788, 
2788A, 2788B. 

Gold, as oxidation catalyst, 108. 

— , hydrosol, 902. 

— , precipitated by lower oxido of silicon, 
1144. 

— , reduced by hydrogen in silica gel, 668, 
942. 

Gold compounds, as catalysts, 4526, 4526A, 
4528. 

Granulation of hydrogenated fats, 3928. 
Graphite, carrier, 653. 

— , colloidal, as catalyst, 4801 B. 

Guaiacol, hydrogenated, 1632, 2132. 

— , to prevent formation of catalyst poisons, 
561. 

Guaiazulcne, hydrogenated, 2303. 

Guaiene, hydrogenated, 2304. 

Guayule resin, hydrogenation of, 4184. 

Gum arabic, protective colloid, 907, 908. 
Gum test, 4858. 

Guncotton, carrier, 650. 

Guttapercha, 3074. 

Halogens, catalyst poisons, 523, 540, 1009. 

— , determined by dehaloge nation, 2901- 
2901C. 

— , production of lubricating oils, 6358. 
Halogen compounds, as catalysts, 4532 4533, 
4534, 4550, 6358. 

Halphen test, 3268-3274, 3429, 3474. 
Hardened oils, ash, 3439. 

— , detection of, 3435-3478. 

— , edibility of, 3800-3822. 

— , food products from, 3900-3965. 

— , high stability of, 3812-3814. 

— , in confectionery, 3930. 

— , in non-edible products, 4000—4042. 

— , religious and other advantages of, 3820. 
— , water holding capacity, 3911, 3913. 

Heat, effect on catalyst, 216, 359. 

Helianthin, hydrogenated, 2614E. 

Hemateric acid, hydrogenated, 2727. 
Hematoxylin derivatives, 3022. 

Hem in, hydrogenated, 2724, 2725, 2727. 
Heptaldehydo, hydrogenation, 1662, 1663. 
Heptaldehydo acetals, hydrogenated, 1933. 
Heptaldehydo and ammonia, compound hy- 
drogenation, 2691. 

Heptaldoximo, hydrogenated, 2649, 2650. 
Heptane, product, 1517, 1622. 

HeptaneKiiol, product, 2706, 2709. 

Heptanol, product, 2706. 

Heptene, hydrogenated, 1622. 

— , product, 1517. 

Heptine, hydrogenated, 1517. 

Heptyl alcohol, product, 1662, 1663, 1664. 
Herring oil, pretreated to remove catalyst 
poisons, 557. 

Heterocyclic compounds, hydrogenation of, 
2700-2866, 6343-^345. 

Heterogeneous catalysis, 352. 
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Heterogeneous catalysis, definition, 112. 
Hexadecene, hydrogenated, 6322. 
Hexadecenoic acid, 3262. 

Hexadocenolic acid, hydrogenated, 1544. 
Hexahydro-acenaphthene, product, 2187. 

acetophenone, product, 2170. 

aniline, in preparation of catalysts, 1143. 

aniline (cyclohexylamine), product, 2250- 

2254. 

— -anisol, product, 2121, 2122, 2138, 2851A. 
anthraquinol, product, 2185. 

anthraquinone, product, 2176. 

an throne, hydrogenated, 1994. 

benxaldehyde (semicarbaxone), product, 

2246. 

benzoic acid, product, 2200-2204, 2206, 

2225. 

bensyl&mine, product, 2257. 

bensylaniline, product, 2262. 

benzy 1-cy clohexanol , product, 1977, 2147, 

2188. 

— -carvacrol, product, 2135. 

— -cinchonidine, product, 2732. 

— -cinchonine, product, 2732, 2819A. 

curcumene, product, 2313, 2313A. 

cymene, product, 2334, 2334. 

— -diphenylene oxide, product, 2128A, 2144. 

— -durene, product, 2043. 

— -ethylaniline, product, 2249. 

famesol, product, 2352. 

guaiacol, product, 2132. 

hydroxy benzoic acids, product, 2207. 

indene, 2021. 

indoline, product, 2716. 

naphthalide, product, 2236. 

nicotinic acid, 2762, 2762A. 

paraminophenylethyl chloride, product, 

2545. 

phenanthrene, product, 2075. 

phenyl&cetaldehyde acetals, product, 1934. 

phenylacetic acid, product, 2206, 2222. 

phenylethyl ethyl ether, product. 1934. 

phenylglycine carboxylic acid, product, 

2239. 

phthalic acid, product, 2224-2227, 2243. 

phthalic acid (di-ethyl eater), product, 

2206. 

Hexahydro-phthalide, in power transmission, 
6349. 

— , product, 2227. 

Hexahydro-phthalimide, product, 2275. 

polystyrol, product. 2037 A. 

salicylic acid, product, 2206, 2208. 

terephthaiic acid (dimethyl ester), prod- 
uct, 2206. 

toluene, product (industrial), 4330. 

— -toluic acids, products, 2219, 2224, 2227. 

xanthene, product, 1977, 2188. 

Hexahydroxy-benzene, hydrogenated, 2136. 
Hexahydro-xylene, product (industrial), 
4330. 

singiberene, product, 2336. 


Hexalin acetate, 4326. 

Hexalin, anti-knock properties, 4346, 6357. 
— , detection and determination in soaps, 
4331 A. 

— , emulsifying properties, 4311, 4312. 

— , fungicidal action of, 4323. 

— , homogenizer for solutions, 4308, 4309. 

— , in lacquer, 4321, 4342. 

— , paint vehicle, 4345. 

— , properties, 4300. 

— , soaps with, 4312, 4318, 4320. 4333-4338. 
— , stabilizer for bituminous emulsions, 4340. 
— , solvent for driers, 4344. 

— , solvent for linoxyn, 4303. 

— , solvent for phenol-formaldehyde resins, 
4301. 

— , solvent for resins, 4301, 4302. 

— , solvent for rubber, 4304. 

— , wood preserver, 4323. 

Hexamethylenetetramine, hydrogenated, 
2667. 

Hexane, product, 1515, 1620, 1820. 

Hexanol, product, 1636. 

Hexene, hydrogenated, 1620. 

Hexenoic acid, product, 1420. 

Hexenol, hydrogenated, 1636. 

Hexinenoic acid, hydrogenated, 1420. 
Hexylbenzene, hydrogenated, 2045. 
Hexylcyclohexane, product, 2045. 

Higher alcohols, favored by alkali catalysts, 
5305. 

— , from carbon monoxide, 6427A, 5274, 
6362. 

— . from methanol, 5358B, 5467B, 5468. 

— , increasing yields, 5459, 5460. 

High frequency treatment, hydrogenation of 
coal, 4712. 

High-pressure apparatus, see Apparatus, high 
pressure. 

High pressure, objects in using, 5216. 

— , significance of term, 5217. 

Homoeugenol, 1949, 2351. 

Homogeneous catalysis, definition, 112. 
Homo-isophorones, hydrogenated, 1735, 1736. 
Homopyrocatechol, product, 1929. 

Hopcalite, 5365 A. 

Humulon, hydrogenated, 2786. 

Hycoeol, 4850. 

Hydantoin aldoxime, product, 2514. 
Hydnocarpic acid, hydrogenated, 2016. 
Hydraulic compressors, for high-pressure 
work, 5244, 5245. 

Hydraulic pumps, for high pressures, 5244, 
5245. 

Hydrazine, action on fats and fatty acids, 
3336. 

Hydrazine hydrate, in hydrogenation of 
nitro-compounds, 2507A. 
Hydrazobenzene, product, 2532, 2673. 2674, 
6302. 

Hydrazocyclohexane, product, 2274. 
Hydrazoisobutane, product, 2672, 2679. 
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Hydride, colloidal, in hydrogenation of oils, 
1168, 1169, 1170. 

— , nickel, 6312. 

— , palladium, rhodium, iridium, 382. 

Hydrik process of hydrogen manufacture, 
6124. 

Hydrindene, hydrogenated, 2065. 

— , product. 2064. 

Hydrindolmethyl alcohol, product, 2812. 
Hydriodic acid in coal hydrogenation, 4403- 
4406. 

Hydroanisoin, product, 1957A. 
Hydrobonzoin, product, 1935, 1936, 1957A. 
Hydrobenzyiideneazine, hydrogenated, 2681. 
Hydrobleaching, 4850. 

Hydrocarbonization of oils, 4467A, 4833, 
4850, 4866. 

Hydrocarbons, action of atomic hydrogen, 
6302. 

— , electrical treatment of, 51 19-51 19C. 

— , laboratory syntheses of, 1631. 

— , source of hydrogen, 5901-5964. 
Hydrocarbon syntheses, 5400-5430, 5500- 
5552 ; see also Synthin. 

— , aromatic hydrocarbons from-water gas, 
5549. 

— , desulphurization of used catalyst, 5552. 
— , from coal gas, 5427, 5428. 

— , from coal gas-water-gas mixture, 5458. 

— , from methane, 5420-5430. 

— , — , catalysts, 5420-5424. 

— , — , indirect, 5426. 

— , — , olefines with evolution of hydrogen, 
5425. 

— , — , production of benzene hydrocarbons, 
5429, 5430. 

— , — , r61o of oxygen, 5421. 

— , from water-gas and hydrocarbon gas, 
5551. 

— , high paraffins a by-product of synthol, 
5454. 

— , “mild” catalysts, 54 16 A. 

— , nickel catalyst, 5408-5416. 

— , reduction of carbon dioxide, with irradi- 
ated catalyst, 5550. 

— , via acetylene, 5547. 

Hydrocinnamic acid, product, 1144. 
Hydrocinnamic esters, hydrogenated, 2218. 
Hydrocinnamylcocaine, product, 2827. 
Hydrochalcone, product, 2433, 2434. 
Hydrocodeine, product, 2829. 

Hydrocosol, 4850. 

Hydrocyanic acid, catalyst poison, 520, 
522. 

— , hydrogenated, 102, 700, 2600-2602, 6339. 
— , platinum catalyst for hydrogenating, 861. 
Hydrocyanodiphenylcarbodiimine, hydrogen- 
ated, 2620. 

Hydrofining. 4464. 4831, 4850. 
Hydrofissioning. 4454B, 4860, 4861. 
Hydroforming, 4831, 4850. 

Hydrogen, absorption of, by steel, 4614A. 


Hydrogen absorption, measurement and con- 
trol of, 715, 716, 722. 727, 736, 741. 
Hydrogen, action of electric discharge on 
oils, 5108, 5128. 

— , action of steam and air on coal, 4704. 

— , action of steam and iron, 4705. 

— , activated, 343. 

— , activation of, 373. 

— . active, 345, 354, 378. 

— , — , properties, 345. 

— , activity of catalysts cooled in, 1109, 
1111, 1121. 

Hydrogen adsorption, by metallized gels, 
669. 

— , increased by use of carrier, 1028-1030, 
1044. 

Hydrogenated naphthalenes, see Hydro- 
naphthalenes. 

Hydrogenated organic compounds, as hydro- 
gen carriers, 4720. 

Hydrogenated phenols, determination in 
presence of hydronaphthalenes, 4331. 
Hydrogenation, acetylenic linkages, 1500- 
1562. 

— , at reduced pressures, 423, 2404. 

— , at room temperature, 411. 

— , catalysis and oxygen, 804-820. 

— , catalytic, without free hydrogen, 1428. 

— , cis- and trans - ethylenic forms differen- 
tiated by, 1419, 1420, 6327. 

— , competitive, 6321. 

— , conditions of, 400-425. 

— , equilibria, 369. 

— , exchange or intrinsic, in coke-formation, 
4402. 

— , experimental, apparatus, 701-750. 

— , — , connections for, 711, 712. 

— , — , purification of hydrogen, 710, 719, 
720. 

— , — , use of flow meter, 714. 

— , general definition, 100. 

— , in electric field, see under Electrical treat- 
ment of oils. 

— , “ non-cataly tic " berginixation, 101. 

— , non-cataly tic, with formates, 1164-1167. 
Hydrogenation by electricity, stearin from 
olein, 5100. 

Hydrogenation flavor, removal of, 3512. 
Hydrogenation of coal, see under Coal, and 
Berginixation. 

Hydrogenation of fats, see under Oils (fatty). 
Hydrogenation of petroleum, see under Min- 
eral oils. 

Hydrogenation, pressure, influence of, 414- 
423. 

— , reversal at high temperature, 407, 408. 

— , temperature coefficient, 401. 
Hydrogenation velocity, 416, 3348. 

Hydrogen, atomic, 332, 1600A, 6301. 

— , — , action on ethylene, 1600 A. 

— , by-product of brine electrolysis, 5604. 

— , circuited for reuse, 4519, 4834, 5025. 
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Hydrogen-containing gases, in oil hardening, 
5605-5609. 

Hydrogen, effect of pressure on liberation of 
hydrogen from hydrocarbons, 4905. 
— , electrolytic, see Electrolytic hydrogen. 

— , electrolytic commercial hydrogen contam- 
inated, 5242. 

— , explosive mixtures, 6204, 6235. 

— , fermentation, 5394, 6139. 

— , from acetylene, 5901-5904. 

— , from aluminum amalgam, 6127, 6128. 

— , from coal, 5540. 

— , from coke-oven gas, 5825, 5827-5838, 
5931. 

— , from ferrosilicon, 6107-6112. 

Hydrogen from hydrocarbons, Beekley proc- 
ess, 5959. 

— , Blake process, 5958. 

— , catalytic processes, 5044-5955, 5957- 
5960. 

— , partial combustion, 5938-5040. 

— # partial combustion in presence of steam, 
5941, 5943. 

— , thermal decomposition, acetylene, 5901- 
5904. 

— , — , coal gaa, 5930. 

— , — , carbon black processes, 5914-5919, 
5927, 5934. 

— , — , coke-oven gas, 5931-5933. 

— , — , composition of product, 5910. 

— , — . natural gas, 5925, 5927-5929. 

— , — , oils and tars, 5906-5913, 5921, 5922, 
5925. 

— , thermal decomposition and partial com- 
bustion with 8 team, 5942. 

— , use of steam, 5034-5064. 

— , Williams’ process, 5958, 5959. 

Hydrogen, from hydrogen sulphide and hy- 
drocarbons, 6150. 

— , from illuminating gaa, 5930. 

— , from methane, 5001, 5935C, 5956. 

— , from natural gas, 5901. 

— , from “sical,” 6103. 

— , from silicidea, 6103-6105. 

— , from sodium and water, 6103, 6104. 

— , from sodium bisulphate and iron, 6161. 
— , from water decomposition in arc, 
6096. 

Hydrogen in berginization, 4639-4647A. 

— , carbon monoxide-steam reaction, 4640, 
5957. 

— , circulating gas washed, 4641-4643. 

— , dehydrogenation of saturated hydrocar- 
bons, 5961. 

— , desulphurization, 4647A. 

— , methane cracking, 4641. 

— , methane-water reaction, 4640, 5936A, 
5945, 5957. 

— , regeneration from methane by heating 
with carbon dioxide, 5952. 

Hydrogen, in coal, 4402. 

— , industrial sources of, 5610. 


Hydrogen iodide, decomposition retarded by 
hydrogen, 355. 

Hydrogen, laboratory apparatus for elec- 
trolytic preparation, 5242. 

Hydrogen manufacture, 4834, 5600-6160, 

6362. 

— , see also. Electrolytic hydrogen; Lime 
process; Steam-iron process; Water- 
gas catalytic process, etc. 

— , accelerated rust reaction, 6158. 

— , acid on metals reaction, 6151-6161. 

— , aluminum and alkali processes, 6123, 
6124, 6132. 

— , aluminum-mercury couple processes, 
6125-6128. 

— , automatic switch to prevent polarity 
reversal, 6240. 

— , barium sulphide processes, 6137, 6138. 

— , Bergius' carbon-water process, 6133, 
6134. 

— , Bergius' iron-water process, 6136, 6136B, 
6136D. 

— , by electrolysis, tee Electrolytic hydrogen. 
— . by thermal decomposition of hydrocar- 
bons, 5822 A. 

— , calcium hydride processes, 6129-6131. 

— , choice of methods, 5831. 

— , comparative costs, 6210. 

— , decomposition of water in arc, 6096. 

— , diffusion processes, 6141-6146. 

— , electrolytic methods, 6000-6095. 

— , fermentation processes, 5393, 6139. 

— , from coal, 5610. 

— , from hydrocarbons, 5418, 5419, 5425, 
5610, 5900-5964. 

— , — , see Hydrogen from hydrocarbons. 

— , from methane, 5418, 5419, 5425. 

— , Gardiner and Hulett cell, 6106. 

— , liquefaction processes, 5800-5838. 

— , miscellaneous processes, 6100-6160. 

— , phosphorus method. 5610, 5760-5778, 

6363. 

— , purification, 6212-6230. 

— , purification of electrolytic hydrogen, 
6216, 6228. 

— , reaction between hydrocarbons and 
hydrogen sulphide, 6150. 

— , steam -iron process, 5635-5674. 

— , sulphur and steam catalytic process, 6148. 
— , summary, 6210. 

— , zinc-lime process, 6140. 

Hydrogen, metals precipitated from solution 
by, 1145, 1147. 

— , ortho- and para-, 6300. 

Hydrogenolate, 4852. 

Hydrogonolysis, 4454B, 4831, 4836. 4868. 

— , contrasted with pyrolysis, 4868-4870. 

— , of mineral oils, see Mineral oils, hydro- 
genation of. 

— , meaning of term, 4868. 

Hydrogen-oxygen mixtures, explosions, 6236- 
6239. 
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Hydrogen-oxygen mixtures, inflammable and 
explosive proportions, 6235. 

Hydrogen, permeability of nickel, 6312. 

— , preactivation, 4731. 

• — , precautions in handling, 6200-6209. 
Hydrogen pressure, effect on rate of hydro- 
genation, 3759. 

Hydrogen, produced from zinc and acid, 
4938D. 

— , produced from sulphur and steam, 6148. 
— , reducing inflammability of, 6209A. 

— , purification. 534, 1005, 3208, 3526, 5643, 
6211-6230. 

— , — , removal of arsenic, 6213, 6214. 

— , — , removal of catalyst poisons. 534. 

— , — , removal of carbon dioxide, 6218, 6219, 
6225, 6226. 

— , — , removal of carbon monoxide, 6212, 
6218, 6219, 6222-6224, 6227. 

— , — , removal of sulphur compounds, 5962, 
6217-6221. 

— , recovery of, 4822, 4823, 6358. 

— , requirement for saturation of different 
oils, 5600. 

— , separation by diffusion, 6141-6146. 

— , solubility in silver, 384. 

— , substitutes for, 4528. 

Hydrogen sulphide, catalyst poison, 506, 520, 
522, 539, 541, 570. 

— , influence on hydrogen occlusion, 570. 

— , in hydrogenation of mineral oils, 4967- 
4970. 

— , removed from water-gas, 5629, 5630, 
5634. 

Hydrogen value, 3216-3221, 6322. 

— , apparatus and technique for determining, 
3216-3219, 6322. 

— # defined. 3201, 3216. 

— , linolic acid, 3206. 

— , of various oils, etc., 3216. 

— , oleic acid, 3203. 

Hydrohexalin, 4332. 

— , substitute for Turkey red oil, 4332. 
Hydrolecithin, product, 3063. 
Hydrolubrifining, 4850. 

Hydroluminization, 4850. 
Hydronaphthalenee, detergents, 4253, 4254. 
— , extracting agent for coal, 4625. 

— , fuel. 4234-4245. 

— , illuminanta, 4266. 

— , lubricants, 4246-4248. 

— , phosphorus compounds from, 4150. 

— , prevent evaporation loss, 4268. 

— , resinous products from, 4274. 

— , smudge producers, 4267. 

— , solvents, 4255-4260. 

— , spectrochemical behavior, 4162. 

— , uses, 4200-4291. 

— , water soluble products from, 4272. 
Hydrophthalyi lactonic acid, product, 1935, 
1936. 

Hydropiperoin, 1957A. 


Hydroquinine, product, 2817, 2827. 
Hydroquinone, hydrogenated, 1837, 1838. 

— , product, 1842. 

Hydrosafrol, product, 2369. 

Hydroscissioning, 4454B, 4860. 

Hydrosol, 901-909. 

Hydroxide catalysts, platinum group, 919, 
920. 921, 924. 

Hydroxy acids, hydrogenated, 1783, 1784, 
3341. 

Hydroxy aliphatic esters, product*. 1798. 
Hydroxy benzoic acid, hydrogenated with 
fission, 2201. 

— , hydrogenation of, 2207, 2209. 
Hydroxybenzylamine, product, 2664. 
Hydroxy be nzylaniiine, aniline and ortho- 
c resol from, 2549. 

Hydroxybetanaphthoic acid, hydrogenated, 

2211 . 

Hydroxy butyric acid, product, 2505. 
Hydroxycarbethoxyalkylpiperidines, prod- 
ucts, 2750. 

Hydroxycodeinone-hydraxone, hydrogenated, 
2836, 2840, 2841. 

Hydroxy-cumene, product, 2128. 
Hydroxy-cyclohexane carboxylic acid, prod- 
uct, 2209. 

Hydroxy-cyclohexyl isoamyl ether, product, 
2131. 

Hydroxy-cyclohexylacetolactone, product, 
2217. 

Hydroxy-decahydronaphthaleno carboxylic 
acid, product, 2216. 

Hydroxy-decahydroquinoline, product, 2775. 
Hydroxy-decal in carboxylic acid, product, 
• 2212, 2213. 

Hydroxy-decanoic acid, hydrogenated, 1762. 
Hydroxy-dihydrocodeine, product, 2837. 
Hydro xy-dimethylsuccinic acid, hydrogen- 
ated, 1784. 

Hydroxy-diphenyl, hydrogenated, 2145, 
2146. 

Hy d r ox y-d iphen y 1 -d im e thyl valeraldehyde, 
product, 1929. 

Hydroxy-diphenylmethane, hydrogenated, 
2158. 

Hydroxy-heptylamine, product, 2713. 
Hydroxy-hoxylamine, product, 2712. 
Hydroxylamines, products, 2510-251 1G. 
Hydroxylamino-heptane, product, 2646. 

methane, product, 2510. 

methylpentane, product, 2647. 

methylpentanol, product, 2510, 251 IF. 

octanol, product, 2510, 251 1G. 

phenylethane, product, 2648. 

propanol, product, 2510, 251 IB. 

Hydroxyl-radical, activity of, 6301. 
Hydroxy-mandelic acid, hydrogenated, 1896. 
Hydroxy-metacymene. product, 2128. 
Hydroxymcthylacetophonone, product, 2698. 
Hydroxy-methylaminobenxoic acid, product, 
2566, 2566A, 2566B. 
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Hydroxymethyl-desoxybenioin, product, 
2622. 

Hydroxymethylene derivatives of ketones, 
hydrogenation of, 1945, 2812. 

Hydroxymethylene-phenylacoto nitrile, hy- 
drogenated, 2616, 2624. 

Hydroxymethyl-ethylsuccinic acid, hydro- 
genated, 1784. 

Hydroxymethylnitrobenzoic acid, hydrogen- 
ated, 2566-2567. 

Hydroxymethyloctanone (aldol), 1726. 

Hydroxymethylsuccinic acid, hydrogenated, 
1784. 

Hydroxyoctahydroanthrol, product, 2181. 

Hydroxypentane, product, 2505. 

Hydroxyphenylacetic acid, hydrogenated, 
2217. 

— , product, 1896. 

Hydro xyphenylacetonitrile, hydrogenated, 

2614E, 2626. 

Hydroxyphenylethylamine, product, 2614E. 

Hydroxyphenylethyl phenyl ketone, product, 
2635. 

Hydroxyphenylpropanolamine, product, 2696. 

Hydroxypropylpiperidine, product, 2742. 

Hydroxypropylpyridine, hydrogenated. 2742. 

Hydroxyquinoline, hydrogenated, 2775. 

Hydroxyserolene, product, 2865. 

Hydroxyatearic acid, product, 1776, 1778. 

Hydroxystyryl phenyl ketone, hydrogenated, 
2435. 

Hydroxytetrahydronaphthalene carboxylic 
acid, 2215. 

Hydroxytetraphenylm ethane, hydrogenated, 
2159. 

Hydroxytriphenylcarbinol, hydrogenated, 
2156. 

Hydroxytriphenylmethane, 2156, 2157. 

Hydroxyvaleric acid, product, 1793. 

Hydrunsulphing of oils, 4850, 4863, 4867. 

Hygestion, 4861. 

Hyodeoxybilianic acid, hydrogenated, 3058. 

Hyodeoxy cholic acid, hydrogenated, 3058. 

Hypophosphitee a 8 catalyst raw material, 
1175. 

Illipono, ’hydrogenated, 6324. 

Imino-esters, hydrogenated, 2602. 

Indeno, hydrogenated, 2064, 5201, 6355. 

Indigo, hydrogenated, 2807, 2807A. 

Indigo white, product, 2807, 2807A. 

Indole, hydrogenated, 2800-2805. 

Indoxyl. hydrogenated, 6343. 

Industrial oil-hardening practice, 3700-3774. 

— , see also, Bolton and Lush process. 

— , catalyst preparation, 3701-3705, 3712- 
3716, 3722-3726. 

— , catalyst regeneration. 3727-3730. 

— , filtering off catalyst, 3708, 3744-3746. 

— , operation of hydrogenation, 3705-3708, 
3716-3722. 3737-3744. 

Infra-red absorption, 325. 


Inosite, product, 2136. 

Insecticides, from hydrogenated bases, 6325. 
— from, hydrogenated naphthalene, 6353. 
— , from manufacture of isobutyl alcohol, 
6361. 

Insulating masses, from carbonyls, 6318. 

— , hydrogenated castor oil, 4039. 

— , hydrogenated squalene, 4042. 

Insulating oils, 5118A. 

Interchange hydrogenation, 4707, 4721, 6320. 
Intermediate compound theory, 306, 307, 313, 
321, 322, 327C, 358. 

Intermediate compounds, decomposition of, 
by promoters, 608. 

— , definite and indefinite, 313. 

Iodine, as catalyst, 4533, 4534, 4545, 4902. 
— , catalyst for naphthalene hydrogenation, 
4122. 

— , catalyst poison, 109, 540, 1009. 

— , in motor fuels, 6317. 

— , preheating coal with, 4628A. 

Iodine number, abietio and d-pimaric acid, 
2237. 

— , changes in hydrogenation of oils, 3259- 
3264. 

— , of hardened oils, see under Analytical con- 
stants of hardened oils. 

Iodobenxene, dehalogenatod, 2923. 

Ionized gases, action on fatty oils, 5127. 
Ionones, hydrogenated, 2355A, 2426. 

Iridium, catalyst, 800, 803, 881, 960, 1144, 
2254, 2734, 2736. 

— , precipitated by lower oxide of silicon, 
1144. 

Iridium hydride, non-existent, 383. 

Iron, attacked by carbon monoxide, 5376. 

— , carrier, 938, 940. 

— , exclusion from carbon monoxide-reduc- 
tion apparatus, 5304. 

— , hydrosol, 902. 

— , not catalyst poison, 541. 

— , porous catalyst from ferro-silioon, 1072. 
— , promoter for copper, 603. 

— , pyrophoric, 366, 5672, 6316. 

— , used to precipitate catalytic metals, 1 142. 
Iron arc, oleic acid hydrogenated, 5124. 

Iron carbonyl, 1350-1353, 1357, 1360, 1361, 
1365, 6314-6318. 

— , as anti-knock in motor fuels, 1360, 6317. 
— , in carbon monoxide, 5521, 5632. 

— , preparation and properties, 1350, 1351, 
1352, 1353, 1365. 

— , production of catalyst from, 5542, 5543. 
— , removed by activated carbon, 5521. 

— , stabilizing, to light, 1361, 1362. 

Iron catalysts, for production of hydrogen 
from hydrocarbons, 5945, 5951, 5955, 
5963. 

— , in berginization, 4512-4517, 4520, 4531, 
4546, 4720A, 4724, 4724A, 4819, 4829, 
4904, 4913-4916, 4937, 5003, 5004, 
6019. 
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Iron, in methanol synthesis, 5258, 6343- 
5345 A, 5353, 5354, 5355A, 5360, 
5360A, 5362. 

— , in water-gas process, 5703, 5704, 5709- 
5711. 6713-5722. 

Iron-charcoal catalyst, for hydrogenation of 
cresols, 1829. 

Iron compounds, as promoters, 854. 

— , catalyst poisons, 526. 

Iron group metals, alloys with platinum 
group, 964. 

Iron hydroxide gel, as catalyst carrier, 676. 

Iron oxide, catalyst, 1319-1319. 

— , kinetics of reduction, 1022. 

Iron silicate, catalyst raw material, 1026. 

Irradiation of catalyst, 349, 6360. 

Isatin, hydrogenated, 2808, 2809. 

Isa tinphenyl hydroxy lamine, hydrogenated, 
2808 A. 

Isoamylaldehyde, hydrogenated, 1659, 1660, 
1661. 

Isoamylamine, product, 2503, 2504, 2632A, 
2662. 

Isoamylcarvol, hydrogenated, 2360. 

Isoamylcyanide, hydrogenated, 2607. 

Isoamylcyclopentane, reduced, 6324. 

Isoamylene, from berginixation product, 
4604. 

Isoamyl ether, decomposed, 1632. 

Isoamyloxycyclohexenylacetic acid (ethyl 
ester), hydrogenated to an ether, 2223. 

Isobilianic acid, hydrogenated, 3056, 3060C. 

Isobomeol, isomerism, 1418. 

— , product, 1417, 1936, 2342A, 2343. 

Isobutaldaxine, hydrogenated, 2672. 

Isobutane, product, 2001. 

Isobutyl alcohol, product, 1647, 1655-1657. 

Isobutylamino, product, 2662, 2672, 2694. 

Isobutyl heptyl ether, product, 1933. 

Isobutylidene-acetone, hydrogenated, 1948. 

Isobutylisobutylidene hydrazine, product, 
2679. 

Isobutyl nitrite, hydrogenated, 2503. 

Isobutyl oleate, hydrogenated, 3230, 3234, 
3239. 

Isobutyraldehyde, amino from, 2662. 

— , hydrogenated, 1647, 1655-1657. 

Isobutyraldoxime, hydrogenated, 2632A. 

Isocamphane8, products, 2305, 2308C, 2341, 
2342A. 

Isocapronic aldehyde, amine from, 2662. 

Isocholesterol, hydrogenated, 6347. 

Isocrotonic acid, from tetrolic acid, 6333. 

— , hydrogenated, 1759. 

Isocyanic acid, hydrogenated, 2602. 

Isodihydrothebaizonic acid, hydrogenated, 
2856. 

Isocugenol, hydrogenated, 1630A, 2348, 2350. 

Isohexane, product, 2003. 

Isohexylamine, from isocapronic aldehyde, 
2662. 

Isohexyl ethyl ketone, product, 1727. 


Isohydrobenzoin, product, 1935, 1936, 1957A. 
Isomenthone, hydrogenated, 2380B. 

— , product, 2440, 2441, 2444. 

Isomerization, contact, 6308. 
Isonitrosoacetone, hydrogenated, 6340. 
Isonitrosoketones, reduction of, 2696. 
Iso-oleic acid, 3300-3313. 

— , by dehydrogenation of stearic acid, 3311. 
— , conditions of formation, 3311-3313. 

— , definition, 3300. 

— , detection of, in hardened oils, 3448, 3449. 
— , estimation of, 3303-3307, 6331. 

— , factor in oil-hardening, 3302. 

— , formation of, 3311, 3324. 3325. 

— , innocuous in soap, 4011. 

— , position of double bonds in, 3308-3310, 
6327. 

— , suppression of formation, 3772-3773. 
Iso-pelletierine, 2742. 

Isopentane, product, 1615, 1619, 2002, 4828, 
5201. 

Isophthalic acid, hydrogenated, 2227. 
Isopinene, product, 2328. 

Isoprene, from aldol, 6335. 

— , from berginization, 4664. 

— , from rubber, 4902. 

— , hydrogenated, 6322. 

Isopropyl alcohol, product, 681, 1141, 1700, 
1702-1706, 4665. 

Isopropylamine, product, 2502, 2505, 2644. 
Isopropylaniline, product, 1415. 
Isopropylcyclohexanol, product, 1415, 2117A. 
Isopropylcyclohexanone, hydrogenated, 1415. 
— , product, 2130. 

Isopropylcyclohexylamine, product, 2693. 
Isopropylcyclohexylhydroxylamine, prod- 
uct, 1415. 

Isopropylcyclopentanone, product, 1802. 
Isopropylcyclopentanone, hydrogenated, 
1416. 

Isopropyl dihydro resorcinol, hydrogenated, 
2130. 

Isopropyl ether, decomposed, 1632. 
Isopropylguaiacol, product, 2350. 
Isopropylhydrazine, product, 2670. 
Isopropylidene-cyclopentanone, hydrogen- 
ated, 1802. 

Isopropylnaphthalene, product, 2127. 
Isopropylnaphthol, product, 1850, 2127. 
Isopropyl nitrite, hydrogenated, 2502. 
Isopropylphenols hydrogenated. 1415, 2117A. 
Isopropylsemicarbazide, product, 2675. 
Isopulegol, hydrogenated, 2366. 

Isoquinoline, hydrogenated, 2770, 6343. 
Isorotenone, hydrogenated, 6348. 

Iso-safrol, hydrogenation rate, 1630A, 2370, 
2373. 

Isostilbene. product, 1554. 

Isostrychnine, hydrogenated, 2860. 
Isothujono, hydrogenated, 2448. 
Isovaleraldehyde, amine from, 2662. 

— , hydrogenated, 1659, 1660, 1661. 
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Isovaleraldoxime, hydrogenated, 2649. 

Iso valerate (ethyl), product, 1757. 

Isovaleric acid, product, 1661. 

Isovaleric alcohol, product, 1659, 1660. 

Isovaleronitrile, hydrogenated, 2610A. 

Isoxingiberene, hydrogenated, 2636. 

Itaconic acid, adsorption on platinum, 6306. 

— , hydrogenated, 1791. 

Japan wax, hydrogenated, 3076. 

Jellies, from palmitates and tetralin, 6353. 

Juniperic acid, product, 1544. 

Kaolin, carrier, 653. 

Keratin, used in making catalyst carrier, 952. 

Kerosene, hydrogenated, 4905, 4906, 4909, 
4932, 5010, 5012, 5132. 

— , treated by electrochemical action, 5132. 

Ketone synthesis, by reduction of carbon 
monoxide, 5467, 5555. 

Ketobu teny lnaphthalene, hydrogenated, 
1985. 

Ketocholanic acid, product, 3057. 

Ketocholenic acid, hydrogenated, 3057. 

Ketodecahydroquinoline, product, 2774. 

Ketodihydrodicyclopentadiene, hydrogen- 
ated. 1803. 

Ketomethylolbutyrolactone, dilactone from, 
hydrogenated, 1796. 

Ketone, from rosin, 4186. 

Ketones, added in petroleum hydrogenation, 
5024B. 

— , by carbon oxide reduction, 5540A, 5469. 

— , catalytic hydrogenation by methanol 
vapor, 1960. 

— , compound hydrogenation, 2692. 

— , condensation products with phenols, 
hydrogenated, 1850, 2377, 2377A. 

— , cyclic, relative reactivity in hydrogena- 
tion, 1973. 

— , effect of impurities on hydrogenation, 
1045, 1937. 

— , from lower alcohols, 5467B. 

— , hydrogenated, hydrocarlxms formed, 
1731. 

— , hydrogenation (catalytic) by formic acid, 
1940. 

— , hydroxymethylene derivatives, hydro- 
genated, 1945. 

Ketones and aldehydes, with hydrogen and 
ammonia, 2662. 

Ketone-phenol condensation products, direc- 
tive catalysts, 2128. 

— , hydrogenation of, 1850, 2125-2128, 2377, 
2377A. 

Ketone sulphoxylates, 1648A. 

Ketotetrahydronaphthalene carboxylic acid 
(ethyl ester), hydrogenated, 2216. 

Keto valeric acid, hydrogenated, 1703. 

Khakan fat, catalyst poison in, 3281. 

Kieselguhr, carrier, 650-660, 665, 1107, 
5416A. 


Kieselguhr, catalyst on, reduced at high tem- 
perature, 654. 

— , in oil filtration, 653, 1134. 
Kieselguhr-nickel catalyst, 650-660. 
Kieselguhr-palladium catalyst, 652. 

Kinetics of catalysed gas reactions, 344. 
Knowles cell. 6070-6083. 

Kurosame oil, hydrogenated, 3001. 

Kusum fat, hydrogenated, 6330. 

Lacquers, containing hexalin, 6307. 

Lactic acid, treatment to yield synthin, 
5465A. 

Lactone of hy droxy diphenyl -pen tenoic acid, 
189 IB. 

Laevulinic acid, hydrogenated, 1793. 

Lae vuloae, hydrogenated, 1749-1751. 
Lamp-black, from acetyleno, 5902-5904. 
Lard. 3244. 

Lard compounds, 3902-3906, 3909, 3910, 
3917, 3918, 3921-3923. 

— , chilling and whitening, 3964. 

— , stabilized, 3931, 3932, 3933. 

Lard substitutes, chill rolls, 3903-3905. 

— , from soya bean oil, 3926. 

— , hardened oils in, 3900-3958. 

— , methods of making, 3901-3903. 

— , relative stability, 3907. 

Lathering properties of soap, 4006, 4011, 4022- 
4028. 

Laurie acid, subjected to electric discharge, 
5106A. 

Laurie anhydride, hydrogenated, 6332. 

Lead, carrier, 938, 940. 

— , hydrosol, 902. 

— , influence on catalytic activity of plati- 
num, 670. 

— , molten, in petroleum hydrogenation, 
5010. 

— , precipitated by lower oxide of silicon. 
1144. 

— , promoter, 1788. 

Lead catalysts, compared, 1321. 

— , in berginization, 4522, 4528, 4937. 

— , in methanol synthesis, 5323B, 5324, 5337, 
5340, 5349, 5352, 5358. 

Lead hydride, produced with atomic hydro- 
gen, 6302. 

Lead tetraethyl, 1359. 

Leather industry, hydrogenated oils in. 4015- 
4020. 

Lecithin, hydrogenated, 3063, 3966. 
Leuco-beta-aminoanthraquinone, dimethyl 
ether of, product, 1993. 
Leuco-compounds of vat dyes, 2813, 2814. 
Lcuco-m&lachito green, product, 1866. 
Lichestearic acid lactone, hydrogenated, 
1780. 

Lignite, added to coal prior to hydrogenation, 
4627. 

— , controlled distillation of berginiiation 
products, 4637. 
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Lignite, extracted with tetralin, 4256, 4256A. 
— , hydrogenated, 4546. 

— , — , in presence of sodium bicarbonate, 
4427. 

— , — , with carbon monoxide, in presence of 
ammonia and pyridine, 4423. 

— , — , without added hydrogen, 4708. 

— , lignite-tar mixture berginixed, 4478. 

— , mineral oil mixture, hydrogenation of, 
4519. 

Lignite oils, desulphurized and hydrogen- 
ated, 4723. 

— , formation of phenols, 4828. 

Lime process, 5738-5759. 

— , rotary retort for, 5742, 5757. 

— , soda-lime method, 5749. 

— , temperature, 5739. 

— , use of catalysts, 5756. 

— , with alkalies, 5741. 

Limonene, hydrogenated, 806, 1630A, 2317- 
2319, 2320A, 2404. 

Limonene-diol, hydrogenated, 2361. 

Linalool, hydrogenated, 2362-2364. 

Linderan, hydrogenated, 3046. 

Linderene, hydrogenated, 3046. 

Linoleic acid, hydrogenated, 1773, 3335, 3407. 
— , hydrogenation of esters, 3220, 3221, 3228. 
— , hydrogen number, 3221. 

— , thiocyanogen number, 3221. 

Linoleic and linolenic acids, subjected to 
electric discharge, 5106B. 

Linolenic acid, hydrogenated, 3205, 3206, 
3331. 

— , hydrogenation of esters, 3220, 3221, 3228. 
Linolenic bromides, dehalogen ated, 3346. 
Linolic acid, hydrogenated, 3206, 3331. 
Linseed oil, hydrogenated, 3229, 3244, 3911, 
6329. 

— , — , analytical constants, 3404, 3407, 3414, 
3422. 

Linseed oil fatty acids, hydrogen value, 3216. 
liquefaction process, 5800-5838. 

— , application to coke-oven gas, 5827-5834. 
— , Cicali's modification, 5823, 5824. 

— , Claude processes, 5811-5821. 

— , heat exchange apparatus, 5817. 

— , Linde method, 5805-5809. 

— , principles, 5802. 

— , washing with liquid nitrogen, 5820, 5822. 
Litharge-glycerol cement, use, 5255. 

Litharge, reduoed, 6307. 

Lithium compounds, catalysts, 4521. 

— , promoters, 633. 

Lithobilienic acid, hydrogenated, 3059. 
Lophine, hydrogenated, 2788. 

Lower Silesian coal, bergmised, 4653. 

Low temperature catalysis, 801. 

Lubricating oils, addition of organic adds, 
4657B. 

— . by hydrogenation in presence of sulphur, 
6358. 

— , hydrofining, 4846-4854. 


Lubricating oils, hydrogenated and poly- 
merised oils in, 4022-4028. 

— , hydrogenated oils in, 4021-4031. 

— , improvement of quality, 4851. 

— , in internal combustion engines, 4848. 

— , made by electrical treatment of oils, 
5100-5107, 5118A, 5119. 

— , paraffin base, 4847-4849. 

— , production of, 4536, 4549, 4657, 4657A, 
4657B, 4975, 6358. 

— , viscosity index, 4846-4849. 

Lumbang oil, complete hydrogenation, 3349. 
Lupinane, product, 2787, 2822. 

Luteolin tetramethyl ether, hydrogenated, 
1840. 

Lutidine, hydrogenated, 2732. 

“Luxmasse,” catalyst, 4534B. 

Lycopin, hydrogenated, 3033. 

Lysalbinic acid (Paal), preparation, 904. 

Magnesia, carrier, 938-940, 947. 

Magnesium catalysts, in berginixation, 4521, 
4524, 4528, 4721, 4821. 

Magnesium compounds, as promoters, 633. 
Maize (corn) oil, 3280. 

Malachite green, hydrogenated, 1866. 

Maleic acid, adsorption on platinum, 6306, 
6308. 

— , hydrogenated, 1553, 6327. 

— , hydrogenated with decomposition, 1783. 
— , product, 1553. 

Maleic and fumaric acids, isomerism, 1419. 
Maleic anhydride, addition product, with 
butadiene, 2243. 

— , — , with cyclopentadiene, 2242. 

— , hydrogenated, 1785, 1892. 

Malonyl chlorides, attempts to reduce, 2916. 
Mandelic acids, hydrogenation, 1896, 2201 
Mandelonitrile, hydrogenated, 2612, 2636. 
Manganese catalysts, for oil hardening, 
3210. 

— , in berginixation, 4513, 4513A, 4536, 4819, 
4820, 4829, 4931. 4937, 4943. 

— , in methanol synthesis, 5273, 5276, 5323, 
5323B, 5333, 5340, 5345, 5347, 5350, 
5360, 5360 A, 5362. 

— , in production of hydrogen from hydro- 
carbons, 5955, 5963. 

Manganese compounds, as promoters, 633, 
854, 2128. 

Manganese ores, in steam-iron process, 5646. 
Mannitol, product, 1749-1752. 

Mannonic acid, hydrogenated, 1799. 

Marine oils, hydrogenated, 3317, 6328. 

— , lubricant from, hydrogenated, 4029. 
Matrine derivatives, 3040. 

Maxout (Groxni), berginixation of, 4460A. 
Mechanical subdivision of nickel, for cata- 
lyst, 1063-1067. 

Menhaden oil, 32821-3285, 3318. 

— , pretreated to remove catalyst poisons, 
556. 
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Menthane, product, 2311, 2318, 2320, 2320A, 
2326, 2331, 2382. 2384, 2418. 

— , see also Hexahydrocymene. 
Menthane-diol, product, 2361, 2376, 2418. 
Menthanone, product, 2417. 

Menthene, hydrogenated, 2320, 2320A. 
Menthcne-one, product, 2441, 2444. 
Menthene oxide, hydrogenated, 2384. 
Menthol, product, 2125, 2127, 2366, 2377, 
2379-2381, 2429, 2431, 2440, 6346, 
6356. 

Menthone, hydrogenated, 2380B— 2380D, 
2381, 2428-2431. 

— , product, 2380, 2659. 

Menthonooxime, hydrogenated, 2659. 
Menthone eemicarbaxone, hydrogenated, 
2677. 

Menthoylamine, product, 2659. 

Menthyl eemicarbaxide, product, 2677. 
Mercaptans, 4866. 

Mercuric chloride, catalyst poison, 567. 
Mercury, as adsorbent, 214. 

— , catalyst poison, 504, 571. 

— , excited atoms, reactions in presence of, 
368, 6323. 

Mesaconic acid, adsorption on platinum, 
6306. 

Mesaconic and citraconic acids, isomerism, 
1419. 

Mesitylone, hydrogenated, 2025, 2040. 
Mesityl oxide, hydrogenated, 1717, 1741- 
1746. 

Mesohemin, hydrogonation of, 2725. 

Meso porphyrin, hydrogenation of, 2726. 
Metacresol, hydrogenated, 2109. 

Metadioxy benzene (resorcinol), hydrogen- 
ated, 2129. 

Metahydroxy benzoic acid, hydrogenated, 
2207. 

Metal carbonyls, 1331-1365, 6314-6318. 
Metallic films, 6312. 

— , from carbonyls, 6316, 6318. 

Metallic hydroxide gels, preparation, 680. 
Metallic oxides, as carriers, 653. 

Metallic surfaces, combination of gases on, 
6305. 

Metallised gels, 667-680, 942, 943. 

— , adsorption of gas by, 669. 

— , reduction, 672-675. 

— , reduction by adsorbed hydrogen, 668. 
Metallising organic substances by cathods 
rays, 683. 

Metals, as carriers, 653, 938. 

— , catalytic, on non-metal promoter, 631- 
648. 

— , — , precipitated by chromous salts, 1314. 
— , reduced by hydrogen in silica gel, 668- 
671. 

Metal salts, effect on catalysts, 544. 

Metal sols, 1186. 

Metanicotine, hydrogenated, 2815. 

Methane, aromatic hydrocarbons from, 6323. 


Methane, by reduction of carbon monoxide, 
5302, 6400-5430. 

— , decomposed in arc, 5920. 

— , formed in methanol decomposition, 5256A. 
— , from carbon and hydrogen, 5202, 5203. 
— , from carbon monoxide, efficiency of cat- 
alysts, 5404. 

— , hydrocarbon syntheses from, 5420-5430. 
Methane, source of hydrogen, 5932. 

— , spark discharge on, 6323. 

— , thermal decomposition, 5901, 5914-5919. 
Methane synthesis, nickel catalyst, 5500. 
Methanol, catalytic hydrogenation of ketones 
by, 1960. 

Methanol decomposition, 5254, 5256A, 5266, 
5267, 5267A. 

— , apparatus for, 5254-5256A. 

— , efficiency of catalysts, 5264 D. 

Methanol, from alkyl formates, 1313, 5566, 
5571. 

— , fuel for internal combustion engines, 
5389-5391. 

— , import duty, 5300. 

— , large scale production, 5395. 

— , product (from formaldehyde), 1646, 
1646A. 

— , replaces hydrogen in hydrogenation of 
nitrobenzene, 2533. 

Methanol synthesis, 105, 681, 5300-5399. 

— , alkalies excluded in some cases, 5305. 

— , apparatus, 5378-5382. 

— , Casalo-Sacchi process, 5372, 5373. 

— , carbonyls removed from gas, 5304, 5306. 
— . catalysts, 4536, 5207, 5256A-5278, 6322- 
5373, 6361. 

— , — , adsorption studies, 5396A. 

— , — , bismuth, 5323B, 5337, 5338, 5352. 

— , — , cadmium, 5266, 5273, 5340, 5350, 
5355A-B, 5360, 5362. 

— , — , cerium, 5323, 5339, 5340, 5345, 5350, 
5358, 5360. 

— , — , charcoal, 5325. 

— , — , chromites, 5362. 

— , — , chromium compounds, 5256A, 5266- 
5277, 5333-5352, 5355 A, 5360-5365. 
— , — , cobalt, 6258, 6274, 5345, 5355A, 5360, 
6360A. 

— , — , copper, 1304-1310, 6263-5267, 6276- 
6278, 5333 -5355 A, 5360-536 5. 

— , — , from carbonyls, 5331. 

— , — , in dust form, 5341. 

— , — , iron, 6258, 5343-5345A. 5353, 5354, 
5355A, 5360, 5360A, 5362. 

— , — , lead, 5323B, 5324, 5337, 5340, 5349, 
5352, 5358. 

— , — , manganese, 5273, 5276, 5323, 5323B, 
5333, 5340, 5345, 5347, 5350, 5360, 
5360A, 5362. 

— , — . molybdenum. 5273, 5323, 5340, 5341, 
5345, 5350. 5352. 5358, 5360. 

— , — , nickel, 5258, 5335. 5340A, 5343. 5344, 
5355A, 5355B, 5360. 
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Methanol synthesis, catalysts, osmium, 5345. 
— , — , platinum-group metals, 5266, 5339, 
5345. 

— , — , silver, 5324, 5340, 5348, 5358, 5360, 
5362. 

— , — , sulphur, phosphorus and arsenic 
added, 5344. 

— , — , tantalum, 5340. 

— , — , thallium, 5360. 

— , — , tungsten, 5323. 5323B, 5336, 5340, 
5347, 5350, 5351, 5355A, 5358. 5360. 
— , — . uranium, 5323, 5336, 5340, 5350-5352, 
5358, 5358B, 5360. 

— , — , vanadium, 5266, 5323, 5323B, 5333, 
5336, 5340, 5347, 5350-5352, 5355A, 
5358, 5360. 

— , — , sine, 5256 A, 5258-5278, 5323-5365. 
— , — , sine oxido alone, 5260, 5310. 

— , circulating system, 5252, 5309. 

— , combined with carbide manufacture, 
5392. 

— , comparison of catalysts, 5264C, 5271, 
5273. 

— , composition of reactant gases, 5306. 

— , condensing system, 5251. 

— , conditions of operation, 5311-5321. 

— , continuous water-gas process, 5371. 

— , control panel, 5253. 

— , diffusion process, 5384. 

— , effect of space velocity, 5310, 6361. 

— , equilibrium constant, 53 13-532 IB. 

— , exclusion of metals of iron group, 5258, 
5304. 5333, 5340. 5393. 

— , experimental apparatus, 5238-5256 A. 

— , fermentation hydrogen used, 5394, 5394A, 
5394B. 

— , flow apparatus, 5250. 

— , gas circulation by injector, 5380. 

— , heat exchange, 5381, 5385. 

— , heat utilization, 5473, 5473A, 5473B. 

— , natural gas in, 5402. 

— , necessity of high pressures, 5215. 

— , non-carbonyl forming metals in appara- 
tus, 5220, 5222. 

— , possible r61e of zinc formate, 532 1C. 

— , practical deductions from equilibrium 
. constants, 5319. 

— , preheating reactant gases, 5388. 

— , preparation of catalysts, 5256A, 5261, 
5264, 5267. 

— , production of water-gas, 5725, 5726. 

— , purification of gases, 5304. 

— , reactant gases, 5305-5310. 

— , — , carbon dioxide content, 5306. 

— , — , diluted with inert gas, 5306, 5309. 

— , — , from coal-gas, etc., 5374. 

— . — » hydrogen-carbon monoxide ratio, 
5306. 5306 A, 5307. 

— , — , obtained from coke-oven gases, 5308. 
— , — , steam, 5377. 

— , reaction vessel wall protected by inert gas, 
5387. 


Methanol synthesis, references, 5396-5399 E. 
— , simultaneous formation of hydrocarbons, 
5427, 5428 

— , static or bomb apparatus, 5249. 

— , "suboxide” catalysts, 5352. 

— , temperature control by water injection, 
5383. 

— , use of inert gases, 5306, 5309. 

Methanol, yield from wood distilled under 
high pressure, 4508. 
Mcthocyclohexyl-amine, product, 2255. 

aniline, product, 2255. 

Methoxy-alphanaphthaldehyde, product, 
2919. 

alphanaphthoyl chloride, dchalogenated 

and hydrogenated, 2919. 

benzyl chlorides, dehalogenated and 

hydrogenated, 2929, 

butenylphenol, hydrogenated, 2351. 

— -cyclohexane, product, 2106, 2121, 2122. 

2138. 

— -cyclohexene, hydrogenated, 2138, 2851 A. 

— -diphenyldimethyltetrahydropyran, prod- 

uct. 1928. 

— -othoxy-nitrostyreno, hydrogenated, 2544. 
methylcyclopentonone, hydrogenated. 

2011. 

methylenedioxystyrylquinoline, hydro- 
genated. 2778A. 

phenylacetic acid, product, 1896. 

phenyl ethyl hexenyl ketone, hydrogenated. 

2450. 

phenylethylquinoline, product, 2778. 

propyl benzene, product, 1835, 1836. 

propylcyclohexane, product, 2348, 2350, 

2373. 

propyiphenol, product, 2349, 2350. 

styrylquinoline, hydrogenated, 2778. 

Methyl acetate, adsorption on mercury, 
214. 

M ethyl -ace toxime, hydrogenated, 2641. 

acetylacetone, hydrogenated, 1737. 

acetylenecarboxylic acid, hydrogenated, 

1551, 1552, 1553. 

Methyl alcohol, ace Methanol. 
Methylalphanaphthaquinoline, hydrogen- 
ated, 2776F. 

Methyl amine, from hydrocyanic acid, 102, 
700, 6339. 

— , in preparation of catalysts, 1143. 

— , product, 2500. 2508, 2509, 25 25. 2600- 
2602. 

Methylamino-acetophenone, hydrogenated, 
1971. 

aoetopyrocatechin, hydrogenated, 1971. 

acetyldihydroxy benzene, hydrogenated, 

3066. 

anthracene, product, 1990. 

— -ethyl phenyl ketone, hydrogenated, 3068. 
isopropylbenzene, product, 2548. 

phenylethyl alcohol, product, 1855. 

propiophenone, hydrogenated, 1971. 
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Methylaniline, from methylbenxylaniline, 
2649. 

— , hydrogenated, 2256. 

Methyianthracene, product, 1990, 2179. 

Methylanthranol, product, 2179. 

Methylanthraquinone, hydrogenated, 2178, 
2179, 2180, 2186. 

Methylan throne, product, 2180. 

Methylbetaphenylethyl carbamate, prod- 
uct, 1867. 

Methylbetapropylpiperidine, product, 2734. 

Methyl be nzisoxamol, hydrogenated, 2698. 

Methylbeniyl-acetamide, product, 2609. 

amine, product, 2613. 

aniline, methylaniline and toluene from, 

2649. 

butyramide, product, 2609. 

Methyl bensyl ketone, product, 2615. 

Methylbutylacraldehyde, product. 1666. 

Methylbutyl carbinol, product, 1714. 

Methyl butyl ketone, hydrogenated, 1714. 

Methyl butyronitrile, hydrogenated, 2606. 

Methyl camphor, product, 1945. 

Methylc&rbethoxyhydroxypiperidine, prod- 
uct, 2747. 

Methylcarbonato-dimethoxybenxoyl chlor- 
ide, dehalogenated and hydrogenated, 
2918. 

Methylcarbylamine, hydrogenated, 2686. 

Methyl cetoleate, hydrogenated, 1769, 3240. 

Methylchlorcyclohexane, product, 2925. 

Methyl clupanodonate, hydrogenated, 1769, 
3240. 

Methylconine, product, 2734. 

Methylcyclohexane, product, 1903, 1908, 
1953, 2017, 2025, 2031-2033, 2255, 
2262. 

Methylcyclohexanol (industrial), see Methyl 
hexalin. 

Methylcyclohexanol, product, 1953, 2108- 
2112, 2152. 

Methylcyclohexanone, enol form of para-, 
2118. 

— , hydrogenated, 1953. 

— , product, 1945, 2108-2110. 

Methylcydohexylcyclohexane, product, 2057, 
2141. 

Methylcyciohexyl-cyclohexanol, product, 
2140, 2148, 2149. 

Methylcyclohexylidene-cyclohexanol, hydro- 
genated, 2140, 2148, 2149. 

Methylcyclohexylidene-cyclobexene, hydro- 
genated, 2057, 2141. 

Methylcyclopentadecene, hydrogenated, 
2022 

Methylcyclopentane, product, 1801. 

Methylcydopentanol, product, 1801. 

Methylcyclopentanone. hydrogenated. 1801. 

Methylcyclopentenolone, hydrogenated, 2012. 

Methyl cyclopropane dicarboxylic acids, 
product*, 2004. 

Methylcyclopropene, hydrogenated, 2001. 


Methyldecahydroquinoline, 2767A. 
Methyldiethylacetoxime, hydrogenated. 2641. 
Methyldiethylpyrrolo carboxylic acid, prod- 
uct, 2721. 

Methyldihydrotheb&ine, hydrogenated, 2848. 
Methyldimethylpyrrolidinium chloride, prod- 
uct, 2731. 

Methyldiphenylmethane carboxylic acid, 
product, 2505. 

Methyldiphenylpyridine, product, 2759. 
Methyldodecahydrocarbaxole, product, 2277. 
Methylene-diketopiperaxine, hydrogenated, 
2683. 

— -dimethylpyrrolidinium chloride, hydro- 

genated, 2731. 

— -dioxyphenyl-nitrobutyrophenone, hydro- 

genation, 2572B. 

— -dioxytoluene, 2549. 
Methylenepapaverine, hydrogenated, 2846. 
Methyl erucate, hydrogenated, 1769, 3240. 
Me thylethy 1-acrolein, hydrogenated, 1675. 
amine, product, 2685. 

— -carbinol, product, 2691. 

cyclohexane, 2042, 2038. 

Methyl ethyl ketone, compound hydrogena- 
tion. 2691-2693. 

— , hydrogenated, 1645, 1708, 1709. 
Methylethylpropylmethane, 1621. 
Methylethylpropenal, hydrogenated, 1676. 
Methyl formate, formed in methanol decom- 
position, 5256A, 5264D, 5267A. 

— , hydrogenated, 1313, 1756. 

— , synthesis from methanol and carbon 
monoxide, 5567. 

Methylfuran-carboxylic acid, 2704. 
Methylfurane, 2700, 2701. 

Methylheptanone, 1725. 

Methylheptenols, hydrogenated, 1638, 2404. 
Methyl hexalin, 4324-4326. 

— , camphor substitute from, 4343. 

— , detection and determination in soaps, 
4331 A. 

— , homogeniser for solutions, 4308, 4309. 

— , properties, 4324. 

— , soaps with, 4325, 4333, 4338. 
Methylhexenone, hydrogenated, 1722. 
Methylhydroreeorcylic acid (ethyl ester), 
2934. 

Methylhydroxypropylpiperidine, product, 
2742. 

Methyliminoketodimethylethylidenooxdi- 
axine, hydrogenated, 1874. 
Methylindole, hydrogenated, 2805 A, 2805B, 
2806, 2806 A. 

Methylionones, color and odor improved by 
partial hydrogenation, 2355A. 
Methylisatin, hydrogenated, 2809. 

Methyl isoamyl ketone, product. 1948. 
Methylisobutylacraldehyde, hydrogenated, 
1665. 

Methylisobutyl-carbinol, from isopropyl alco- 
hol, 5467B. 



968 


SUBJECT INDEX 


Methylisobutyl-carbinol, product, 1741-1743, 
1745-1746. 

Methyl iaobutyl ketone, product, 1701, 1710, 
1717, 1741-1746. 

Methyl isobutyl ketone-oxalic acid (ethyl 
eater), product, 1740. 

Methyl isobutyl ketoxime, hydrogenated, 
2647. 

Methyliaopropyl-benxene (cymene), prod- 
uct, 2382. 

— -carbinol, product, 1710. 

cyclohexane, product, 2025, 2042. 

— -cyclohexanola, products, 2125. 

cyclopentane, product, 2410. 

— -cyclopentenone, hydrogenated, 2013. 

Methylisopropylenephenol, hydrogenated, 

2378. 

Methyl isopropyl ketone, hydrogenated, 1710. 

Methylisopropylphenol, product, 2378, see 
Thymol. 

Methyllupinine, hydrogenated, 2823. 

Methyl-methyl beniyLidenehy dan toin acetate, 
hydrogenated, 1871. 

Methyl-methylene-octenone, hydrogenated, 
2446. 

Methyl naphthyl ketones, hydrogenated, 
1986. 

Methyl nitrite, hydrogenated, 2500. 

Methylnitroisopropyl-bensene, hydrogen- 
ated, 2548. 

Methyl nonyl ketone, hydrogenated, 1729. 

Methyloctahydro-anthracene, product, 2178. 

anthraquinol, product, 2186. 

carbasole, product, 2277. 

indole, product, 2805A, 2805B. 

Methyloctenone, hydrogenated, 1720, 1727. 

Methyl oleate, hydrogenated, 1769, 3230, 
3231, 3239, 3240. 

Methyl palmitoleate, hydrogenated, 3242. 

Methyl paracresyl ketone, hydrogenated, 
1956. 

Methylpentanol, product, 1675. 

Methylpentenyl alcohol, product, 1676. 

Methyl pontanone, see also, Methyl iaobutyl 
ketone. 

— , product, 1716, 1717, 1741-1740 

Methylphenyl-butine-ol, hydrogenated, 1526, 
1539. 

Methyl phenyl-carbinol, product, 1905, 
2169. 

Methyl phenylethyl ether, product, 1932. 

Methylphenylpyrrolidine, product, 2572A. 

Methylphloroglucinol tri-methyl ether, prod- 
uct, 1841. 

Methylpiperidinee, 2746, 2751, 2752. 

Methyl-propyl-carbinol, 1712, 2700. 

Methyl propyl ketone, hydrogenated, 1645, 
1712. 

— , product, 2700. 

Methyl -propyl-octene, hydrogenated, 1027. 

Methylpyrrole, hydrogenated, 2718, 2719. 

Methylpyrrolidine, 2718, 2719. 


Methylquinoline, hydrogenated, non-cate- 
lytic, 4129. 

Methylsalicyl aldehyde, hydrogenated, 1922. 
Methylsaligenin, product, 1922. 
Methylsparteine, hydrogenated, 2822B, 2864. 
Methyistyryl carbamate, hydrogenated, 1867. 
Methylsuccinic acid, product, 1783, 1784. 
Methyl-fcrtiorp-butylethinenyl-carbinol, hy- 
drogenated, 1538. 

Methyl tetrahydro-anthranol, product, 2178, 
2179. 

— -carbasole, hydrogenated, 2277. 

indole, product, 2805 A, 2805 B. 

Methylthebainonemethine, hydrogenated, 
2852 

Methyltridecene-dicar boxy lie acid, hydro- 
genated, 1794. 

Methyl-trimethoxybensylidene amine, hy- 
drogenated, 1856. 

Methyl valeric aldehyde, product, 1676. 
Methylvanillin, hydrogenated, 1918. 

Methyl vanillyl alcohol, 1918. 

Methyl vouacapenate, hydrogenated, 6348. 
Methysticin, hydrogenated, 2383. 
Methystiool, hydrogenated, 2383. 

Mica, carrier, 653. 

“Mild” catalysts, 5416A. 

Mineral oils, desulphurisation, 4941-4947. 

— , electrical treatment of, 5127. 

— , hydrogenation of, 4800-5132, 6358-6360. 
— , — , see also Berginisation. 

— , — , agitation. 5005, 5007, 5010, 6360. 

— , — , atomisation, 5005, 5006, 5034, 5035. 
— , — , avoiding deposition of carbon, 4819. 
— , — , California crude, 4840-4844, 4860, 
4 902-4902 A. 

— , — , catalyst dust in suspension, 4827. 

— , — , coke formation suppressed, 4809. 

— , — , color and odor improved, 4855, 4870, 
4906. 

— , — , comparison with cracking. 4800, 4803- 
4 805 A. 

— , — , decarbonisation processes, 4928—4934. 
— , — , early proposal, 4829. 

— , — , effect of pressure, 4905. 

— , — , experiments in various gases, 5061. 

— , — , features of process, 4835. 

— , — , gas phase treatment, 4815. 

— , — , higher pressures, 4806. 

— , — , in presence of aldehydes and ketones, 
5024B. 

— , — , in presence of amides and amines, 
5024C, 6358. 

— , — , in presence of boron halides, 5028A. 
— , — , in presence of organic acids, 5024D. 

— , — , in presence of sodium cyanide, 5024, 
5024A. 

— , — , literature references, 5040-5050. 

— , — , multi-stage processes, 4966D, 4966E, 
6359 

— , — , olefines produced, 5036. 

— . — . polymerisation prevented, 4906. 
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lMineral oils, hydrogenation of, production 
costs, 4835. 

, — , refinery losses. 4833. 

— , — , resistance of olefines, 4909. 

— , — , use of lead bath, 5010. 

— , hydrogenolyais, low pressures, 4801 
— , purification by centrifugation, 5037C. 

— , simultaneous cracking and hydrogena- 
tion. 4949, 4955, 4956, 4956A, 4958. 
— , sludging prevented by hydrogenation, 
5029. 

— , treatment with acid dissolved in alcohol, 
5037A, 5037B. 

Mixed catalysts, platinum group, 615. 

Mixed ether, product of fission-hydrogena- 
tion of gu&i&col, 1632. 

Mobile equilibrium, in hydrogenation, 5212. 
Molten metal bath, in petroleum hydrogena- 
tion, 5001, 5010, 5016, 60 16 A. 
Molybdenum carbonyl, 1358, 6314. 

— , production of catalyst from, 5542, 5543. 
Molybdenum catalysts, for oil hardening, 
3210. 

— , in berginization, 4517-4538, 4546-4549, 
4814-4821, 4829, 4966E, 4975. 5022A. 
6358-6360. 

— , in methanol synthesis, 5273, 5323, 5340, 
5341, 5345, 5350, 5352, 5358, 5360. 

— , in production of hydrogen from hydro- 
carbons, 5945. 

Molybdenum, from carbonyl, 1358. 

Molybdic acid, as desulphurizer, 6358. 
Monochlorhydrins, formed from cracked 
gases. 5039A. 

Monochlorodihydrocodeine, product, 2833. 
Monohydrohemin, product, 2724. 
Monomethylenearyl amines, hydrogenated, 
1854. 

Monomolecular adsorbed layer, 214. 

Monox, carrier, 667, 674. 

Montan wax, hydrogenated, 3076. 

Morphine, hydrogenated, 2824, 2828, 2829, 
2831. 

Morphine derivatives, hydrogenated, 6344. 
Motor fuel, see aUo Anti-knock fuels. 

— , by carbon monoxide reduction, 5478, 
5479, 5540 A, 5551, 5564. 

— , nickel carbonyl as anti-knock, 1359, 6317. 
— , iron carbonyl as anti-knock, 1360, 6317. 
Muconic acid (methyl esters), hydrogenated, 
1790. 

Multipleta (active centers), 327B. 

Muskseed oil lactone, hydrogenated, 1545. 

Naphthalene, fission-hydrogenation of, 1820, 

4128. 

— .hydrogenation, 2066-2071, 3774, 4119- 

4129. 4532-4534, 4718, 4817A, 5570, 
6350-6353, 6360. 

— , — , apparatus, 4112A, 4113. 

— , — , in arc, 4718. 

— , — , variation with phase, 413. 


Naphthalene, hydrogenation, catalysts, 4113- 
4123 \ 

— , — , conditions of operation, 4112, 4124- 
4125. 

— , — , vapor phase operation, 4119, 4120. 

— , product, 2127. 

— , purification of, 4102-4111. 

— , — , catalyst poisons removed, 535, 536. 

— , — , fusion with alkaline metal, 4104, 4105, 
4110. 

— , — , fusion with metal, 4104, 4110. 

— , — , fusion with metal compound of non- 
acid radical, 4107, 4110. 

— , — , fusion with porous material, 4103, 
4110. 

— , — , in solution, 4109. 

— , — , in vapor phase, 4108. 

— , — , with chlorosulphoacetyl chloride, 41 1 1. 
— , separated by us© of tetralin, 4257. 

— , used for purification of berginixation 
products, 4636 

Naphthalic acids, hydrogenated, 2235. 
Naphthalic anhydrides, hydrogenated, 2236. 
Naphthalyl chloride, hydrogenated, 2936. 
Naphthenes, from decalin, 6352. 

Naphthenic acids, 4864. 

— , hydrolyzed, 6352. 

Naphthoic acids, hydrogenated, 2206, 2234. 
Naphthol, hydrogenated, 2160-2168, 4154. 
— , product, 2127. 

Naphtholcarboxylic acid, hydrogenated, 2215. 
Naphthol esters, hydrogenated, 6350. 
Naphthol ethers, hydrogenated, 2121A. 
Naphthonitriles, hydrogenated, 2505, 2663. 
Naphthostyril, hydrogenated, 2240. 

— , product, 2505. 

Naphthyl alkyl ketones, hydrogenated, 1986. 
Naphthylamine, hydrogenated, 2271, 2272, 
4127,4129. 

— , product, 2505, 2525, 2577-2579. 
Naphthyl ethyl ether, fission-hydrogenation 
of, 1632. 

Naphthylmethylamine, product, 2505. 
Naphthyl methyl ether, fission-hydrogena- 
tion of, 1632. 

Naphthyridine, product, 2937. 

Naringenin (2, 4, 6-trioxychaloone) , hydro- 
genated, 2432. 

Natural gas, source of carbon monoxide, 
5401. 

— , source of hydrogen, 5901, 5927-5929, 
5961. 

— , use in hydrogenation, 4958. 

Negative catalysis, 108. 

— , definition, 117. 

— , radiation theory of, 325. 

Negative catalysts, distinguished from cata- 
lyst poisons, 502, 503. 

— , stabilizing action, 387 
Neoisomenthol, hydrogenated, 2380C. 
Neopine, hydrogenated. 2842. 

— , product, 2380B, 2428, 2429. 
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Nervonic acid, hydrogenated, 1782. 
A'-ethyl-alphanaphthylamine, hydrogenated, 
4129. 

Ngaiol, hydrogenated, 2437, 2439. 

Ngaione, hydrogenated, 2436. 

Nickel, adsorption of hydrogen on, 6303. 

— , and hydrogen, effect on aerated petro- 
leum, 4902A. 

Nickel-asbestos catalyst, 661, 662, 4802 A. 
Nickel borate, catalyst raw material, 1026, 
1148-1160, 4523 A. 

Nickel boride, catalyst, 1100. 

Nickel carbide, catalyst, 1100, 4527A, 6411, 

6313. 

Nickel carbonate, commercial preparation, 
1115-1118. 

Nickel-carbon catalysts, 642-648. 

Nickel carbonyl, as anti-knock in motor fuels, 
1359. 

— , preparation, 1340A, 1346, 1348, 1349, 

6314, 6315, 6318. 

— , preservation of, 1344. 

— , properties, 1341-1345. 

— , thermal decomposition, 1173, 1347, 6949. 
Nickel, carbonyl test for, 1234-1236, 1239. 
— , carrier, 938. 

Nickel catalysts, 1000-1250, 6313. 

— , briquette form, 1105. 

— , comparison with noble metals, 802, 803. 
— , colloidal, 1056-1062. 

— , — , in toluene and benzene, 1060. 

— , cooled and preserved in waxy or fatty 
medium, 1111, 1121. 

— , crystalline, for low temperature work, 
1141. 

— , flaky form, 1068. 

— , for hydrogenation in liquid phase, 1106. 
— , for hydrogenation of nitro-compounds, 
2505 

— , for industrial hydrogenation, classifica- 
tion of methods, 1110. 

— , — , preparation, 1110. 

— , for union of oxygen and hydrogen, 357 
— , for low temperature operation, 1035, 
1141. 

— , from alloys, 1070, 1071. 

—.from carbonyl, 1173, 1331-1340, 1340A, 
1358, 5542, 5543. 

— , — , clarification difficulties, 1335. 

— , — , compared with others, 1332. 

— , — , hydrogenation of oils by, 1331-1337, 
1339-1340. 

— , from chloride, 1247. 

— , from cyanide, 1248. 

— , from formate, 1161-1167, 1174. 

— , gauze, 1050. 

— , in methanol synthesis, 5258, 5301, 5335, 
5340 A, 5343, 5344, 5355A, 5355B, 
5360. 

— , in hydrocarbon syntheses, 5408-5416. 

— , in production of hydrogen from hydro- 
carbons, 5945-5946, 5952-5963. 


Nickel catalysts, maintenance of activity, 
546A. 

— , massive metal, 1048-1056. 

— , — .mechanically subdivided, 1063-1067. 
— , on silica gel, for hydrogenating nitro- 
compounds, 2505. 

— , partial reduction advantageous, 1245. 

— , porous, from alloys, 1072. 

— , precipitated by lower oxide of silicon, 
1144. 

— , preparation, 1100-1188. 

— , — , organic bases used in, 1143. 

— , raw materials, 1038-1042. 

— , reduction by heat, 1161-1183. 

— , — , hypophosphite, 1175. 

— , reduction by heating in oil, 1184 
— , reduction by ignition with carbonaceous 
material. 1176-1183, 1205. 

— , reduction in situ, 5207. 

— , reduction temperature, 1003, 1015-1020. 
— , — , influence on catalytic activity, 1027- 
1032, 1034, 1035, 1043. 

— , — , lowered by alternate oxidation and 
reduction, 1014. 

— , salts of inorganic oxygen acids, 1100. 

— , sheet form, 1051-1053, 1055. 

— , stabilisation of, 1109, 1111, 1113, 1121. 

— , supposed deleterious effect of liquid on, 
1011, 1012. 

— , thin layer on conducting metal, 1069. 

— , wire form, 1051, 1053. 

— , with non-metal promoters, 634-647. 
Nickel chloride, not catalyst poison, 541. 
Nickel chromate, catalyst, 4523 A. 

— , catalyst raw material, 1026. 

Nickel, colorimetric determination, 3445. 

— , combination of gases on, 6305. 

Nickel compounds, carriers, 939. 

— , catalyst poisons, 526. 

— , promoters, 854. 

Nickel cubes, as catalyst raw material, 1038. 
Nickel dust, physiological action, 1 132. 
Nickel, exclusion from carbon monoxide- 
reduction apparatus, 5304. 

Nickel gauze, catalyst material, 1050. 

Nickel glycinate, catalyst raw material, 1026. 
Nickel hydride. 328. 329. 1100, 6312. 

Nickel, hydrosol, 902. 

Nickel hydroxide, commercial preparation, 
1115-1118. 

Nickel, in animal and vegetable tissues, 3447, 
6313. 

— , in crude petroleum, 4 902 A. 

— , in food, sources of, 3804-3807B. 

— , in hardened oils, 3801, 3802, 3808, 3809. 
6331. 

— , — , avoidance of, 3803. 

— , — , detection and estimation, 3436-3445, 
6331. 

Nickel iodide, interference of, with dehalo- 
genation, 2923. 

Nickel-kiesclguhr, catalyst, 650-660. 
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Nickel-lead alloy, catalyst from, 681. 
Nickel-magnesia catalyst, 1105. 
Nickel-magnesium alloy, catalyst from, 681. 
Nickel manganate, catalyst raw material, 
1026. 

Nickel molybdate, catalyst raw material, 
1026. 

Nickel oxide, catalyst raw material, 1026. 

— , controversy, 1200-1250. 

— , kinetics of reduction, 1022, 1023, 1024. 
— , produced electrolytically, 1052-1055. 

— , promoter action of, 1202. 

— , reduction of, an interface phenomenon, 
1031. 

Nickel plated stirrers, 4966B, 6359. 

Nickel, permeability to hydrogen, 5224. 

— , pyrophoric, 1033, 1036. 

— . rapid determination of. 1185. 
Nickel-silica catalyst, 673-677. 

Nickel silicate, catalyst raw material, 1026. 
Nickel tungstate, catalyst raw material, 1026. 
Nickel tyrosinate, catalyst raw material, 
1026. 

Nickel, value as hydrogenation catalyst, 700. 
Nickel wool, catalyst raw material, 1049. 
Nicotine, hydrogenated, 6344. 

Nicotinic acid, hydrogenated, 2762, 2763. 
Niobium compounds, as promoters, 633. 
Nitric acid, as catalyst poison, 6304. 
Nitrides, metallic, as catalysts, 4546, 4824. 
Nitriles and oximes, Hartung's method of 
hydrogenation of, 2633. 

— , hydrogenated, 2600-2699, 6339. 

Nitriles, hydrogenation of, influence of sol- 
vent, 2614B. 

Ni trace tophenone, hydrogenated, 2565. 
Nitraniline, hydrogenated, 2507 A, 2561. 

— , product, 2555. 

Nitro-alcohols (aliphatic), reduction to hy- 
droxylamines, 2510-251 1G. 
Nitro-aminoanthraquinone, exchange hydro- 
genation, 2583. 

Nitro-aminophenol, product, 2563. 
Nitro-aminotetrahydronaphthalene, product, 
2556. 

Nitro-aminotetralin, product, 2556. 
Nitroaniaolo, hydrogenated, 1320, 2506, 2516, 
3774. 

Nitroantipyrine, hydrogenated, 2 7 90 A. 
Nitrobenxal-acetono, hydrogenated, 2515C. 

acetophenone, hydrogenated, 2515A. 

Nitrobenzene, hydrogenated, 700, 1144, 

1318-1321, 2506, 2516, 2524-2539, 
3774, 5358B. 

— , — , at high temperature, with fission, 
2527, 2527 A. 

— , — , by carbon monoxide and steam, 2518. 
— , — , directive poisoning, 531. 

— , — , in presence of ammonia and hydrogen 
sulphide, 2522. 

— , — , in presence of benzaldehyde and of 
piperonal, 2539. 


Nitrobenzene, hydrogenated, to azobenzeno, 
2538. 

— , — , with special catalyst, 2524. 

— , product, 2507. 

Nitrobenzene sulphonic acid, hydrogenated. 
257 A. 

Nitrobenzoic acid derivatives, hydrogenated, 
2516, 2568-2571. 

Nitrobenzol, see Nitrobenzene. 

Nitrobonzoylsalicylio acid, hydrogenated, 
2505. 

N itro benzyl-ace tone, hydrogenated, 2515D. 

acetophenone, hydrogenated, 2515B. 

Nitrobenzylidenecyanoacetate (ethyl ester), 
hydrogenated, 2628. 

Nitro- bodies, hydrogenated, 1316, 1318, 

1319, 6338. 

Nitrobutanol. reduced to hydroxylaminobu- 
tanol, 2510, 251 1C. 

Nitrocinnamic acid, hydrogenated, 2516, 
2774. 

Nitro-compounds, conditions of hydrogena- 
tion with tin catalyst, 2506. 

— , reduced by carbon monoxido-containing 
gases, 2526. 

— , sulphides in reduction of, 2520-2523. 

Nitro-compounds (aromatic), continuous 
high pressure reduction, 2579. 

— , influence of solvents, etc., on rate of 
reduction, 2516. 

— , hydrogenated with special catalyst, 2524. 

Nitrocymcno, hydrogenated, 2548. 

Nitrodecahydronaphthalene, 4147. 

Nitroditolyl ketone, hydrogenated, 2505. 

Nitroethanc, hydrogenated, 2512, 2513. 

Nitroethylbenzoate, hydrogenated, 859. 

Nitrogen, compressibility isotherms, 5399A. 

— , properties at high pressure, 5216. 

Nitrogen-compounds, as catalysts, 4515, 
4516, 4517, 4824. 

— , in coke-oven gas, 5830, 5835, 5835 A. 

Nitrogen linkages, hydrogenation at, 2500- 
2699, 6343. 

Nitrogenolysis, 4871. 

Nitroisatin, hydrogenated, 2808. 

Nitroisatinphenylhydroxylamine, hydrogen- 
ated, 2808. 

Nitroisopropy I benzene, hydrogenated, 1415, 
2547. 

Nitroketones, hydrogenation of, 2572. 

Nitrome thane, hydrogenated, 2508, 2509, 
2525. 

— , reduced to hydroxylaminomethano ox- 
alate, 2510, 2511 A. 

Nitromethylnaphthylamine, product, 2557, 
2558. 

Nitronaphthalene, hydrogenated, 1144, 2516, 
2525, 2537, 2577-2579. 

Nitronaphthalene nitrile, hydrogen a tod, 
2627. 

Nitronaphthoic acid, hydrogenated, 2505. 

Nitronaphthylamine, product, 2555. 
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Nitro-octanol, reduced to hydroxylamino- 
oct&nol, 2510, 251 1G. 

Nitropentanol, reduced, 2510, 251 ID, 251 IE. 
Nitrophenetole, hydrogenated, 2516. 
Nitrophenols, hydrogenated, 1905, 2507A, 
2537, 2550, 2552. 

Nitrophenyl-ace to nitrile, hydrogenated, 2505, 
2626. 

— -ethyl chloride, hydrogenated, 2545. 

pentanone, hydrogenated, 2572A. 

Nitropropanol, reduced, 2510, 251 IB. 
Nitropyridine, hydrogenated, 2525. 

Ni tropy romucic acid, hydrogenated, 2704. 
Nitropyruvic ureide, hydrogenated, 2514. 
Nitrosoamines, hydrogenated, 6342. 

N itroso-com pounds, hydrogenated, 2602. 
Nitro so naphthol, hydrogenated, 2580. 
Nitroaonaphtholaulphonate (sodium), hydro- 
genated, 2581. 

Nitrosoterpenes, hydrogenated, 2554. 
Nitro8tilbeno, hydrogenated, 2573. 
Nitrostyrene, hydrogenated, 1403, 2543, 
2544. 

Nitrostyryl methyl ketone, hydrogenated, 
2516. 

Nitro toluene, hydrogenated, 1320, 2506, 

2516, 2524, 2525, 2537, 2540, 2541. 
Nitro toluidine, product, 2557. 

Nitrotolyl sulphoalphanaphthyl ketone, hy- 
drogenated, 2505. 

Nitroxylene, hydrogenated, 2524. 

Noble metal catalysts, comparison with 
nickel, 802, 803. 

— , non-col loidal, 800-881. 

— , on carriers, 937-958. 

Nonane, product, 1624. 

Nonane-diol, product, 2707. 

Non-edible products, hydrogenated oils in, 
4000-4039. 

Nonene, hydrogenated, 1624. 

Non-metal catalysts, 1326-1328. 

Non-metal lie promoters, 631-648. 
Non-nuclear hydrogenation of carbocylic 
compounds, 1800-1896. 

Non-sludging oils, by hydrogenation, 5029. 
Nonylic acid, product, 1562. 

Nopinene, hydrogenated, 6308. 
Norcyanthebenine, hydrogenated, 2857. 

Oat oil, 3337. 

Ocimene, hydrogenated, 2321. 

Octadecenic acid, 1778. 

Octadecyl alcohol, in oils, 3466. 

— , product, 1643. 

Octadiene-dioic acid, hydrogenated, 1543. 
Octadine-diol, hydrogenated, 1530, 1535. 
Octahydro-anthracene, product, 1994, 2083- 
2085. 

an thranol, product, 1988, 1989,2181,2185. 

anthraquinone, 2185. 

azulenes, product, 2301, 2302, 2303. 

chamasulene, product, 2302. 


Octahydro-guaiasulene. product, 2303. 

indene, product, 5201. 

— -indole, product, 2801, 2802, 2805. 

phenanthrene, product, 2075-2077, 2182, 

4174. 

phenanthrol, product, 2182. 

Octalin, 6352. 

Octane, in synthin, 5535, 5535A. 

— , product, 1623. 

Octane-diol, product, 1530, 1535. 

Octane, hydrogenated, 1623. 

Octyl alcohol, product, 1530, 1535. 
Octyl-bensene, hydrogenated, 2046. 

— -cyclohexane, product, 2046. 
Oenanthaldehyde, hydrogenated, 1664. 
Oenanthylidene, hydrogenated, 1517. 
Oenanthylidene-acetio acid, hydrogenated, 

1562. 

Oil hardening, catalyst poisons in, 537-561. 
— , hydrogen problem in, 5600-5609. 

— , oil catalyst mixture emulsified, 3615. 

— , preliminary refining, 3612. 

— , regulating supply and discharge of oil. 
3614. 

— , water-gas used, 3616, 5608. 

Oil hardening plant, 3500-3616. 

— , All bright system, 3581. 

— , Bedford and Williams system, 3541-3543. 
— , Bolton and Lush process, Bee Bolton and 
Lush plant. 

— , catalyst activity maintained electrically, 
3611. 

— , continuous purification of hydrogen, 3530. 
— , de Kadt system, 3536-3538. 

— , fixed catalyst type, 3518-3523, 35S7- 
3592, 3600, 3606-3610. 

— , — , high catalyst ratio, 3600. 

— , — , Moore system, 3518-3522. 

— , — , Ney system, 3590. 

— , — , ultraviolet irradiation, 3607-3610. 

— , gas divided by porous diaphragm, 3517- 
3522. 

— , hydrogen preheated, 3514. 

— , industrial practice. Bee Industrial oil- 
hardening practioe. 

— , Kayser system, 3583. 

— , Max ted system, 3548. 

— , mechanical agitation, 3570-3596. 

— , oil circulation, 3539-3569. 

— , oil sprayed by hydrogen, 3518-3523, 
3541-3547, 3554-3561. 

— , oil with solvent, 3601-3605. 

— , operation under reduced pressure, 3528. 
— , suspended catalyst type, 3500-3517, 
3524-3587. 

— , — , agitator and baffles, 3500-3517, 3524- 
3587. 

— , — , combined spraying and bubbling, 
3563. 

— , — , David system, 3534. 

— , — , double circulation (gas and oil), 3553- 
3569. 
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Oil hardening pi ant, ’suspended catalyst type, 
Humphrey’s system, 3550. 

— , — , Kawase tower, 3551. 

— , — , McElroy system, 3532, 3533. 

— , — , MacDougall Bystom, 3524, 3525. 

— , — , Martin system, 3553. 

— , — , separation and retention of catalyst, 
3513. 

— , Teetrup system, 3554-3556. 

— , Wilbusche witch systems, 3554, 3557- 
3562. 

Oils (fatty), berginixed, 4454-4455. 

— , electrical methods of hydrogenating, tee 
Electrical treatment of oils. 

— , hydrogenation, see aUo Cottonseed oil. 

— , hydrogenated, 3100-4042, 6328-6331. 

— , — , color reactions, 3467-3475B. 

— , — , detection and estimation, 3435-3478. 
— , — , edibility of, see Edibility of hardened 
oils. 

— , — , introductory and historical, 3100- 
3118. 

— , — , palladium catalysts, 3243, 3244. 

— , — , phytosterol acetate test, 3461-3463. 
— , — , pulverulent product from, 4031. 

— , — , turbidity test, 3477. 

— , — , unsaponifiable matter, 3460-3466. 

— , — . water-holding capacity of. 4014. 

— , — , with water-gas, 3286, 5608. 

— , pretreatment to remove catalyst poisons, 
546-559 A, 562-566. 

— , production of voltols, 5107. 

— , Quantity of hydrogen required for satura- 
tion, 5600. 

— , reactions in hydrogenation of, 5602. 

— , selective hydrogenation, 3314-3320. 

— , velocity of hydrogenation, 3348. 

Oils (mineral), electrical methods of hydro- 
genating, see Electrical treatment 
of oils. 

Oil tar, conversion to light oil, 5021 A. 
Olefines, by hydrogenation, rubber-like 
compounds, 4663, 4664. 

— , by synthin processes, 5517-5529, 5535. 

— . condensation with hydrocarbons, 6352. 

— , hydrogenated with Adams’ catalyst, 
1630, 1630 A. 

— , produced, 5036. 

— . resistance to hydrogenation, 4909. 

Oleic acid, alleged hydrogenation by nascent 
hydrogen, 3107. 

— , chlorination followed by dechlorination, 
3105-3106. 

— , considered mother substance of petro- 
leum, 5050. 

— .electrolytic hydrogenation, 3109, 3110, 
3114-3117. 

— , formation of iso-oleic acid, 3311. 

— , hydrogenated, 1547, 3108, 3331. 3345, 
4032. 

— , — , analytical constants, 3203, 3216, 3407. 
— . — , by electric discharge, 3111-3113. 


Oloic acid, hydrogenated, by hydriodic acid, 
3104. 

— , — , by totralin, 6320, 6352. 

— , — , with hydrogen at high pressures, 
3108A. 

— , — , with activated hydrogen, 3287. 

— , mixed with lubricating oils, 4657A. 

— , polymerization by atomic hydrogen, 
6302. 

— , purified by distillation, 566. 

— , subjected to electric discharge, 5106B, 
51060, 5124. 

Oleic and elaidic acids, isomerism, 1419. 

Oleic alcohol, hydrogenated, 1643. 

Oleic esters, hydrogenated, 1764-1771, 3221- 
3241, 4032. 

Olein, hydrogenated, 3345. 

— , converted into stearin by brush discharge, 
5100. 

Olive oil, detection of rape oil in, 3456, 3457. 
— , hydrogenated, 3244. 

— , — , analytical constants, 3406B. 
Omega-aldchydo acids, hydrogenated, 1798. 

amino hydrocyclic compounds, 2631 A. 

— -hydroxy aliphatic acids, 1798. 

Organic acids, added in petroleum hydrogen- 
ation, 5024 D. 

Organo-metallic catalysts. 1 100. 1363. 

Organ o-metallic compounds, decomposition, 
6323. 

Organosols, platinum group, 925-932, 934. 
Orientation, by catalysts, 4464. 

— , cause of catalytic selectivity, 317, 317A. 
— , rate of hydrogen adsorption and, 385. 

— , unfavorable, effect of. 317. 

Orsellinic acid (ethyl ester), product, 2934. 
Ortho- and para-hydrogen, 6300. 

Osmium, catalyst, 881, 1646, 2253, 2768, 
6306, 6309. 

— , colloidal catalysts, 922-924. 

— , on carriers, 947. 

— , organosol, 929, 930. 

— , precipitated by lower oxide of silicon, 
1144. 

Osmium tetroxide, 881. 

Osmium, zeolite catalyst, 957. 

Oxalic acid, purification of synthol, 5464. 
Oxdiazines, 1874. 

Oxidation, effect on nickel catalyst, 1003. 

— , of petroleum, 5043. 

— , products, purified by hydrogenation, 
5038. 

Oxidized oils, hydrogenation of, 3339. 
Oximes, action of copper on, 2639, 2653- 
2653 F. 

— , hydrogenated, 2600, 2632-2633, 2641, 
6340. 

Oxybinaphthalene oxide, product, 1851. 
Oxydiphenylene-acrylic acid, hydrogenated, 
1886. 

Oxydiphenyieno-propionic acid (methyl 
ester), product, 1886. 
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Oxygen, adsorption of, by metallized gels, 
009. 

— , not essential to nickel catalyst, 1046. 

— , r61o in catalytic hydrogenation, 804, 820. 
Oxygen and hydrogen, combination on nickel 
catalyst, 357, 6305. 

Oxygenated organic compounds, see also 
Synthol. 

— , produced, 5309, 532 1C. 
Oxygen-containing organic compounds, fis- 
sion-hydrogenation of. 1821. 
Oxyscrolene, hydrogenated, 2865. 

Oxythymol, hydrogenated, 2379. 
Ozodihydrocodeine, hydrogenated, 2843. 
Ozokerite, hydrogenation of, 4814, 4824. 

Paint vehicle, mineral oil, 5039. 

Palladium, charged with hydrogen, reduces 
nitro-compounds, 2530, 2552. 

— , colloidal, inhibited by absence of water, 
933. 

— , organosol, 925, 926, 927. 

— , precipitated by lower oxide of silicon, 
1144. 

— , reduced by hydrogen in silica-gel, 668- 
671, 6310. 

Palladium catalysts, 800-803, 865-880, 1002, 
3243, 3244. 

— , Adams’, 856, 878. 

— , carriers, influence of, 937, 938, 939. 

— , industrial use of, 880, 958. 

— , in hydrogenation of petroleum, 4829, 
5000, 5004. 

— , Paal’s, 867-872. 

— , sensitivity to poisons, 866. 

— , Skita’s, 873. 

— , special advantages of, 865, 866. 
Palladium-charcoal, catalyst, 946. 

Palladium hydride, 353, 382. 
Palladium-kieselguhr, catalyst, 652. 
Palladium oxide catalyst, 830-847. 
Palladized asbestos, stability of, 686. 
Palmitic acid, as mother sul>stance of petro- 
leum. 5050. 

— , subjected to electric discharge, 5106A. 
Palmitoleic acid, 3242. 

Palm oil, 3404, 3934. 

Paprika, coloring matter of, 3029. 
Parabituminous coals, berginized, 4441, 4442. 
Paraffin base oils, 4847. 

Paraffin hydrocarbons, from beeswax, 5051. 
Paraffin oil, action of electric discharge on, 
5108A. 

— , hydrogenation of, 4928. 

Paraffin wax, attempt to hydrogenate with 
carbon monoxide, 4459. 

— , berginized, 4456-4460. 

— , comparison of berginization and cracking, 
4459A. 

— , hydrogenation of, 4955. 

— , purification, 6358. 

Paraminoothyl benzoate, product, 859. 


Paraminophonol, product, 1905. 
Parahydroxytetraphenylmethane, hydrogen- 
ated, 2062. 

Paramothylethylbenxene, product. 1956. 
Paranitraniline, hydrogenated, 1905. 
Paranitroethyl benzoate, hydrogenated, 859. 
Paraphenylenediamine. product, 1905. 
Paraxyloquinone, hydrogenated, 1843. 
Particle size and catalytic activity, 1311, 
6309. 

Peanut oil, 3244, 3404, 3409-3413. 6330. 
Peat, added to coal prior to hydrogenation, 
4627. 

— , hydrocarbons from, 5501. 

— , hydrogenation, 4417, 4725. 

Pellitorine, hydrogenated, 6348. 
Pentacarbonyl, iron, 6314-6318. 
Pentachlorethane, hydrogenated, 6323. 
Pentadecylbenzene, hydrogenated. 2047. 
Pentadecylcyclohexano, product, 2047. 
Penta-cyciic compounds, non-nuclear hydro- 
genation of, 1800-1804. 

Pentolone, 1737. 

Pentamethoxyflavone, hydrogenated, 1840. 
Pentamine cobaltic chloride, as catalyst in 
berginization, 4518A. 

Pentane, product, 1614, 1616, 1645. 
Pentane-diol. product, 1714, 1738, 1739, 2703. 
Pentanol, product, 1636, 2700. 
Pentatriacontanone, hydrogenated. 1730. 
Pentatriacontene, hydrogenated, 1629. 
Pentene carboxylic acid, product, 1541. 
Pentenoic acid, product, 1420. 

Pentenol, hydrogenated, 1636. 

Pentine carboxylic acid, hydrogenated. 1541. 
Pentinenoic acid, hydrogenated, 1420. 

Pepper substitutes, 2664. 

Peptides, 1872. 

Perfumes, color and odor improved by par- 
tial hydrogenation. 2355A. 
Perhydro-anthracene, product, 2083, 2084. 

atophan, product 2785. 

bixin, 3034A, 6348. 

— -capsanthin. product, 3029. 

— -carotin, product, 3030, 3031. 

hemin, product, 2724B. 

— -indole, 2802. 2803. 

phenyl fluorene, product, 2155. 

rotenonone, product, 3052. 

xanthophyll, product, 3034. 

Periplogenin, hydrogenated, 3069. 
Pemitroso-kotocineol, 2425. 

Petroleum, early hydrogenation process, 
4829. 

— , cracking with submerged heated bodies, 
4954. 

— , hydrocarbonization of, commercial devel- 
opment. 4467A. 

— , desulphurization, 4941 -4946 D. 

— , hydrogenation of, see also Mineral ofl* 
and Berginization. 

— , — , Clark’s process, 4966 A. 
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Petroleum, hydrogenation of, with carbon 
monoxide and water, 4417. 

— , possible origin of, 4828, 6050. 

— , purification by hydrogenation, 4873. 

— , purification of vapors over nickel, 6020. 
Pharmacy, hydrogenated oils in, 4040. 

Phase, effect on products of hydrogenation, 
413. 

Phellandrene, hydrogenated, 2320A. 
Phenacetaldehyde dimethylacetal, hydrogen- 
ated, 1632. 

Phenacetaldehyde dipropyl acetal, hydrogen- 
ated, 1933. 

Phenacylmethylamine, hydrogenated, 1855. 
Phenacyl phenyl propionic acid, product, 2231, 
2232. 

Phenanthraquinol, product, 2182. 
Phenanthraquinone, hydrogenation of, 2182, 
2184. 

Phenanthrene, condensation with olefines, 
6352. 

— , hydrogenated, 2075-2082, 4174, 4291. 
Phenanthrol, product, 2182. 

Phenetol, hydrogenated, 1632, 2139. 

Phenol, paro-aminophenol from, 2553. 

— , product. 1632, 1837, 1839, 2128, 2151- 
2153, 2156. 

— , "solvent” in berginixation, 4438, 4439, 
4441, 4442, 4445. 

Phenol ethers, hydrogenated, 2121 A. 
Phenol-ketone condensation products, hydro- 
genated, 1850, 2377, 2377A. 

Phenols, conversion to lower homologs, 
4725. 

— , from lignite oils, 4828. 

— , from tar, increased content by hydrogena- 
tion, 4473. 

— , hydrogenated, 415, 681, 1819, 1824, 1905, 
2100-2105, 2264, 3774, 6356, 6357. 

— , hydrogenated without added catalyst, 
1822, 1823. 

— , hydrogenation to enol forms, 2118-2120. 
Phenylacetaldehyde acetala, hydrogenated, 
1934. 

Phenylacetaldehyde, hydrogenated, 1913. 
Phenylacetal dimine, product, 2614. 
Phenylacetaldoxime, product, 2544. 
Phenylacetamide, product, 2653 D. 
Phenylacetenylbomeol, hydrogenated, 2345. 
Phenylacetic acid, hydrogenated, 2025, 2201, 
2206, 2220. 

— , product, 1877, 1896, 2201, 2653D. 
Phenylacetonitrile, hydrogenated, 2505, 2602, 
2609, 2614, 2614C. 

— , product, 2653 D. 

Phenylacetylene, hydrogenated, 1518-1520. 
Phenylacetylenol, hydrogenated, 1420, 1542. 
Phenylalanine, product, 2688. 
Phenylaminomethyl carbinol, product, 1971. 
Phenylamylaminobutyric acid, product, 1862. 
Phenylamylaminopentene carboxylic acid, 
1865. 


Phenylbensoylpropionitrile, hydrogenated, 
2621. 

Phenylbenzylcyanobutyrio acid, hydrogen- 
ated, 2628. 

Phenylbenzylhydroxylamine, product, 2539. 
Phenylbutane-diol, product, 1935, 1936. 
Phenylbutylamine, product, 2505. 

Phenyl butyl ether, product, 1844. 
Phenylcamphor, product, 2939. 
Phenylcarbamylhydrazone, product, 2699. 
Phenylchlorocamphor, dehalogenated, 2939. 
Phenylcinchoninic acid, hydrogenated, 2785. 
Phenylcresyl carbinol, hydrogenated, 1846. 
Phcnylcresylmethane, product, 1846. 

Phenyl crotyl ether, hydrogenated, 1844. 
Phenylcyclohexane, product, 2053. 
Phenylcyclohexene, hydrogenated, 2053. 
Phony Icy clohcxylamino butyric acid, hydro- 
genated, 1861. 

Phenylcyclohexylme thane, product, 2061. 
Phenyldicyclohexylme thane, product, 2159. 
Phenyldihydroindole, product, 2810. 
Phenyldimethyl triazole, product, 2914. 
Phenyl-di (phenyl methyl)-dihydroindene, 
product, 2060. 

Phenylene-acetic-propionic, acid, hydrogen- 
ated, 2221. 

Phenylenediamine, product, 2505, 2559, 
2561. 

Phenylethylacetamido, 2609. 
Phcnylethylamine, decomposed, 2638. 

— , hydrogenated, 2261. 

— , product, 2505, 2602, 2614C, 2633, 2636, 
2637, 2640E. 

Phenylethylaminobutyric acid, product, 1859. 
Phenylethyl alcohol, hydrogenated, 1831. 

— , product, 1913. 

Phenyl ethyl ketone, hydrogenated, 1941. 
Phenylethyldimethyl carbinol, product, 1539. 
Phenylethyiene, hydrogenated, 1630A, 2036. 
— , product, 1519. 

Phenylethyl ethyl ether, product, 2137. 
Phenylethyl propyl ether, product, 1933. 
Phenylfluorenyl alcohol, hydrogenated, 2155. 
Phenylglycine carboxylic acid, hydrogenated, 
2239. 

Phenylhydrazine, action on fata and fatty 
acids, 3336. 

— , hydrogenated, 2273. 

Phenyl hydroxy-propyl ketone, product, 
1935. 

Phenyliminoe thane, product, 2614. 
Phenylindole, hydrogenated, 2810. 
Phenylisocrotonic acid (ethyl eBter), hydro- 
genated, 1883. 

Phenyliaocyanate. hydrogenated. 2687. 
Phenylmethylaminomethyl carbinol, prod- 
uct, 1971. 

Phenylmothylbutinool, hydrogenated, 1539. 
Phenyimethyl carbinol, hydrogenated, 1831, 
2505. 

— , product, 1936, 2505. 
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Phenyl - mothylenedioryphenyl - pyrrolidine, 
product, 2572B. 

Phenylmethylquinoiine, hydrogenated, 
2776A. 

Phenylmethyltetrahydroquinoline, product, 
2776A. 

Phenylmethyl-triazolo, product, 2914. 
Phenylmcthyltrimethylene glycol, 1935, 1936. 
Phenylnitrobutyrophenone, product, 2576. 
Phenylnitroethylene, hydrogenation of, 1403. 
Phenyl-AT-nitrone, product, 2539. 
Phenylnitrostyryl methyl ketone, hydro- 
genated, 2516. 

Phenyl nitrotolyl ketone, hydrogenated, 
2505. 

Phenylpropane, product, 2657. 
Phenylpropanolamine, product, 2696. 
Phenylpropargylaldehyde diethylacetal, hy- 
drogenated, 1557. 

Phenylpropargylidene, hydrogenated, 1560. 
Phenyl propiolic acid, hydrogenated, 1548- 
1554. 

Phenyl propiolic alcohol, hydrogenated, 6333. 
Phenylpropionaldehyde, product, 1910. 
Phenylpropionic acid, hydrogenated, 2025. 
— . product, 1878-1882, 2902A. 
Phenylpropionitrile, 2505. 
Phenylpropionylpyruvate (ethyl), product, 
1895. 

Phenyl propyl alcohol, product, 1911. 
Phenylpropylcyclohexylamine, product, 1858. 
Phenyl propylene, product, 2657. 
Phcnylpropylethylamine, product, 1860. 
Phenylpropylhydrindone, product, 2812A. 
Phenylpropylparaphenetidine, product, 2695. 
Phenylpropyl pentane, product, 1806. 
Phenylpropylpentene, hydrogenated, 1806. 
Phcnylpyrone, hydrogenated, 2699. 

Phenyl pyroracemic acid, hydrogenated, 2688. 
Phenylquinoline, hydrogenated, 2785A. 
Phenylquinoline carboxylic acid, hydro- 
genated, 2732. 

Phenyltotrahydroquinoline, product, 2785A. 
Phenyl tolylpropionic acid, product, 1882A. 
Phloretin, product, 2432. 

Phloroglucinol, hydrogenated, 6356. 

Phorone, hydrogenated, 410, 1732-1736. 
Phosphorus, catalyst poison, 539-540. 
Phosphorus and hydriodic acid, in coal hy- 
drogonation, 4405, 4406. 

Phosphorus compounds, removed from water- 
gas. 5633. 

Phosphorus process, 5610, 6760-5778. 

— , catalyst regeneration, 5767. 

— , catalysts for, 5765-6771, 6774, 6776. 

— , exploitation, 6768. 

— , phosphides, 5767A, 6363. 

— , purification of hydrogen, 6769. 

— , silicides, 5771. 

— , with hydrochloric acid and carbon, 5770. 
Phosphorus, used in methanol catalysts, 
5344. 


Phthalic acid, hydrogenated, 2206, 2225. 
Phthalic anhydride, hydrogenated, 1787, 
1892, 1935. 1936, 2224-2228. 
Phthalide, product, 2226. 

Phthalimide, hydrogenated, 2275. 

Phthalonic acid, from tetrahydro naphtha- 
lene, 4163. 

Physical adsorption, 201-204. 

Phytene, hydrogenated, 1628. 

Phytol, hydrogenated, 3020, 6348. 
Phytosterols, 3013, 3013B. 

— , in hardened oils, 3410. 

Phytosteryl acetate teets, 3461-3463. 

Picoline, hydrogenated, 2732, 2746. 
Piezoelectric products, 6330. 

Pilchard oil, hydrogenated, 6328. 

Pili oil, complete hydrogenation, 3349. 
Pimaric acid, action of perbenzoic acid on, 
1890. 

— , hydrogenation, 1887-1890, 6355. 

Pinane, hydrogenated, 6308. 

— , product, 2327. 

Pinene, hydrogenated, 1630 A, 2305. 2322- 
2324A, 2326-2328, 4828, 6322, 6346. 
— , internal exchange hydrogenation of, 2326. 
Pinenes, isomerization, 2327. 

Piperidine, in preparation of catalysts, 1143. 
— , product, 2505, 2732-2734, 2736-2741 A. 
Piperidinic acids, products, 2756. 
Piperidino-anisylpentanone, product, 2753F. 

methylhexanone, product, 2?54. 

phenyl pen tenone, hydrogenated, 1974. 

propylparanitro benzoate hydrochlorides, 

hydrogenated, 2570. 

Piperidyl compounds, 2762. 

Piperitone, hydrogenated, 2381, 2440, 2441, 
6346. 

Piperoin, product, 1957A. 

Pipe ronal-ace tone, hydrogenated, 1946. 
Piperonal, hydrogenation of, 1900, 2406, 
2407. 

— , hydrogenation of nitrobenzene in pres- 
ence of, 2539. 

Piperonaloxime, hydrogenated, 2649. 
Piperonylacraldehyde, hydrogenated, 1659. 
Piperonylacrylic acid, hydrogenated, 1884. 
Piperonyl alcohol, product, 2406-2407. 
Piperonylamylaminobutyric acid, product, 
1864. 

Piperonylethylidene-malonio acid, product, 
1561. 

Piperonyi-JV-phenylnitrone, product, 2539. 
Piperonylpropane, product, 1659. 
Piperonylpropargylaldehyde, hydrogenated, 
1558. 

Piperonyl propargylidene-malonic acid, de- 
composed on hydrogenation, 1561. 
Pirylene. hydrogenated, 2761. 

Plaice oil, 3328. 

Platinum, adsorption on, 6305, 6306. 
Platinum-black, adsorption of gasee by, 
344A. 
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Platinum-black, heat of adsorption of hydro- 
gen, 6303. 

Platinum catalysts, 800, 803, 821-864. 

— , fatigue of, 627-629. 

— , Loew’s, 824-827. 

— , Peal's, 828, 829, 867-872. 

Platinum catalyst, carriers, influence of, 037, 
940. 

— , direct reduction of solid salt, 828, 829, 
867-872. 

— , for oxidations, 108. 

— , in hydrogenation of petroleum, 4829, 
6000, 6004. 

— , in methanol synthesis, 6266, 6339, 6345. 
— , massive, 822. 

— , selectivity of, 3333. 

— , Skita's methods, 873. 

— , thin layer on conducting metal base, 
1069. 

Platinum, colloidal, 962. 

— , colloidal, with sodium lysalbinate, 905, 
906. 

— , deposit on exterior of carrier, 941. 

— , electro-sols, 966. 

Platinum group catalysts, compared with 
nickel, 802, 803. 

Platinum group metals, alloys with iron 
group metals, 964. 

— , as catalysts, 959, 960, 963. 

— , colloidal, hydroxides, 919-921, 924. 

— , on carbon, 944, 946, 946. 

— , organosols, 926-932, 934. 

— , zeolite catalyst, 964-957. 

Platinum, hydrosols (Bredig), 901. 

— , organosol, 925, 927, 928. 

— , precipitated by lower oxide of silicon, 
1144. 

— , reduced by hydrogen in silica-gel, 668- 
671. 6310. 

Platinum-sodium alloy, catalyst from, 681. 
Poisoning of catalysts, ace Catalyst poisons. 
Poisoning, benzene hydrogenation, 401. 
Polishing powder from hydrogenated oil, 
4031. 

Polybasic alpha-hydroxy and keto acids, 
1783, 1784, 1893. 

Polyhydroxybenzyl aloohols, from aldehydes, 
1929. 

Polyhydroxy (cyclic) compounds, hydrogen- 
ation of, 1753A. 

Polyhydroxycyclohexanes, production from 
polyphenols, 2134. 

Polyhydroxylated compounds, hydrogenated, 
6334. 

Poiyindene, hydrogenated, 6366. 
Polymerization of oils, by electric discharge, 
5100-5107. 

Polymerized and hydrogenated oils, in lubri- 
cants, 4022-4028. 

— , in soaps, 4022-4028. 

Polymerized compounds, hydrogenated, 6366. 
Polymerized oils, hydrogenation of, 3339. 


Polynuclear hydrocarbons, hydrogenated, 
6355. 

Polynuclear quinones, hydrogenated, 2189. 
Polyphenols, hydrogenation of, 2129-2134. 
Polystyrol, hydrogenated, 2037A. 

Pontianak resin, hydrogenated, 4176, 4184. 
Poppyseed oil, 3244. 

Porous diaphragm, oil-hardening plant, 3517- 
3522. 

Porous metal catalysts, 1072. 

Porphyrins, hydrogenation of, 2726, 6348. 
Potassium cyanide, catalyst poison, 520, 522, 
567. 

— , hydrogenated, 2602. 

Potassium phenyl-isopropyl, 6327. 

Powder process, 3604; see also under Oil- 
hardening plant, suspended catalyst 
type. 

Preactivation of hydrogen, 6126. 

Preferential adsorption, function of promoter, 
607. 

Pressure and chemical equilibrium, 5212, 
5213. 

Pressure, hydrogenation at low, 423. 

— , influence on hydrogenation, 414-423. 
Pretreatment of catalysts, 6360. 
Pretreatment of coal, prior to hydrogenation, 
4538. 

Pretreatment of oils to remove catalyst 
poisons, 546-559A, 562-566. 

Primary amines, from secondary amines, 
2549. 

Printing inks, containing tetr&lin, 4205, 6353. 
Promoter action, 6361. 

— , defined, 606-602. 

— , mechanism of, 604-612. 

Promoters, 600-612. 

— , alumina, 605-607, 5945, 5945A, 5945B. 
— , beryllium, 1788. 

— , cerium, 1788, 5410. 

— , ferric oxide, 5411. 

— , for Adams’ platinum oxide-platinum 
catalyst, 854. 

— , iron salts, 854. 

— , lead, 1788. 

— , manganese compounds, 633, 854, 2128. 
— , nickel oxide, 1202, 5207. 

— , non-metal, earth metal oxides, etc., 633. 
— , — , insoluble phosphate, 640. 

— , — , insoluble sulphate, 639. 

— , — , preparation of, 634-636. 

— , of nickel catalysts, 1101. 

— , silicides of metals, 5771. 

— , thoria for nickel, 604, 605. 

— , uranium, 1788. 

— , zinc, 1788. 

Propane, product, 1611, 1645, 2000. 
Propanone oxime, hydrogenated, 2640C. 
Propenol, hydrogenated, 1635. 
Propenylpyridine, hydrogenated, 2755. 
Propionaldehyde, amino from, 2662. 

— , hydrogenated, 1647, 1653. 
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Propionaldehyde, product, 1635, 1637, 1667, 
1787, 1892. 

Propion&idehyde and ammonia, compound 
hydrogenation, 2691. 
Propionaldoxime, hydrogenated, 2632A. 
Propionamido, hydrogenated, 2666. 

Propionic anhydride, hydrogenated, 6332. 
Propionic esters, products, 1756. 
Propionitrile, hydrogenated, 2505, 2603, 
2604. 

Propiophenone oxime, hydrogenated, 2657. 
Propyl alcohol, from 2-methylpentanol-l, 
5476B. 

— , product, 1635, 1635A, 1647, 1653, 1667. 
Propylamine, from propionaldehyde, 2662. 

— , product, 2501, 2505, 2603, 2632A, 2666. 
Propyl benzene, product, 1941. 
Propylcyclohexanol, product, 1413, 2124. 
Propylcyclohexanone, product, 1718, 2124. 
Propylcyclohexanone oxime, hydrogenated, 
2124. 

Propylcyclohexanone semicarbaxone, hydro- 
genated, 1414. 

Propylcyclohexy 1 hydroxyl amine, product, 
1413, 2124. 

Propylcyclopentene, hydrogenated, 2009. 
Propyldimethylaniline, product, 2805E. 
Propylene, hydrogenated, 1611, 1612, 1613. 
Propylene oxide, hydrogenated, 1635A. 
Propyl ether, decomposed, 1632. 

— , product, 1634. 

Propyl heptyl ether, hydrogenated, 1933. 
Propylhexanone oxime, hydrogenated, 1413. 
Propyl nitrite, hydrogenated, 2501. 

Propyl oleate, hydrogenated, 3230, 3233, 
3239. 

Propylphenol, hydrogenated, 1413. 

— , product, 2124. 

Propylquinoline, hydrogenated, 2776. 
Propylresorcin carboxylic acid, product, 2935. 
Propyl to trahydroqui noline, product, 2776. 
Protective colloid, 903, 5262. 

— , dextrin, 936. 

— , galactose 912. 

— , gelatin, 931, 935, 936. 

— , gum arabic, 907, 908. 

— , lysalbinic acid, 904, 924. 

— , retarding action of, 935, 936. 

— , silicic acid, 913, 914. 

— , sodium lysalbinate, 903, 904, 924, 1062. 
— , sodium protalbinate, 907, 917, 924, 1062. 
— , starch, 918. 

— , wool fat, 925-930. 

Proteins, hydrogenated, 6327. 

Protocan tharadinic acid, product, 3075. 
Protocatechualdehyde, hydrogenated, 1929. 
Protoliche8tearic acid, hydrogenated, 1780. 
Pseudochole8tane, product, 3007. 
Pseudocumene, hydrogenated, 2039. 
Pst-sparteine, product, 2803. 

Psychosine, hydrogenated, 3062. 
Pulegomenthone, product, 2442, 2443. 


Pulegone, hydrogenated, 2441-2444. 
Pulegone derivatives, hydrogenated, 6346. 
Pumice, carrier, 650, 651, 653, 681, 1104, 
4514, 5412, 5416A, 5766. 

Pyridine, catalyst poisoned by, 2741. 

— , hydrogenated. 2505, 2732-2741A, 6343. 
— , in preparation of catalysts, 1143. 
Pyridine carboxylic acids, hydrogenated, 
2756. 

Pyridinium salts, hydrogenated, 2741. 
Pyridonium chlorides, hydrogenation rates, 
2740. 

Pyridyl methylaminopropyl ketone, hydro- 
genated, 2743. 

Pyrobitumen of shale, 4938. 

Pyrocatechol, hydrogenation, 1839. 

— , product of fission-hydrogenation of guaia- 
col, 1632. 

Pyrogallol, hydrogenated, 2133. 

— , product. 1930. 

Pyrolytic cracking, 4870. 

Pyromucic acid, hydrogenated, 2704. 
Pyromucic acid amide, product, 2653A. 
Pyrophoric iron, 5072, 6316. 

— , adsorption of gases by, 366. 

Pyrophoric metal, 1131, 1187. 

Pyrotartaric acid, product, 1791. 

Pyrrole, hydrogenated, 806, 2716, 2717, 
6343. 

Pyrrole aldehydes, hydrogenated, 2720. 
Pyrrolidine, product, 2605 A, 2716, 2717. 
Pyrrolidine alcohols, products, 2728. 

Pyruvic acid and ammonia, compound hydro- 
genation, 2697. 

Pyruvic acid-formaldehyde condensation pro- 
duct, hydrogenated, 1713. 

Quorootin pontamothyl ether, hydrogenated, 
1840. 

Quinaldine, hydrogenated, 2505, 2780. 
Quinaldinic acid, hydrogenated, 2781. 
Quinidine, hydrogenated, 2732. 

Quinine, hydrogenated, 2816, 2817, 2820, 
2821. 

Quinine hydrochloride, catalyst poison, 567. 
Quinite, product, 1837, 1838. 

Quinol, to prevent formation of catalyst 
poisons, 561. 

— , product, 2189. 

Quinoline, catalysts for hydrogenation of, 
2734, 2735. 

— , directive effect in hydrogenation, 2614E. 
2906, 2915. 

— , fission-hydrogenation of, 2764. 

— , hydrogenated, 2733, 2764A-2774. 

— , influence on hydrogenation of aromatic 
aldehydes, 1900. 

Quinoline derivatives, hydrogenated, 6344. 
Quinoline red. hydrogenated, 2779. 
Quinolinium salts, hydrogenated, 2741. 
Quinolylacetaldoxime, hydrogenated, 2661. 
Quinolylethylamine, product, 2661. 
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Quin one, hydrogenated, 1842. 

Quinones, polynuclear, hydrogenated, 2189. 

Radiation thoory of catalysis, 305, 324, 325. 
Rape oil, 3407, 3456, 3457. 

— , catalyst poison in, 3281. 

Raw materials for catalysts, compared, 1025, 
1026, 1038, 1039. 

Reaction products, collection of, 706-708. 
Reaction tube, contrasted effects of iron and 
glass, 2506. 

Reaction vessel, aluminum, 4821. 

— , catalyst tube, 5248-5250. 

— , construction, 4614-461 7A. 

— , for electrical treatment of oils, 5119B. 

— , lining, 4526, 4952, 5019, 5223, 5224. 

— , manganese bronze, 4610. 

— , protection of walls from heat, 4617A. 

— , walls as electrical resistance, 4617. 
Reduction of catalyst, with ammonia, 1130. 
— , with non-inflammable gas, 1130. 
Reducto-isobilianic acid, product, 3056, 
3060C. 

Refinery residues, reworking by hydrogena- 
tion, 4687, 4830. 

Refractive index, 3403-3409. 

— , as measure of hardening, 3343. 
Refrigeration, production of ethane for, 1602. 
Resins, as binders in magnet cores, 6318. 

— , from synthol, 5478. 

— , hydrogenated, 4176-418 8, 4814. 

Resin acids of hops, 3002. 

Resorcinol, hydrogenated, 2129, 6356. 

— , to prevent formation of catalyst poisons, 
561. 

Resorcinol monoisoamyl ether, hydrogen- 
ated, 2131. 

Reversal by high temperature, 1013. 
Ricinoleic acid, 3407. 

— , hydrogenation product, 1777. 

Ricinoleic acid glycerides, partial hydrogena- 
tion of, 1776, 1778. 

Rhodium, 800, 803, 959, 960. 

— , colloidal, with protolbinate, 917. 
Rhodium and hydrogen, effect on petroleum, 
4902 A. 

Rhodium hydride, 382. 

Rhodinol, hydrogenated, 2355, 2368. 
Roentgon rays, action on fatty acids, 5123. 
Room temperature, catalysis at, 801. 

Rosin, see also Colophony. 

— , hydrogenated, 4176-^1188. 

— , hydrogonation product in lubricant, 4188. 
— , ketone from. 4186. 

— , uses of hydrogenated, 4177, 4178, 4187, 
4188. 

Rotenol, hydrogenated, 3050. 

Rotenone, hydrogenated, 3049, 6348. 
Rotenonone, hydrogenated, 3052. 

Rubber, catalyst poison, 931. 

— , hydrogenated, 3076-3074, 6346. 

— , in printing inks, 6353. 


Rubber industry, hydronaphthalenos in, 
4249-4252. 

Rubber latex, hydronaphthalenes in treat- 
ment of, 4250. 

Rubber-like compounds, by hydrogenation, 
4663, 4664. 

Rubber recovery, hydro naphthalenes in, 
4249. 

Rubber solvents, “synthol/* 5477, 5540A. 

Rubber substitute, tetr&lin as reaction re- 
tarder, 4251. 

Ruthenium, 800, 803, 924. 

— , on carriers, 947. 

Sabinene, hydrogenated, 2329. 

Safroeugenol, hydrogenated, 2369. 

Safrol, hydrogenated, 1630 A, 2369-2372. 

Salad oil, from hydrogenated oil, 3936-3939. 

Salicin, hydrogenated, 3036. 

Salicyl aldehyde, hydrogenated, 1921. 

Salicylic acid, hydrogenated, 2201, 2207, 
2208, 6349. 

Salicylic esters, hydrogenated, 2206. 

Salicylo-nitrilo, hydrogenated, 2627D. 

Saligenin, product, 1921, 1924. 

Sandarac, hydrogenated, 4176. 

Santene, hydrogenated, 2330. 

Santonin, hydrogenated, 1982, 6348. 

Saponification and hydrogenation, process for 
simultaneous, 4013. 

Sardine oils, hydrogenated, 3241, 3433, 6304, 
6328. 

Schiff's bases, catalytic reduction of, 2690. 

Scrow-conveyor, in coal hydrogenation, 4524. 

Sebacic dialdehyde, product, 2930. 

Sebacyl dichloride, dehalogenated and hydro- 
genated, 2930. 

Secondary amines from cyclic ketones and 
amino alcohols, 1857. 

Secondary amines from tertiary amines, 2549. 

Secondary amyl alcohol, product, 1711. 

Secondary butyl alcohol, product, 1708, 1709, 
1715. 

Selachyl alcohol, hydrogenated, 3019. 

Selective hydrogenation, in purification of 
benzol, 1818. 

— , of fatty oils, 3314-3320. 

Selenium, poison, 1009. 

Semicar bazones, hydrogenated, 6340. 

Semi-coke, experimental hydrogenation, 
4416. 

— , with steam and alkali, 4427. 

Semi-Diesel engine fuel, 4706. 

Semo process. 502 1 A . 

Sesame oil, 3244, 3409-3420. 

Sesquiterpene B (from lignite tar), hydro- 
genated, 2301 A. 

Sextone, see Cyclohexanone. 

Shale, extracted with tetralin, 4256, 4256A. 

— , treatment of. 4938-49380. 5905. 

Shale oils, cracking and hydrogenation of, 
4964B. 
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Shale oils, desulphurization of, 4944. 

— , hydrogenation of, 4704A, 4803, 4814, 
4924-4927, 4938-4938D, 6358. 

Shellac, hydrogenation of, 4176. 

Shoe-creams, tetralin in, 4204. 

Shortening material, 3918-3920, 3943, 3951- 
3958. 

Sical, 6103. 

Silex, 1134. 

Silica, carrier, 653. 

Silica-gel, as adsorbent, 685. 

— , “ageing” prevented, 679. 

— , carrier, 667-679, 1141, 5022A, 6310. 

— , reducing action of hydrogen adsorbed in, 
668-671, 942, 943. 

Silicates, catalyst support, 5036. 

Silicic acid, protective colloid, 913, 914. 
Silicol process, 6109. 

Silicon compounds, permanent catalyst 
poisons, 507. 

Silicon nitride, as catalyst in berginsation, 
4516, 4824. 

Silk-worm chrysalides, oil from, hydrogen- 
ated, 6329. 

Silver catalysts, 2534, 2535, 4931. 

— , in absorption of hydrogen, 6309. 

— , in methanol synthesis, 5324, 5340, 5348, 
5358, 5360, 5362. 

Silver, combination of gases on, 6305. 

— , hydrosol, 902. 

— , oxidation catalyst, 108. 

— , precipitated by chromous salts, 1314. 

— , precipitated by lower oxide of silicon, 
1144. 

— , reduoed by hydrogen in silica-gel, 668, 
942. 

— , solubility of hydrogen in, 384. 

Sintering of copper catalysts, 568. 

Sitostanol, product, 3010-3012. 

Sitosterols, hydrogenated, 3010-3014. 
Slagwool, carrier, 650. 

Sludges, hydrogenation of, 5032. 

Smackover crude oil, hydrogenation of, 4836, 
4840. 

Soap, darkening of, 4010. 

Soap industry, hydrogenated oils in, 4001- 
4013, 6330. 

Soap,' made with hydrogenated oils, lather- 
ing properties, 4006, 4011, 4022-4028. 
Soaps, containing decalin, 6353. 

— , containing hexalin, 6357. 

Soaps, effect on catalyst, 544. 

Sod amide, as catalyst, 4518A. 

Sodium, catalyst for napthalene hydrogena- 
tion, 4121. 

— , purification of naphthalene, 6351. 

— , source of hydrogen, 6103, 6104. 

Sodium amalgam, hydrogenation with, 389. 

— carbonate and hydrogen in coal hydrogen- 

ation. 4425-4428. 

— chloride, not catalyst poison, 540, 541. 

— cinnamate, hydrogenation rate, 1630 A. 


Sodium citrate, stabiliser of colloidal plati- 
num, 916. 

— cyanide, hydrogenation of petroleum, 

5024, 5024A. 

— formaldehyde sulphoxylate, 1648, 6335. 

— formate, in coal hydrogenation, 4407- 

4412, 4459. 

— hydrogen sulphite formaldehyde, hydro- 

genated, 1648, 1648A. 

— hydroxide, occlusion of, by nickel hydrox- 

ide, 1112. 

— lysalbinate, protective colloid, 903, 905, 

907, 924, 1062. 

— nitrate, not catalyst poison, 541. 

— phthalate, hydrogenated, 2225. 

— protalbinate, protective colloid, 907, 917, 

924, 1062. 

— silicate, binder for catalyst, 5019. 

— sulphate, catalytic reduction, 346. 

— sulphate, not catalyst poison, 541. 
Solvates, definition, 141. 

Solvents, as catalysts, 138-142. 

— , boiling points compared, 4138. 

— , effect on equilibrium, 140, 141, 142. 

— , effect on reaction velocity, 1902. 

— , for reduction of acid chlorides, 2905-2907. 
— , influence in catalyses with platinum- 
black, 855, 864. 

Sorbic acid, hydrogenated, 1761. 

Sorbitol, hydrogenated, 6334. 

— , product, 1751. 

Sorption, 379. 

Soya bean oil, hydrogenated, 3404, 3926, 
6329. 

Soya bean oil soap, distillation of, 5045. 
Specificity of catalyst, measure of, 318. 
Specificity of catalytic adsorption, 218-221. 
Spent catalyst, recovery of fat from, 3731, 
3732. 

Spermine, 3061. 

Sperm oil, hydrogenated, 6328. 

Sphagnum moss, l>crginixed, 4462. 

Spinacene, hydrogenated, 3000A. 
Spirocyclane, hydrogenated, 1616. 
Spirocyclodecane, isomerized, 6308. 

Sponge, carrier, 650. 

Squalane, 3001. 

Squalene, hydrogenation of, 3000, 4828, 6324. 
Stability of hardened oils, 3812-3814. 

Stannic oxide gel as carrier, 667. 

Starch, hydrolysis, 108. 

— , protective colloid, 918. 

— , hydrogenation of, 1753 A, 6334. 

— , solution in hydrogenated phenols, 6357. 
Steam-carbon monoxide mixture to replace 
hydrogen, 2518. 

Steam-iron process. 5635-5673. 

— , contact body, 5644-5652. 

— , composition of product, 5642. 

— , cycle of operations, 5639-5641. 

— , impurities in product, 5638. 

— , multiple retort system, 5656-5659. 
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Steam-iron process, purification of hydrogen, 
5643. 

— , reaction, 5636, 5637. 

— , single retort system, 5661-5669. 

Steam, production of hydrogen from hydro- 
carbons, 5934-5964. 

— , used in hydrogenation of coal, 4428, 4515, 
4704A, 4922. 

— , used in hydrogenation of coal gas, 4714. 
— , used in hydrogenation of peat, 4725A, 
4922. 

— , used in hydrogenation of petroleum, 
4902 A, 4911-4923, 4929-4940. 

— , — , prevention of gumming, 4934. 

Stearic acid, as mother substance of petro- 
leum, 5050. 

— , dehydrogenation to iso-oleic acid, 3311. 
— , products, 1764-1776. 

— , purified by distillation of esters, 3613. 
Stearic aldehyde, product, 2909. 

Stearin, from olein by brush discharge, 5100. 
••Stearol,” 6330. 

Stearolic acid, hydrogenated, 1547, 3221, 
3340. 

Stearyl chloride, dehalogenated and hydro- 
genated, 2909. 

Steel, absorption of hydrogen, 4614A. 

— , for reaction vessels, 4615, 4615A. 
Stereoisomerism, hydrogenation in problems 
of, 1412-1427. 

Steric hindrance, 1412-1420. 

Sterols, in hardened oils, 3410, 3461-3464. 
— . hydrogenated, 3003-3021. 6347. 

StUbene, hydrogenated, 1630A, 1807, 1957A. 
— , product, 1515, 1521. 

Stirring, influence on reaction rate, 424, 425. 
Stirring device, 4601, 4602, 6360. 

Strychnine, hydrogenated, 2859. 

Styrene, 410, 1520. 

Styryl-bomeol, product, 2345. 

Suberic acid, product, 1543. 

Substrate, definition, 704, 1011. 
Succindialdehyde, 1556. 

Succinic acid, adsorption on platinum, 6306. 
— , decar boxy la ted, 6332. 

— , product, 1553, 1783, 1786. 

Succinic anhydride, hydrogenated, 1787, 
1789. 

— , product, 1785, 1892. 

Sugars, benzyl ethers of, 1748. 

— , catalyst prepared by carbonizing mix- 
ture of metallic salt and, 1176-1179, 
1205. 

— , hydrogenation of, 1749-1753A, 6334. 
Sulphactive catalysts, 4814, 4834, 4846, 6360. 
Sulphate (insoluble), as promoter, 639. 
Sulphide catalysts, in synthin formation, 
5541. 

Sulphide, hydrogen, use in hydrogenation, 
4967-4971. 

Sulphides, in reduction of nitro-com pounds, 
2520-2523. 


Sulphonaphthomethylamine, product, 2627A. 
Sulphonated hydrogenated oils in leather 
industry, 4015-4020. 

Sulphonated hydronaphthalenes, 4157A. 
Sulphoxylates of ketones and aldehydes, 
products, 1648, 1648A. 

— , hydrogenated, 6335. 

Sulphur, catalyst poison, 523-525, 533, 539- 
541, 571, 1009, 6304. 

Sulphur catalysts, in borginisation, 4517, 
4531, 4546, 4814. 

— chloride, catalyst poison, 540. 

Sulphur dioxide, as extractor of petroleum, 
5038B, 5038C, 6358. 

— , catalyst poison, 541. 

— , solvent for tetralin, 4157. 

Sulphur, in cracking mineral oils, 4971. 

— , in oils, removal, 4855. 

— , production of lubricating oils, 6358. 
Sulphur resistant catalysts, 4470, 4814. 
Sulphur, tetralin in recovery of, 4258. 

— , used in methanol catalysts, 5344. 
Sunflower oil, hydrogenated, 6329, 6330. 
Sunflower oil acid, hydrogen value, 3216. 
Superhydrogenated fat, 3927. 

Superparaffins, 4847. 

Support, influence of, on resistance to poison, 
530. 

Suprarenin, 3066. 

Surface tension of soap (solutions), 4011. 
Sylvestrene, hydrogenated, 2331. 

Synthetic petroleum, from water-gas, 5547. 
Synthin, 5434. 5500-5554. 

— , A art’s process, 5569. 

— , catalysts, 5501-6504, 5516, 5518, 5520- 
5527, 5530-5532, 5534, 5538-5542, 
5548. 

— , composition, 5506, 5514-5518, 5534-5536. 
— , mechanism of formation, 5509-5513. 

— , olefines and vinyl hydrocarbons, 5544. 

— , auphido catalysts, 5541. 

Synthin formation, temperature control, 
5544A. 

Synthin, temperature range of formation, 
5504. 

— , via acetylene, 5547. 

Synthol, 4469, 5434-5479. 

— , see also Carbon monoxide reduction. 

— , at atmospheric pressure, catalysts, 5467, 
5469, 5508, 5509. 

— , Brutzkus process, 5470. 

— , caloric value, 5453. 

— , catalysts, 5436-5460. 

— , composition, 5443, 5444, 5445, 5452. 

— , decomposition, 5466. 

— , deodorization, 5463, 5464 , 5472A. 

— , formation favored by slow gas current, 
5456. 

— , formation of butanol, 5462. 

— , from aliphatic alcohols, 5468. 

— , from water and carbon monoxide, 5469. 
— , heat economy in formation of, 5673. 
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Synthol, heavy paraffins from, 6454. 

— , higher aliphatic acids from, 5472. 

— , hydrocarbons from, 5405. 

— , in detergents, 5475, 5476. 

— , mechanism of formation, 5438, 5449, 
5450. 

— , oily by-products, 5471. 

— , optimum conditions for formation of, 
5448. 

— , Patart’s processes, 5439-544 2, 6457- 

5459, 5471. 

— , physical properties, 5452. 

— , purification, 5463, 5464. 

— , resins from, 5478. 

— , road tests, 5479. 

— , rubber solvent, 5477. 

— , solvents from, 5474, 5478. 

— , "su boride" catalysts, 5352. 

Synthol synthesis, efficiency of catalysts, 
5455. 

T age tone, hydrogenated, 2446. 

Talc, carrier, 653. 

Talgit, 3416. 

Talgol, 3415, 3422, 3424, 3425. 

Tallow. 3244. 3451. 3911. 

Tanning agents, tetrahydronaphthaleno sul- 
phonic acid, 6353. 

Tannins and related substances, 1840. 
Tantalum catalysts, 4529, 5003, 5340. 
Tantalum oompounds, as promoters, 633. 
Tar, brown coal, hydrogenation of, 4549. 

— , coal-tar, etc., hydrogenated, 4724, 4724A, 
4726, 4727. 

— , coke-oven tars berginixed, 4471. 

— , effect of temperature of carbonisation on 
composition, 4480. 

— , hydrogenated with hydrogen and water- 
gas, 4476. 

— , lignite-tar mixture berginixed, 4478. 

— , source of gasoline, etc., 4468. 

— , tar oils experimentally berginixed, 4472. 
Tar and coal, mixture hydrogenated, 4474. 
Tar oils, berginixed, 4479, 4728. 

— , lignite tar oils desulphurised and hydro- 
genated, 4723. 

— , purified by treatment with alkali metals, 
4105, 4106, 4110. 

Tars, berginixed, 4468, 4471-4472, 4473, 
4477. 

— , source of hydrogen, 6906-5913, 5921, 
6925. 

Tars and oils from British coals, 4652. 

Tar sands, hydrogenation of oils from, 4938B. 
Tartaric acid, hydrogenated, 1783. 

Tartrates, use in preparing electrolytic hydro- 
gen, 6034. 

Tellurium, promoter for nickel, 603. 
Temperature control, in methanol synthesis, 
5383-5385. 

Temperature, effect on equilibrium, 407. 

— , effect on temporary poisoning, 401. 


Temperature of hydrogenation, 400-412. 
Temperature of reduction, influence on activ- 
ity of catalyst, 1027-1032, 1034, 1035, 
1043. 

Terephthalic acid (dimethyl ester), hydro- 
genated, 2206. 

Terpen es, dehydrogenated, 408. 

— , hydrogenated, 408, 2300-2384. 6346. 
Torpineol, hydrogenated, 2374, 2375, 2375A. 
Terpineolbenxeneaxohydroxylamine oxime, 
hydrogenated, 2660. 

Tetrachlortetratolylbutane, dehaloge nation 
of. 2904. 

Tetraoosoic acid, product, 1782. 

Tetra-cupric hydrate, 1305. 
Tetraethylbutino-diol, hydrogenated, 1536. 
Tetraethyl lead, 1359, 4858-4860, 6317. 
Tetrahydro-abietic acid, 2237B. 

acenaphthene, product, 2072-2073, 2175, 

4129A. 

acetophenone, hydrogenated, 2170. 

alphanaphthyiamine, product (indus- 
trial), 4127, 4129. 

aminonaphthoic acid (ethyl ester), prod- 
uct, 2206. 

anhydrodigitoxigenin, product, 3038. 

anthracene, product, 2083-2085. 

anthranol, product, 1988, 1989, 2181. 

anthraquinol, product, 2185. 

anthraquinone, product, 2176. 

atophan, product, 2785. 

benzaldehyde (semicarbaxone), hydro- 
genated, 2246. 

bensan throne, product, 2181 A-2183. 

benxene, treated to give diolcfines, 5036. 

betanaphthol and cyclohexanol, conden- 
sation product, 1852. 

betanaphthol, product, 2163, 2168, 4154. 

betanaphthyl ethyl ether, product (in- 
dustrial), 4127. 

betanaphthyl methyl ketone, 4148. 

cadinene, product, 2310. 

— -campnoepermonyl acetate, product, 1984. 

— -carvone, product, 2419, 2420. 

— -colchicine, product, 2866. 

— -cyciohexylbetanaphthol, hydrogenated, 

2167. 

— -deoxycodeine, product, 2835. 

diphenyl, product (industrial), 4129A. 

— -diphenylene oxide, hydrogenated, 2128A. 
doremone, product, 2347. 

furfural oxime, product, 2711. 

— -furyl alcohol, 2703. 2714, 2715. 

furylamine, product, 2710. 

furylpropyl alcohol, product. 2709. 

furylpropyl amine, product, 2713. 

geraniol, product, 2359, 2403. 

guaiene, product, 2304. 

hydroxyquinoline. product, 2777. 

ionone, product, 2426. 

isoquinoline, product, 2770. 

iaoxingiborene, product, 2336. 



SUBJECT INDEX 


983 


Tetrahydro-methylfurfurane, product, 2700. 

methyl-lupinine, product, 2823. 

mothylnaphthalene carboxylic acid, prod- 
uct, 2236. 

methylquinoline, product (industrial), 

4129. 

Tetrahydro-naphthaleno, see also Totralin. 

— , halogen compounds, 4144. 

— , nitro-compounda, 4145, 4146, 4146A. 

— , product. 1632, 2066-2070, 2181, 2236. 

— , sulphonic acid, 4143. 

Tetrahydro-naphthaleno oxido, hydrogen- 
ated, 2168. 

Tetrahydro-naphthoic acids, products, 2206, 
2239. 

naphthostyril, product, 2240. 

naphthylamincs, 2271, 4151. 

ngaiene dioxide, hydrogenated, 2438. 

ngaione, product, 2436. 

phenanthrene, product, 1816, 207S-2077, 

2081. 

phenanthrol, product, 2182. 

phenylquinolino carboxylic acid, product, 

2732. 

phthalic anhydride, hydrogenated, 2228, 

2230. 2243. 

phthalidc, 2228, 2230. 

pyridine, product, 2741 A. 

quinaldinc, product, 2505. 

quinaldinic acid, product, 2781. 

— -quinoline, product, 2764A-2769, 2773. 

santonin, 1982, 6348. 

xanthen. product, 2188. 

Tetralin, 4134-4146. 4200-4272. 

— , set also Tctrahydronaphthalcno. 

— , absorbent for casing-head gas, 4207. 

— , added to gasoline, 6353. 

— , as hydrogen carrier. 6352. 

— , binding agent for paints, 4345. 

— , chloro-derivative in lubricants, 424G. 

— , condensation products with olefines, 4273. 
— , cracked, 6352. 

— , cyclic ketones from, 4152. 

— , detection of, 4160. 

— , detergents. 4253-4254. 

— , dye-in termediates from, 4142. 

— , electrical treatment to form varnish, 
4232 , 6353. 

— , extraction of oil shale and lignite with, 
4256, 4256A. 

— , gasoline substitute, 4234-4242, 4245. 

— , gas-washing with, 4259, 4260. 

— , germicides made with, 4269. 

— , in bleaching, 4265. 

— , matting finish for viscose, 4263. 

— , metabolism of, 4158. 

— , naphthalene separation with, 4257. 

— . pinking of enamels. 4219-4225. 

— , properties and uses, 4134-4146, 4200- 
4272. 

— , protective in mercerizing, 4262. 

— , purification of gasoline with, 4255. 


Tetralin, reaction retarder in rubber substi- 
tute making, 4251. 

— , resin aolvent, 4226. 

— , rubber recovery with, 4249. 

— , shoe creams, 4283, 4287. 

— , solvent properties, 4139, 4140. 

— , stable emulsions of, 4136. 

— , sulphonic acid, coagulant for viscose, 
4264. 

— , sulphur recovery with, 4258. 

— , toxicity of, 4137, 4158. 

— , treated to givo olefines, 5038. 

— , turpentine substitute, 4211-4218. 

— , wetting out with, 4201-4203, 42G1. 
Tetralone carboxylic acid hydrogenated, 2213. 
Tetralsalicylic acid, 2210-2212. 
Tetramethoxy-benxylcoumarone, 1979. 

— -ethylphcnantlirene, product, 2858. 

flavone, hydrogenated, 1840. 

Tetramethyl-anhydrohematoxylin, hydrogen- 
ated. 3027. 

butine-diol, hydrogenated, 1554. 

— -cyclopentyl methyl ketone, hydrogen- 

ated, 1804. 

desoxy hematoxylin, product, 3027. 

Tetxamethyleno-alphanaphthol.product.2181. 

— diamine, product, 2605 A. 

Te tramethy 1-hematoxy lone, hydro gena ted, 
3025. 

— -luteo-linidin, hydrogenated, 1841. 

— -octadiene, hydrogenated, 6324. 

quinoline, hydrogenated, 2776D. 

Tetraphenyl-benzene, 1816. 

— -ethane, 1936, 2063. 

methane, hydrogenated, 2061. 

succinonitrilc, product, 2575A. 

Tetrolic acid, hydrogenated, 1551, 1552, 1553. 
Thallium, catalyst, 2538. 

— , in motor fuels, 6317. 

— , precipitated by lower oxido of silicon, 
1144. 

Thobaine, hydrogenated, 2847-2851. 
Thebainolmothino, hydrogenated, 2853. 
Thobainonemethine, 2853. 

Thebaizone, hydrogenated, 2854. 

Thermal coefficient, activation and, 323. 
Thermal effect of hydrogenation, 351. 
Thermal reduction of nickel catalysts, 1161- 
1173. 

Thiocarhamide, catalyst poison, 567. 
Thiocyanogen number, 3221-3227, 3330. 
Thionaphthene, hydrogenation of, 2074. 
Thiophcn as catalyst poison, 513, 531. 
Thoria, promoter action of, 604. 

Thorium catalyst for oil hardening, 3210. 

— compounds, as catalysts, 4534C, 4829, 

5003. 

— silicate, catalyst raw material, 1026. 

— stearate, catalyst, 1026. 

Thujane, hydrogenated, 2329, 2332, 2333, 
2335. 

Thujene, hydrogenated, 2332-2335. 
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Thujone, hydrogenated, 2448. 

Thymol, hydrogenated, 2380A-2380D. 
—.product, 2125, 2127, 2377-2379, 6346, 
6356. 

Thymoquinol, hydrogenated, 2376. 
Thymoquinone, hydrogenated, 1843, 2449. 
Thyroxin, dehydrogenated, 2940. 

Tin, catalyst, 1072. 1320, 2506. 

Tin chloride, catalyst poison, 540 
Tin compounds, as catalysts, 4513, 4522, 
4528. 

Tin, hydrosol, 902. 

— , precipitated by lower oxide of silicon, 
1144. 

Tissues, nickel in, 3446. 

Titanium, catalyst for oil-hardening, 3210. 
Titanium compounds, as promoters, 633. 

— , catalysts in berginixation, 4516, 4534C, 
4536. 4824, 4943. 

Titanium dioxide, protective colloid, 915. 
Titer, changes in experimental hydrogenation 
of oils. 3266, 3267, 3331. 

Toad poison constituents, 3047. 

Tolane, hydrogenated, 6333. 

Toluene, high temperature reactions of, 
2030. 

— , hydrogenated, 2025, 2030-2033. 

— , oxidized to benzaldehyde, 5358B. 

— , product. 1817, 1819, 1824, 1829, 1833, 
1834, 1896, 1903, 1906-1908. 

Toluic acids (esters), hydrogenated, 2219. 
Toluidine, alkaline catalyst for hydrogenat- 
ing, 2248. 

— , hydrogenated, 2255, 6349. 

— , in preparation of catalysts, 1143. 

— , product, 1320, 2506, 2525, 2546-2542, 
2800. 

Toluonitrile, hydrogenated, 2609, 2613. 
Toluoyl benzoic acid, hydrogenated, 2505. 
Toluquinone, hydrogenated, 1843. 

Toluylene hydrate, product, 1957A. 
Tolyhydroquinone, product, 1843. 
Tolyl-acctonitrile, hydrogenated. 2614F. 

— -cinnamic acid (ethyl ester), hydrogen- 

nated, 1S82A. 

— -dimethyl carbinol, hydrogenated, 2382. 

— -ethylamine, product, 2614F. 

pentenoic acid, hydrogenated, 1885. 

propanolamine, product, 2696. 

valeric acid, product, 1885. 

Transformer oils, hydrogenation, 5022. 
Triacetoxy benzaldehyde, product, 2917. 
Triocetyl-gallic aldehyde, product, 2917. 

methylglucosenide, hydrogenated. 1753. 

Triaminotriphenyltriazine, product, 2505. 
Tricarballylic acid, product, 1795. 
Tricarbethoxygallic aldehyde, hydrogenated, 
1931. 

Tricarbomethoxygallic aldehyde, hydrogen- 
ated. 1931. 

Trichlorodiarylcthancs, dehalogenation of, 
2904. 


Tricyclohexyl-dihydroglyoxaline, product, 
2788, 2788A. 

methane, product, 2025, 2059, 2061, 2062. 

2154, 2157. 

tetrahydroglyoxaline, product, 2788 A. 

Tridecanoic acid, product, 1762. 

Trie thy lamine, product, 2512, 2691. 
Trifluoro-acetone, hydrogenated, 1707, 6336. 

— -cresol, hydrogenated in nucleus, 1830. 
isopropyl alcohol, product, 1707. 

methylcyclohexane, product, 1830. 

methylcyclohoxanol, product, 1830. 

Triheptene, product, 1517. 
Trihydroxy-benzaldehyde, product, 2917. 

— -cholanic acid, product, 3054, 3060. 

— -dihydro codeinone, product, 2839. 

Triiao amyl amine, product, 2504. 
Triisopropylamine, 2644. 

T rimothoxy-benzaldehy de, hydrogenated, 
1841. 

benzaldehyde, product, 2920. 

benzyl alcohol, product, 1841. 

Trimethyl-amine, product, 2600. 

anhydrobrazilin, hydrogenated, 3026. 

benzene, hydrogenated, 2025, 2039, 2040. 

brazilone, hydrogenated, 3024. 

— -carboxy-benzaldehydc, product, 2917. 

— -cyclohexane, product, 2025, 2039, 2010. 

— -desoxybrazilin, product, 3026. 

— -dodecane, product, 2352. 

— -dodecanol, product, 2352. 

— -ethylene, hydrogenated, 1619, 1630A. 
Trimethylene- tetrahydroanthracene, p r o d- 

uct, 2183. 

tetrahydroanthranol, product, 2183. 

Trimethyl -indole, hydrogenated, 2805E. 

isobutyldihydropyridine dicarboxyl ic 

acid (ethyl ester), product, 2744. 

nonenone, hydrogenated, 1728. 

pentane, product, 1626. 

pentineneol, hydrogenated, 1538. 

propineme thane, hydrogenated, 1516. 

— -quinoline, hydrogenated, 2776B. 

tetrahydroquinoline, product, 2776B. 

Trioxychalcono, hydrogenated, 2432. 
Triphenyl-acetonitrile, hydrogenated, 2618. 
acetyl chloride, dehalogenatcd and hydro- 
genated, 2933. 

amine, hydrogenated, 2268. 

benzofulvene. hydrogenated, 2000. 

— -carbinol, hydrogenated. 1848, 2154. 

— -dihydroglyoxaline, hydrogenated, 2788A. 

— -ethyl amine, product, 2618. 

glyoxaline, hydrogenated, 2788. 

methane, hydrogenated, 2025, 2059. 

methane, product, 1848. 

piperidine, product, 2623. 

pyridine, product. 2759. 

Tripropylamine, product, 2501, 2603. 2691. 
Tube-and-Tank process, distillate hydrogen- 
ated. 4840. 

Tube-and-Tank tar, 4839. 
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Tubing for experimental hydrogenation, 711, 
712. 

Tung oil, hydrogenation of, 1774. 

— , thioeyanogen number, 3222. 

Tungsten catalysts, for oil hardening, 3210. 
— , for production of hydrogen from hydro- 
carbons, 5045, 5963. 

— , in berginization, 45 13 A, 4518A, 4519, 
4534C, 4540, 4820, 4975, 6359. 

— , in methanol synthesis, 5323, 5323B, 5336, 
5340, 5347, 5350, 5351, 5355A, 5358, 
53G0. 

Tungsten lamp filament as catalyst, 356. 
Tungsten oxide, catalyst raw material, 1026. 
Tungstic oxide gel as carrier, 667. 

Turbidity test, of oils, 3477. 

Turpentine, source of hydrogen, 5905. 
Turpentine substitute, decalin, 4216. 

— , tetralin, 4210-4227. 

Tyramine, product, 2626. 

Tyrosine, hydrogenated, 6349. 

Ultraviolet irradiation, oil hardening with, 
3607-3610. 

Ultraviolet light, action on colloidal plati- 
num. 5124. 

— , action on fatty oils, 5124, 6328. 
Ultraviolet radiation, 5118. 

— , action like catalyst, 312. 

Undecoic acid, hydrogen value, 3216. 
Undecylenic acid, hydrogenated, 1630A, 
1757, 1763. 

Undecylic acid (ester), product, 1757, 1763. 
U nsaponifiable matter in oils, 3420-3425, 
3460-3466. 

Unsaturated acids and esters, hydrogenated, 
6327. 

Unsaturated alcohols and amines, hydrogen- 
ated, 6325. 

Unsaturated aldehydes and ketones, hydro- 
genated, 6326. 

Unsaturated hydrocarbons, desirability of, 
4907. 

— , from carbon monoxide, 5517-5520, 5528, 
5529, 5535. 

— , carbon deposit from, 5958. 

Unsaturated hydroxy-acid of cercbrosidos, 
hydrogenated. 1779. 

Uracil, product, 2608. 

Uranium, promoter, 1788. 

Uranium carbide catalyst, 517. 

Uranium catalysts, for oil hardening, 3210. 
— , in berginization, 4513A, 4523, 4536, 4546, 
4 657 A, 4829, 5003. 

— , in hydrocarbon production, 5416A. 

— , in methanol synthesis. 5323. 5336, 5340, 
5350-5352, 5358, 5358B, 5360. 
Uranium compounds, promoters, 633. 

Urea, in preparation of catalysts, 1143. 
Urea-formaldehyde resins, as binders in 
magnet cores, 6318 
Usnctol, hydrogenated, 3021. 


Valeric acid, product, 1761. 

Valeronitrile, hydrogenated, 2605. 

Valves, for high-pressure work, 5235, 5236, 
5244A. 

Vanadium catalysts, for oil hardening, 
3210. 

— , for production of hydrogen from hydro- 
carbons, 5951, 5963. 

— , in berginization, 4509, 4513A, 4520, 4529, 
4530, 4536, 4546, 4819, 4943, 6333. 

— , in methanol synthesis, 5266, 5323, 5323B, 
5333, 5336, 5340, 5347, 5350-52, 
5355 A, 5358, 5360. 

Vanadium compounds, as promoters, 633. 
Van illidene-ace tone, hydrogenated. 1949. 
Vanillidene-hippuric acid, hydrogenated, 
1870. 

Vanillin, hydrogenated, 1900, 1916, 1917. 
Vanillyl-acetone, product, 1949. 
Vanillylamine, product, 2664. 

Vanillyloxime, hydrogenated, 2664. 

Varnish remover, tetralin in, 4228, 4229 
Varnishes containing tetralin, 4211-4218, 
6357. 

Vat dyes, reduced to leuco-compounds, 2813, 
2814. 

Vegetable fats, hydrogenated with water-gas, 
3286. 

— , partial hydrogenation to improve flavor, 
3940, 3941. 

Vegetole, 3935. 

Venezuela crude oil, hydrogenation of, 4836, 
4851. 

Vinylphenanthrene, hydrogenated, 2858. 
Vinyl trimethylene, hydrogenated, 1618. 
Viscosity index of lubricating oils, 4846- 
4849. 

Vitamin A, 3018. 

— , in butter substitutes, 3914. 

Vitamins, effect of hydrogenation on, 3018A, 
3018B, 3479, 3814, 3818, 3819. 

— , preservation of, 559 A. 

Vitrain, berginization experiments on, 4443. 
Volatile solvents recovery, 6353. 

Voltolized olein, molecular weight of, 5101. 
Voltols, 5100-5120. 

— , tests, 5103. 

Vomicine, 2861 A. 

Vulcanization, hydrogenated quinoline in, 
2771. 

Wadolene, 4917. 

Wall reactions, 374, 375. 

Washing apparatus for nickel catalyst, 1128. 
Water, activity at high pressures and tem- 
peratures, 5211. 

— , as catalyst, 107, 108. 

— , decomposition in arc, 6095. 

— , transitory catalyst poison, 508. 
W’ater-gas, composition, 5302, 5625. 

— , continuous process for methanol, 5371. 

— , desulphurization , 5360-5370A , 5028-5634 . 
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Water-gas, formation of aromatic hydrocar- 
bons, 5549. 

— , in oil hardening, 3286, 3616, 5608. 
Water-gas catalytic process, 5700-5737. 

— , carbon dioxide removal, 5728. 

— , carbon monoxide removal, 5731-5734. 

— , Casalo-Sacchi modification, 5737. 

— , heat economy in, 5707, 5708. 

— , purification of product, 5728-5735. 

— , reaction. 5700. 

— , steam-water gas ratio, 5707. 

Water-gas manufacture, 561 1-5634 A. 

— , English (deep fuel bed) process, 5617, 
5618. 

— , generators, 5617, 5620-5623. 

— , high temperature operation, 5613. 

— , Leonarz* process, 5624. 

— , low temperature operation, 5612. 

— , Swedish (shallow fuel bed) process, 5617, 
5618, 5619. 

— , temperature effect on reaction velocity 
and on product, 5614, 5615. 

Water-gas purification, 5533, 5627-5634A, 
5660, 5824. 

— , carbon dioxide removed, 5634. 

— , iron carbonyl removed, 5632. 

— , sulphur compounds removed, 5620-5634. 
Water-gas reactions, 5303, 5304, 5611, 5612. 
Water-gas, removal of carbon monoxide by 
liquefaction, see Liquefaction process. 
Water retention of hardened oils, 3478, 3911, 
3913. 

Water vapor, deleterious to catalyst, 541. 
Wax, brown coal, hydrogenation of, 4517. 
Waxcoal, berginization of, 4440. 

Wax, lignite, hydrogenation of, 4531. 

Wet reduction method, 1132. 

Wetting agents, in purification of mineral 
oils, 5037C, 6353. 

Whale oil, 3404-3425, 3911. 

— , in soap industry. 4004-4007. 

— , hydrogenated, 3318. 

— , — , edibility of, 3816, 3817. 

— , — , water retention of, 3478. 

Wood alcohol, see Methanol. 

Wood, high-pressure distillation with cata- 
lysts, 4508. 

— , hydrogenation of, 4404. 


Wool fat, protective colloid for organosols, 
925-930. 

Xanthene, product, 1977, 2188. 

Xanthone, hydrogenated, 1977, 2188. 
Xanthophyll, hydrogenated, 3034. 

X-ray examination of catalysts, 315, 334, 338, 
339, 360, 1311, 5278. 

X-ray measurement of catalyst area, 334. 
Xylenes, from methoxy-benzyl chlorides, 2929. 
— , hydrogenated, 2025, 2034. 

Xylenols, hydrogenated, 2114-2116. 

Zeolite, used in making carrier, by base- 
exchange, 954-957. 

Zinc, carrier, 938, 940. 

— , catalyst poison, 571. 

— , hydrosol, 902. 

— , permeability to hydrogen, 5224. 

— , precipitated by lower oxide of silicon, 
1144. 

— , promoter, 1788. 

— , used to precipitate catalytic metal, 1142, 
1143. 

Zinc-bismuth catalysts, in methanol syn- 
thesis, 5358. 

Zinc carbonate, carrier, 939. 

Zinc catalysts, in berginization, 45 13-45 18 A, 
4521, 4529, 4530, 4534C, 4536, 490*. 
4943. 

— , in methanol synthesis, 5256A, 5258-78, 
5310, 5323-65. 

Zinc chloride, catalyst poison, 540. 
Zinc-copper couple, action on kerosene, 5132. 
Zinc-ferric hydroxide catalyst, in methanol 
synthesis, 5354. 

Zinc formate, in hydrogenation, 1167. 

— , possible rftle in methanol synthesis, 5321 C. 
Zinc methylate, methanol catalyst. 5503. 

Zinc oxide, adsorption of ethylene, 362. 

— , carrier, 938, 939. 

— , influence on palladium catalyst, 571. 

— , reduced by hydrogen, 1315, 6307. 
Zingcrone, hydrogenation of condensation 
products, 2450. 

Zingiberene, hydrogenated, 2336. 

Zirconium, catalyst for oil hardening, 3210. 
Zymosterol, hydrogenated, 6347. 
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